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Foreword by Coach Mike Krzyzewski

Basketball is one of the most popular sports in the world. Certainly, it has
evolved significantly since Dr. James Naismith placed a peach basket on an
elevated track in December 1891.
For most of my life, I have been blessed to play or coach this game, including the last 45 years at the highest levels as a head coach serving Army, Duke,
and USA Basketball. Of course, our sport has always revolved around the
“TEAM” concept at its core. The best basketball teams are formed by many
individuals from different backgrounds, successfully working together
toward a shared set of values and a common goal.
Those teams are comprised not only of players and coaches but also strong
support staffs, including medical personnel, many of whom you will hear
from—and hopefully learn from—in this book.
Certainly, high-end performance is contingent on physical health and
well-being. We fully understand that our physicians, physical therapists, athletic trainers, performance specialists, and strength and conditioning coaches
are integral to the ultimate success of our teams.
At Duke, we are fortunate to have two of the contributors of this book—Dr.
Ned Amendola and Dr. Jeff Bytomski—on our medical team. We believe in
them. We trust them, and we have incorporated many of their ideas into both
our medical preventative and rehabilitation strategies. We have experienced
significant injury reductions in recent years. On a daily basis, we utilize data
of our players’ workloads in a sophisticated approach to reduce the physical
stress on our team. And, in some other cases, we simply adhere to some common sense advice from our medical team to facilitate preventative care.
While we know and trust Ned and Jeff implicitly, the other editors of this
book—Lior Laver, Baris Kocaoglu, Brian Cole, and Amelia J. H. Arundale—
are equally as accomplished. There is so much to learn from all of them as
they will provide the most comprehensive source for basketball’s medical
caregivers.
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Foreword by Coach Mike Krzyzewski

As we know, basketball has evolved significantly, including the medical
care provided to athletes around the globe. That basketball medical community, which is so critical to the effectiveness and success of our teams, continues to advance as well. I look forward to using some of the concepts in this
book to further advance our program. You can too.

Mike Krzyzewski
Duke Basketball Head Coach since 1980
Winner of 5 NCAA championships, 12 Atlantic Coast Conference (ACC)
regular season championships, and 15 ACC Tournament championships
USA Basketball Senior National Team Head Coach 2005–2016
Five-time Olympic Gold Medal winner – 1984, 1992 (assistant coach);
2008, 2012, 2016 (head coach)
Two-time FIBA World Cup Gold Medal winner – 2010, 2014
Member of the Naismith Memorial Basketball Hall of Fame

Foreword from the ESSKA Leadership

After Handball and Football, ESSKA’s Third Sport-Specific
Book—On Basketball Medicine and Science!
ESSKA is proud to expand its book collection with this dedicated book about
basketball. It follows the spirit of the European Sport Medicine Associates
(ESMA), the fourth section of ESSKA which is fully dedicated to the entire
spectrum of sports medicine. After a book on handball medicine and science
as well as return to sports aspects in football, this book is the third demonstration of the sport-specific “global vision” ESSKA wishes to promote. ESSKA
believes that clinicians and scientists should always have this holistic view in
mind when they take care of their athletes. Multi- and interdisciplinary thinking is of utmost importance for the understanding of sports injuries, their
prevention, best treatment, and return to sports and performance.
Basketball is undoubtedly one of the most physically demanding team
sports and requires a wide variety of different skills. Playing basketball
involves a unique assembly of injury risks and related health problems.
Therefore, the medical and health care of every basketball team and each
player requires an unusual combination of knowledge and skill by every
health professional involved. The current book not only provides a deep scientific and clinical foundation of knowledge but addresses every aspect of the
health and medical care required in the sport.
What is it that makes basketball so special? It is a fast speed and intense
game, with specific player morphotypes and hence some particular biomechanical aspects including very high lever arms in the upper and lower
extremities, repetitive jumping with high impact loading on the ankle and
knee joints, repetitive loading of the spine through the pelvis, and extreme
pivoting elements in this sport which is played on very adherent surfaces.
These are some specificities of basketball which lead to characteristic joint
loading and frequent subsequent injuries. The game of basketball exposes the
players to a very wide panel of injuries from the head and neck to the ankle
and foot, as well as the psychological implications of playing a high-profile
competitive sport.
The current book provides a compilation of topics representing an excellent
tool for coaches, physiotherapists, sports physicians, and scientists as well as
orthopedic surgeons—essentially providing a unique perspective for all
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b asketball personnel—from basic science topics, team building and preparations, injury management and rehabilitation, injury prevention, the special
needs of unique and specific groups as well as psychological aspects. It will
help the entire “professional perimeter” of the team to strategize, prepare, and
address the various aspects involved in the medical coverage of a basketball
team’s competition program from the preseason screening through the entire
season.
The book provides an overview of a basketball player’s predisposing constitutional abilities to become a “competitive player,” the differences between
the various levels of play in basketball and the practical translation of these
aspects in terms of physical abilities. The book also provides a strong foundation of knowledge in biomechanics, physiology, endocrinic changes and
nutrition as well as other basic essential factors in order to design adequate
training programs including important relevant aspects of injury prevention.
Management of sports trauma and life-risking situations begins with good
preparation, and these aspects of assembling the medical team and preparing
for the various scenarios in basketball are specifically highlighted in the book.
Management of trauma and injuries is addressed on all its aspects, from its
occurrence and initial management on the court through following management phases and rehabilitation and onto surgical management when necessary. It is important to emphasize that various sports often differ, apart from
common types of injuries, in injury management and return to sports aspects
which are relevant and specific for each sport, and even the optimal surgical
technique and approach (i.e., graft choices for knee ligament reconstructions,
surgical techniques for shoulder dislocations, surgical management options
in ankle injuries or Achilles tendon ruptures) for a basketball player may differ from the optimal technique in football players, fencers, or in martial arts.
Therefore, clinicians would hopefully benefit from this book and gain more
knowledge in aspects which would aid in their injury management and
decision-making.
The book provides an overview of the state-of-the-art rehabilitation
approaches and programs for return to play, injury prevention concepts and
programs and load management strategies, as well as valuable and practical
tools for implementing these important elements. Finally, the book provides
special focus on the psychologic aspects of this fascinating sport as well as a
special focus on the retired basketball player.
ESSKA is proud to have such an outstanding team of authors contributing
to this project. This book is also unique as it is a first-time collaboration
between ESSKA and our good friends from the American Orthopaedic
Society for Sports Medicine (AOSSM), coming together as two of the world’s
leading orthopedic sports medicine organizations to provide a concise stateof-the-art overview of sports medicine and science in basketball. Over the last
years, ESSKA has worked intensively to strengthen the bonds between the
two societies. It is with great pleasure that we see this work come to fruition
in this huge project.

Foreword from the ESSKA Leadership
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This book will undoubtedly raise the level of the ESSKA community as
high as a basket hoop, and we can say that our great roster of authors, under
the leadership of lead editors Lior Laver and Baris Koacoglu along with
co-editors Ned Amendola, Brian Cole, Jeff Bytomski, and Amelia J. H.
Arundale, have shown great team work from the first JUMP-BALL to produce this outstanding SLAM DUNK of a book !!!
Lyon, France
David Dejour
LuxembourgRomain Seil
Geneva, Switzerland
Jacques Menetrey
December 2019

Preface

Since its invention in 1891 by Dr. James Naismith, basketball has become one
of the most popular sports in the world, with an ever-growing popularity and
a constant evolution. When all one needs to play is a ball and a basket, the
popularity of the game is no surprise as well as the wide spectrum of participants from kids, “weekend warriors,” amateurs, and onto professional players. Expansions/extensions such as streetball (street basketball) and 3 × 3
basketball (soon to become an Olympic sport) are rapidly attracting more and
more participants worldwide. The game itself has become extremely fast
pace, with rule changes to accommodate this evolution. These changes, along
with the growing numbers of participants worldwide, have brought a growing
number of injuries and have thus emphasized the constant need for proper
physical and medical coverage and attention for the athletes playing the
game.
Basketball is a team sport, and team work is essential for success not only on
the court but off the court as well. From the players, coaching staff, logistical
staff, and onto the medical staff—team work is the key for a successful team
and any successful initiative in the sport. Preparing a book for publication is
no different and requires a great team effort.
For this purpose, an excellent multidisciplinary group of individuals has
joined forces to form an elite team of authors—each a leader in his own
field—in order to produce a unique achievement in the field of basketball
medicine, sports medicine, and sports science.
Our goal was to create a comprehensive educational source not only for
basketball medical caregivers and scientists but also for all basketball personnel, made easily available and accessible to provide answers in whichever
aspect of their interest (physicians, PTs, ATs, rehabilitation specialists, conditioning trainers, and coaches). Our hope is that this source would also serve
as a link between the different disciplines and modalities involved in basketball care, creating a common language and improving communication within
the team staff and environment.
The unique group of people assembled for this project will undoubtedly
bring a great passion not only to the game of basketball but also an equal
level of scientific passion. With the help and collaboration of the ESSKA
Publications department and in collaboration with the American Orthopaedic
Society of Sports Medicine (AOSSM), our aim is that these “ingredients”
would combine to produce a result that would be concise and practical as
well as innovational and would improve the medical care in basketball
xi
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worldwide. We hope that this project would serve as a starting point and a
fertile ground for collaboration across the sport of basketball in terms of
research and initiatives to improve players’ safety and medical care in the
future as well as evolve alongside with the evolution of the game.
Tel-Aviv, Israel
Istanbul, Turkey
Chicago, USA
Brooklyn, USA
Durham, USA
Durham, USA

Lior Laver
Baris Kocaoglu
Brian Cole
Amelia J. H. Arundale
Jeffrey Bytomski
Annunziato Amendola

A Word from the Editors/
Acknowledgments

Over the years, we have been fortunate to be surrounded and supported by
great medical staff, physicians, physical therapists, athletic trainers, performance specialists, and strength and conditioning coaches. As with any team,
leadership, communication, and collaboration are essential to optimize
results. Every one of us has learned tremendously from this environment and
these interactions, and we are thankful for the professionals we have been
fortunate to be around over the years. These professionals have made us better over the years and they still do. This accentuates the importance of teamwork, which is true not only on the field but off the field as well.
Preparing a book for publication is no different and requires a great team
effort. A passionate team of international authors have come together to realize this important project and to produce a unique achievement in the fields of
basketball, sports medicine, and sports science. An experienced and diverse
team of experts, including orthopedic surgeons, primary care team physicians, and rehabilitation specialists, all covering different levels and leagues,
from European basketball, college basketball, and the NBA, all came together
for this project. We thank all the authors for the time, efforts, dedication, and
passion invested in this project.
Editing such an extensive book requires a great effort in order to put
together an end product which provides a balanced view and an adequate
stage for the various topics covered, while maintaining a structured flow of
content which will be useful and easy to navigate through for everyone.
We would especially like to thank and acknowledge Prof. Jon Karlsson,
KSSTA editor-in-chief, for his support of this project as well as his contribution as associate section editor in the “basketball injuries” section (Part IV),
and Dr. Ron Gilat, for his contribution as associate section editor in the “basketball injuries” section (Part IV).
This book is also a first of its kind collaboration between ESSKA and
AOSSM, bringing together two of the world’s leading Orthopedic sports
medicine societies. We would like to thank the leadership of both societies for
their tremendous support and vision.
While the game of basketball is similar in its essence all over the world,
resources also vary between levels of play and not every team can afford the
medical and scientific support available at the highest levels. There is a great
need for a relevant and reliable basketball-specific source to guide appropriate management of injuries and health problems, as well as to provide a
strong frame for scientific and medical support in basketball—wherever it is
xiii

xiv

A Word from the Editors/Acknowledgments

played. Our aim with this book was to address this need. The resulting content of the book provides the most comprehensive educational source for basketball medical caregivers, scientists, and all associated basketball
personnel.
Our experience has taught us over the years that while knowledge and
education are extremely important, leadership is essential for building a
strong, sustainable, and successful medical team, and we tried to portray
these elements throughout this book. This project was put together by a group
of authors that is committed to excellence. Together, they have produced a
practical and innovative source of high scientific quality relating to their
beloved sport aimed to improve the medical care in basketball worldwide.
We are extremely proud of the end product, and we hope this would be a
great impetus to increase the support for basketball science and to improve
medical services across the sport.
Sincerely,
Lior Laver, MD
Baris Kocaoglu, MD
Brian Cole, MD
Amelia J. H. Arundale, PT, PhD, DPT, SCS
Jeff Bytomski, DO
Annunziato Amendola, MD

Basketball Sports Medicine and
Science - Introduction

Basketball has grown over the years to become one of the most popular sports
in the world. One can find a basketball hoop in the backyards of homes and
schools in every continent and every corner of the world. History was made
in a cold early December day in 1891, when Canadian James Naismith [1], a
physical education professor at the International Young Men’s Christian
Association (YMCA) Training School [2] in Springfield, Massachusetts,
USA, nailed a peach basket onto a 10-foot (3.0 m) elevated track, to keep his
gym class students active on a rainy day. His purpose was to invent an indoor
game to keep his students occupied and at proper levels of fitness during the
long New England winters. No doubt, the journey and evolution the game has
undergone in over a century have been tremendous.
The new game quickly gained popularity and developed, spreading
through schools, colleges, and universities across North America and professional basketball developed soon after. By the 1920s, there were hundreds of
men’s professional basketball teams all over the United States. In 1946, the
Basketball Association of America (BAA) was formed and later, in 1949,
merged with the National Basketball League (NBL) to form the National
Basketball Association (NBA). By the 1950s, basketball had also become a
major college sport. In 1967, the American Basketball Association (ABA)
emerged and operated alongside the NBA, until the ABA-NBA merger in
1976 to form current day’s NBA, which is the leading professional basketball
league in the world in terms of popularity, salaries, talent, and level of
competition.
At the international scene, FIBA (International Basketball Federation) was
formed in 1932, and originally only oversaw amateur players. Its acronym
was derived from the French title: Fédération Internationale de Basket-ball
Amateur, and thus “FIBA.” Men’s basketball was officially first included at
the Berlin 1936 Summer Olympics. The first FIBA World Championship for
men, now known as the FIBA Basketball World Cup or “Mundobasket,” was
held in Argentina in 1950. Three years later, in 1953, the first FIBA World
Championship for women, now known as the FIBA Women’s Basketball
World Cup, was held in Chile. Although women’s basketball was popular
from the very beginning, it was officially added to the Olympics only in 1976,
in Montreal, Canada.
Popular national and continental leagues have emerged over the years in
Europe (the “Euroleague” is considered the second-best professional league
in the world, after the NBA), Australia, Central and South America, Asia, and
xv
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Africa. Today, the global popularity of the sport is reflected in the many
nationalities represented in the NBA and the Euroleague, including players
from all over the world.
The NBA-backed Women’s National Basketball Association (WNBA)
was only established in 1997; however, amateur and professional women’s
basketball leagues, both national and continental, have existed worldwide for
many years.
The popularity of the game of basketball has enjoyed a substantial growth
in recent years. In addition, the development of the game’s “siblings” and
derivates such as wheelchair basketball, street basketball (streetball) and
3 × 3 basketball, as well as “show basketball” (i.e., the Harlem Globetrotters)
and “slamball” has helped spread the game even more, reaching out to all
layers of the population worldwide.
Concurrently with the continuous development of the game and the
increased focus on performance optimization in elite sports, significant progress took place in basketball with regard to parameters such as technique,
tactics, and intensity, as well as the physical aspect. Over the years, the professional side of the sport has developed as well, alongside the evolution of
the game rules, which helped turn it into a fast and very dynamic game, contributing to its attractiveness and growing popularity.
The popularity of the game is shared between genders and is evident in
both the men’s and women’s game at all age groups, which unfortunately is
still rarely seen in many other sports, and the women’s game received a substantial boost since the establishment of the WNBA.
The future of basketball appears very bright. FIBA now counts 213
national federations worldwide under five confederations, making it one of
the biggest international sports federations (www.FIBA.basketball). The
introduction of 3 × 3 basketball as an Olympic sport, and the development of
wheelchair basketball over the years, which has opened a window into
Paralympic sports, is already helping spread the game even more, reaching
out to all layers of the population worldwide. With the growing evolution and
involvement of the media and social media in the sports, as well as the growing emphasis on fan engagement, the game of basketball is drawing more
attention worldwide. Professional leagues for men and women draw thousands of spectators in Europe, Asia, and South America and Australia, and
apart from the world and continental championships for national teams, continental club competitions in Europe (i.e., Euroleague and FIBA European
champions league), NBA, WNBA, and NCAA for men and women annually
feature the world’s best teams, competing for substantial prize money and
national/international prestige. Finally, the evolution of the game of basketball on all its aspects over the last century has made it the exciting, popular
sport it is today. Undoubtedly, the next 100 years will bring ongoing evolution; however, in the meantime, the status of basketball as one of the most
popular and exciting sports worldwide is assured.
The evolution and changes the game has undergone over the years have
also influenced the physiologic demands of the game as well as the injury
profile in the sport, which has emerged as one of the most injury-prone ball
sports. The growing need for an appropriate medical and scientific envelope
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to support the game became evident over the years; however, the epidemiologic profile of injuries in the sports was lacking, especially when compared
to football (soccer), a fact portrayed quite distinctively in the much lower
number of epidemiologic studies in basketball compared to football. Even so,
over the years high-quality scientific research has been done in basketball,
contributing not only to the sport itself, but providing great scientific merit for
other sports as well.
Over the years, basketball has emerged as one of the most demanding
team sports with regard to the variable skills involved and physical demands.
Additionally, participation in the sport of basketball involves a unique constellation of injury risks and related health problems. Therefore, the health
and medical care of every basketball team and each individual player requires
a special and unique collection of knowledge and skill by the involved medical and health professional. This book aims not only to provide a deep scientific and clinical foundation for basketball professionals, covering every
aspect of the health and medical care needed around the sport. This includes
basic science topics, medical team assembly and related preparations, injury
management and rehabilitation, injury prevention, understanding the special
needs of unique and specific groups as well as psychological aspects—all are
addressed and covered extensively.
This unique project compiles the work of the top international experts in
the field of basketball medicine and basketball science. It is the most comprehensive scientific source to date, aiming to aid and guide medical and all
scientific personnel around the sport of basketball, and hopefully will be the
reference and starting point of many other joint projects aimed to develop the
medical and scientific support for the game in the coming years.
Lior Laver
Baris Kocaoglu
Brian Cole
Amelia J. H. Arundale
Jeff Bytomski
Annunziato Amendola
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Basic and Applied Sciences
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Physical and Anthropometric
Characteristics of Basketball
Players
Jay R. Hoffman

1.1

Introduction

The popularity of basketball as an international
sport has been well-publicized over the past
20 years. Although the rules differ across the various professional and amateur leagues, the sport
itself is predominantly played as a high-intensity,
strength/power event. Previous descriptions of
the physiology of basketball had suggested that
the intensity of the game was dependent upon
coaching strategy [1, 2]. However, changes in
rules and character of the game (e.g., requirement
of a shot clock and greater reliance on exploiting
the defense to offense transition) have provided a
more specific physiological requirement for success. In 1996, Hoffman and colleagues [3] in a
4-year study of elite male college basketball
players indicated that components of anaerobic
ability (i.e., speed, vertical jump, and agility)
were strong predictors of playing time, while a
high aerobic capacity was reported to have a negative relationship with playing time. Although
additional studies examining performance predictors of playing time are limited, subsequent
research has tended to support the importance of
strength/power and anaerobic ability to basketball playing performance (e.g., often comparing
starters to nonstarters, or different levels of play).
J. R. Hoffman (*)
Department of Molecular Biology, Ariel University,
Ariel, Israel
e-mail: jay.hoffman@ucf.edu

Pojskic et al. [4] noted the importance of explosive power and anaerobic capacity as determinants of shooting performance, and a recent study
by Garcia-Gil and colleagues [5] in elite female
Spanish basketball players indicated that height,
wing span, body fat, and time in T-Drill test were
significant predictors of playing performance. A
recent investigation examining data obtained
from the National Basketball Association (NBA)
Draft Combine reported that anthropometric
measures (specifically values relating to length)
were the best predictors of future basketball performance, followed by upper-body strength [6].

Fact Box

Components of anaerobic performance
(i.e., speed, vertical jump, and agility) are
strong predictors of playing time, while
endurance capacity has a negative relationship with playing time.

This chapter will focus on the physical and
anthropometric characteristics of basketball players and the relationship that these measures have
to basketball performance. When possible, comparisons between positions and leagues will be
done. Although focus of discussion will be based
upon recent literature, historical perspectives will
be provided when appropriate.

© ESSKA 2020
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1.2

Physical Attributes
of the Basketball Player

This section will examine the contribution of
various components of fitness and how they
impact the basketball player. Data will be discussed relative to both sex and league. In addition, professional basketball will not be grouped
together, but rather data from players participating in the NBA will be separated from the results
of professional basketball players participating in
various teams across the International Basketball
Federation (FIBA).

1.2.1

Aerobic Capacity

The maximal oxygen consumption (VO2max)
of male basketball players has been reported to
range from 49.8 mL kg min−1 to 63.4 mL kg min−1
[7–11]. These investigations focused on National
Collegiate Athletic Association (NCAA) Division
II, European and Tunisian professional players.
Interestingly, it has been suggested that changes
in rules relating to the shot clock (reduction in
time allowed to shoot the ball from 30 to 24 s) and
moving from two halves to four quarters resulted
in a need for greater aerobic capacity [9]. Although
evidence is limited, Cormery and colleagues [9]
in a 10-year examination of male basketball players playing in the top French professional league
reported that the aerobic capacity of guards
increased from 51.0 ± 1.6 mL kg min−1 in athletes
before the year 2000 to 63.4 ± 2.7 mL kg min−1 in
athletes playing after the year 2000. No changes
in aerobic capacity were noted in forwards and
centers during the same time span. In contrast to
previous reports [1], guards appeared to have a
greater aerobic capacity than either forwards or
centers in collegiate and professional level basketball in both men [8, 12, 13] and women [14].
Whether an increase in aerobic capacity among
certain positions in basketball is related to
changes in the physiological needs of basketball
is not clear. Evidence to date, although limited,
suggests that aerobic capacity is not a predictor
of playing time or performance in elite male basketball players [3].

In contrast to the relationship reported between
aerobic capacity and basketball performance in
men, aerobic capacity has been suggested to be
associated with basketball performance in women
[15]. However, as previously indicated investigations examining the relationship between aerobic capacity and basketball performance in both
men and women are scarce in the past decade.
Interestingly, Ben Abdelkrim and colleagues
[7] reported that aerobic capacity was related
(r = 0.67) to high-intensity activity during a basketball game in Tunisian male basketball players.
Whether this is a function of the Tunisian basketball league or a global trend is not well understood. Further research is needed in this area.

1.2.2

Anaerobic Power

Components of anaerobic performance (i.e.,
speed, vertical jump, and agility) have been
demonstrated to be strong predictors of playing time in elite male college basketball players
[3]. Power performance in basketball players is
most often assessed via a vertical jump. Jump
tests are reported as jump height or jump power.
The latter test can be performed either on a force
plate or predicted from vertical jump height [16].
Different methods of vertical jump assessment
have made it difficult to compare between studies or to develop normative data [1].
Studies in the past 10–15 years have been consistent in demonstrating that vertical jump performance
can differentiate between starters and nonstarters in
NBA players [17] and NCAA Division I women
[18], and between different levels of play [12, 19].
A recent study by Spiteri and colleagues [19] indicated that the countermovement jump was able
to differentiate between players of different competitive leagues in women’s basketball. Basketball
players in the Women’s National Basketball
Association (WNBA) jumped significantly higher
(34.8 ± 3.3 cm) than athletes in the Australian
Women’s Basketball League (WNBL) and NCAA
Division I women’s basketball (30.6 ± 3.9 cm and
32.0 ± 5.1 cm, respectively). Significant differences
have also been reported between positions. Guards
tend to jump significantly higher than centers and
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power forwards in men [8, 11, 13], but these positional differences may not be seen in women, especially at lower levels of play [20]. However, vertical
jump power expression is significantly greater in
centers than guards [11, 13], which likely reflects
the greater mass seen in these players. However,
this difference is lost when power is expressed relative to body mass [8].
Examination of vertical jump data in NBA
players reveals interesting results. Figure 1.1 provides a perspective of standing reach height, vertical jump height without a step (preparation step),
and maximal vertical jump height with a step.
NBA players are only ~44 cm below the baskets
rim when standing with their arms outstretched;
however, centers are only ~26 cm below the rim.
The average NBA player jumping without a step
will be ~29 cm above the rim and will be 42 cm
above the rim when jumping with a step. It can be
clearly seen that much of the NBA game is played
“above the rim.” Interestingly, jump height or
power has not been demonstrated to be an effective predictor of performance in NBA basketball
players [6]. However, that could simply be a function of the exceptional level of jumping ability in
most NBA players.

Fact Box

Evidence from the standing reach and vertical jump height of the NBA players clearly
indicates that much of the NBA game is
played above the rim!

Fig. 1.1 Standing reach
height, vertical jump
height without a step,
and maximal vertical
jump height with a step
in relation to backboard
and rim height in NBA
basketball players
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Position comparisons in players participating in
the NBA combine from 2000 to 2015 are depicted
in Table 1.1. This data was obtained from the NBA
Draft Combine (http://stats.nba.com/draftcombine/). Standing reach height is significantly different between positions. The standing reach height
of point guards was less than all other players, the
standing reach height of shooting guards was less
than all forwards and centers, while the standing
reach height of small forwards were less than both
power forwards and centers. Finally, the standing
reach height of power forwards was less than centers. When examining total height achieved from
a jump with and without a step, results indicated
that point guards achieved a total jump height
lower than all other positions. Although the total
height achieved from jumping by shooting guards
was significantly greater than point guards, it was
significantly lower than all other positions. No differences were noted in total height achieved from
no step and maximum vertical jump height in forwards and centers. Interestingly, when comparing relative jump height between positions (jump
height − standing height), no significant differences were observed between positions in either
jump height with a step or without a step. Figure 1.2
depicts the range of average jump height (no step
or maximal jump height) with standard deviation
for 16 years of NBA combine testing. The highest
average maximal jump heights have been observed
in the last 3 years of the reported testing (2013–
2015), in which average maximal jump heights
ranged from 89.6 to 91.6 cm, and average jump
height with no step ranged from 76.3 to 77.6 cm.

Max Jump height (347 cm)
Jump height no step (334 cm)
Rim Height (305 cm)
Standing Reach Height (261 cm)

J. R. Hoffman
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Table 1.1 NBA Combine jump, strength, and speed performance between 2000 and 2015
Position
Point
guards
Shooting
guards
Small
forwards
Power
forwards
Centers

Standing
No step jump Max jump
N
reach (cm)
height (cm)
height (cm)
335.0 ± 10.2a
203 245. 4 ± 7.6a 320.5 ± 8.6a

NO step VJ Max VJ
BP reps
3/4 Sprint
(cm)
(cm)
(185)
speed (s)
74.9 ± 7.6a 89.7 ± 9.1a 8.6 ± 5.2a 3.21 ± 0.10a

202 256.5 ± 5.8b

332.2 ± 8.1b

345.9 ± 8.1b

75.7 ± 7.4a

89.4 ± 8.1a

9.9 ± 5.3a

3.24 ± 0.10a

191 265.4 ± 6.1c

339.9 ± 7.1c

352.8 ± 8.4c

74.7 ± 7.9a

87.6 ± 8.9a 10.3 ± 5.3a

3.28 ± 0.12a

259 271.3 ± 5.3d

343.7 ± 7.1c

354.3 ± 8.1c

72.4 ± 6.9a

83.3 ± 7.6a 13.0 ± 5.7a

3.33 ± 0.13a

145 278.9 ± 5.6e

347.2 ± 7.9c

357.1 ± 7.6c

68.6 ± 7.9a

78.5 ± 7.9a 11.7 ± 5.4a

3.42 ± 0.14a

Different letters indicate a significant difference
120.0

Jump Height (cm)

100.0

80.0

60.0

40.0
16 year average = 73.5 ± 3.1 cm in the no step vertical jump and
85.9 ± 3.6 cm in the no step vertical jump

20.0

0.0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
No Step Vertical Jump

Maximal Vertical Jump

Fig. 1.2 No step and maximal jump height between 2000 and 2015 in professional basketball players participating in
the NBA Combine

1.2.3

Strength

Examination of the literature in the past
10–15 years has found a paucity of data reporting maximal strength in college or professional
basketball players. It is surprising considering that
maximal squat strength (1-RM squat) has been
reported to be a strong predictor of playing time
in NCAA Division I male basketball players [3].
Hoffman and Maresh [2] reported that the average
1-RM squat in NCAA Division I male athletes was
152.2 ± 36.5 kg. In a position by position analysis

in NCAA Division I basketball players, Latin and
colleagues [21] indicated that collegiate forwards
(161.9 ± 37.7 kg) were significantly stronger than
centers (138.1 ± 32.1 kg) but similar to guards
(151.1 ± 35.5 kg). Lower body strength has been
suggested to be important for “boxing-out” and
positioning during a b asketball game [1]. An investigation by Köklü and colleagues [12] comparing
first and second division Turkish professional players suggested that isokinetic leg extension and leg
flexion strength was unable to differentiate players
between the two divisions of basketball play.
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Interestingly, the only recent publication
that has reported 1-RM strength in collegiate
basketball players assessed the front squat and
hang (power) clean in both men and women
NCAA Division II players [22]. The explosive
action of the hang clean and its ability to integrate strength, explosive power, and neuromuscular coordination among several muscle groups
suggest that this exercise has similarity to many
of the actions common to basketball players
[1], and may be a more appropriate exercise to
assess in basketball players than the squat. Thus,
improving strength in this exercise may provide
for a better transfer of strength to the basketball
court. Hang clean strength in NCAA Division II
men was recently reported to be 44.0 ± 6.1 kg
and 23.7 ± 2.7 kg in women [22]. Previously,
Latin and colleagues [21] reported maximal
strength in the power clean to be 99.2 ± 15.2 kg
(range 59.0–137.3 kg) in NCAA Division I
male college basketball players, with forwards
(105.1 ± 16.9 kg) being significantly stronger
than guards (94.5 ± 13.0 kg) but not centers
(99.8 ± 13.7 kg).

7

In a previous discussion of the physiology
of basketball, Hoffman [1] indicated that bench
press strength was the most common strength testing measure reported in basketball players. This
was despite a poor relationship (r’s from −0.04 to
0.14) reported between playing time and upperbody strength [3]. Maximal bench press strength
in NCAA Division I college basketball players
was reported to be 102.7 ± 18.9 kg [2], with no
differences noted between positions (Latin and
colleagues [21]). Ben Abdelkrim and colleagues
[7] indicated that the 1-RM bench press strength
in Tunisian first division basketball players was
92.1 ± 8.3 kg. Recent research has suggested that
upper-body strength may be a moderate predictor of future NBA performance [6]. Figure 1.3
provides the average number of repetitions performed by basketball players invited to the NBA
combine between the years 2000 and 2015. The
average number of repetitions performed was
10.8 ± 5.6. This is equivalent to a 1-RM bench
press of 115.6 kg [23]. Table 1.1 provides a position by position comparison of the number of
repetitions performed in the 185 lb bench press

20.0
18.0
16.0

Repetitions (#)

14.0
12.0
10.0
8.0
6.0
4.0
2.0

16 year average = 10.8 ± 5.6 repetitions

0.0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Fig. 1.3 Number of repetitions performed in the 185 lb (84.1 kg) Bench Press test in professional basketball players
participating in the NBA Combine (2000–2015)
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test. Although power forwards performed the
greatest number of repetitions, they were not significantly different than those observed for any
other position, and no significant differences in
repetitions performed were noted between any
position. However, these results should be interpreted in an appropriate context as lower body
strength (i.e., 1-RM squat) was not examined or
compared in these athletes.

1.2.4

Speed and Agility

Initial research with elite college basketball players indicated that speed (30 m) was a significant
predictor of playing time [3]. Speed has also been
demonstrated to differentiate between different
levels of play in some studies [12, 24] but not
all [5, 19, 20]. Ben Abdelkrim and colleagues [7]
reported that sprint speed (either 10 m, 20 m, or
30 m) was not related to high-intensity performance in basketball, while sprint performance
did not predict future performance in the NBA, as
determined from actual basketball performance
during the players initial competitive season

[6]. Figure 1.4 depicts 3/4 court sprint speed in
athletes participating in the NBA combine from
2000 to 2015. The average sprint speed during
this 16-year period was 3.29 ± 0.14 s. No significant changes from this mean were seen at any
time. It is likely that sprint speed of these athletes
was similar and at a high level to limit this fitness
component being an effective predictor of future
basketball performance. It is likely when there is
a greater variability of performance that sprint
speed may be a better predictor.
There does appear to be differences in sprint
speed comparisons between positions. Although
speed does not appear to be significantly different between positions in basketball players participating in the NBA combine (see Table 1.1),
point guards were 0.2 s faster than centers in the
3/4 court sprint (~21.5 m). Others have reported
that guards are significantly faster than centers
in male Spanish U-15 players, but not in U-16
or U-17 players [25]. Others have also indicated
that guards are faster than centers in Turkish men
[12], Belgian men [8], and English women basketball [20]. The distances used for assessment in
these latter studies were 5-, 10-, and 20-m.

3.60
3.50

Speed 3/4 Court (sec)

3.40
3.30
3.20
3.10
3.00
16 year average = 3.29 ± 0.14 sec
2.90
2.80

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Fig. 1.4 Speed (3/4 court) of professional basketball players participating in the NBA Combine (2000–2015)
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Agility has been observed to be more consistent in its relation to basketball performance.
Hoffman and colleagues [3] were the first to
demonstrate that the T-drill was able to predict
playing time in elite male college basketball
players. Subsequent studies have reported that
the T-drill was a significant performance predictor (r = 0.34, p < 0.05) in Spanish first division
women’s basketball [5] and can explain 38.9%
of the variability in high-intensity shuttle performance in a basketball game in Tunisian men [7].
Others using change of direction tests to assess
agility also reported the effectiveness of these
assessments in differentiating levels of play [19,
26]. These results are not surprising considering
the rapid changes in movement and direction during the game of basketball.

1.2.5

Anthropometric Measures

A recent study indicated that a matrix of anthropometric measures labeled as length size, which
included wingspan, hand length, standing reach,
hand width, and body weight, was more important for predicting future performance of basketball players in the NBA than power/quickness or
upper-body strength [6]. These results probably
reflect the physical similarity among the players invited to the combine in speed, strength,
and vertical jump ability. Other studies have
also demonstrated the importance of anthropometry in differentiating players of differing levels of ability in women [5] and adolescent [24]
basketball players. Garcia-Gill and colleagues
[5] reported that elite women’s Spanish League
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basketball teams that were more successful at
the end of the competitive season tended to be
taller with larger wingspans and a lower body
mass index. However, no significant differences
were detected for these variables. Skinfold thickness was the only anthropometric variable that
differed significantly between the teams, with
the lowest skinfold thicknesses observed in
the highest ranked teams. Table 1.2 depicts the
anthropometric measures, including length size,
in basketball players participating in the NBA
combine from 2000 to 2015. Each position differed from each other in height, body weight, and
wingspan. This is consistent with other studies
comparing anthropometric measures between
basketball playing positions [25].
Body composition in NBA players also differed between positions (see Table 1.1). Guards
and small forwards appeared to be leaner than
both power forwards and centers. However, all
players were quite lean. An 8- to 9-year study
in men and women NCAA Division I basketball players (n = 127 and n = 196 in the men
and women, respectively) revealed that the body
fat composition of guards and forwards for the
men was 8.6 ± 3.3% and 14.9 ± 4.8%, respectively [27]. Body fat composition of guards and
forwards for the women was 19.2 ± 6.3% and
24.2 ± 5.7%, respectively. Differences between
the guards and forwards for both sexes were significantly different, which was similar to that
reported by others examining European professional basketball players [8, 11].
The ability to improve body composition may
be limited. Fields and colleagues [27] reported
that body composition values remained consistent

Table 1.2 NBA Combine anthropometric assessments between 2000 and 2015
Position
Point guards
Shooting
guards
Small
forwards
Power
forwards
Centers

Body weight
N
Height (cm) (kg)
203 184.7 ± 4.8a 84.4 ± 5.8a
202 192.5 ± 3.3b 92.3 ± 5.9b

Wingspan
(cm)
195.1 ± 7.1a
204.2 ± 5.6b

Body fat
(%)
6.7 ± 2.5a
6.9 ± 2.2a

191 199.4 ± 3.3c

98.1 ± 6.4c

210.8 ± 5.6c

259 202.9 ± 3.3d 107.9 ± 8.3d
145 208.5 ± 3.8e 113.5 ± 9.8e

Different letters indicate a significant difference

Hand length
(cm)
21.1 ± 0.8a
21.8 ± 0.8b

Hand width
(cm)
23.4 ± 1.5a
23.6 ± 1.8a

7.4 ± 2.3a

22.4 ± 1.0c

24.1 ± 1.5a, b

215.9 ± 5.3d

9.0 ± 3.1b

22.9 ± 1.0c, d

24.9 ± 1.5b, c

221.2 ± 5.8e

10.0 ± 4.2b

25.4 ± 0.8d

25.7 ± 1.8c
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across the athlete’s collegiate career. Interestingly,
the body composition reported in studies of male
basketball players in the past decade is comparable to that previously reported by Latin and colleagues [21], in which NCAA Division I guards
had a significantly lower body fat percentage
(8.4 ± 3.0%) than centers (11.2 ± 4.5%) but not
forwards (9.7 ± 3.9%). These positional differences likely reflect the greater mass needed by
centers to play the “low post” position, which
involves considerable body contact during boxouts, picks, and rebounding [1].
Take Home Message

Physical and anthropometric measures provide an important resource for coaches to
assist in talent identification. At the highest
levels of play, the differences in physical
performance ability (e.g., strength, power,
speed, and agility) may be quite minimal.
For those athletes, differences in anthropometric measures such as height, body
weight, wingspan, and hand length may
take on greater significance.
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Activity and Physiological
Demands During Basketball Game
Play
Zoran Milanović, Emilija Stojanović,
and Aaron T. Scanlan

Basketball is an intermittent team sport with
frequent transitions between activities performed at low, moderate and high intensities [1].
Movements completed during basketball gameplay differ with respect to the structure, intensity, distance, frequency and duration at which
they are performed. In particular, pronounced
changes in movements occur when transitioning
between defence and offence [2]. Furthermore,
the given movement patterns during basketball
gameplay are punctuated with multidirectional
running and shuffling bouts, intertwined with
frequent jumps occurring almost every minute
[3, 4], which is more frequent than most other
team sports. Given the novel demands encountered during basketball games, many studies
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have quantified the activities and physiological
demands encountered to better understand the
requirements imposed on players.
It has been highlighted that the movement
profiles and physiological demands encountered
during basketball games have been augmented
following changes in game rules [2]. More precisely, FIBA rule changes in 2000 encompassed
shortened offence time after securing possession
of the ball from 30 to 24 s and reduced time to
advance the ball past the half-court after securing possession from 10 to 8 s, which have promoted higher intermittent demands than before
the change in rules [5]. Similarly, collegiate
(NCAA) rule changes involved reducing the shot
clock from 45 to 35 s in 1993 and then to 30 s
in 2015. For this reason, caution should be taken
when comparing data concerning the activity and
physiological demands encountered by players
during games before and after these rule changes
in specific competitions.
In addition to rule changes, it is important to
consider the methodologies used to quantify game
demands in basketball. Original time–motion
analyses [3, 5, 6] were based on topographic
methods involving drawing of player motion on
the court using cartographic coordinate maps to
determine the distances travelled. Despite the provision of useful information in early basketball
analyses, the cartographic method is based on the
subjective, visual interpretation of the researchers, which increases the risk of errors in quantify-
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ing the activity demands in basketball [7]. Since
this time, technological advancements have been
made to increase the accuracy and objectivity of
measurement regarding player activity during
games [2]. Semi-automated and automated video
tracking systems, radio-wave technology, and
microsensors housing accelerometers and other
inertial sensors have been extensively used in
modern research to assess player activity during
basketball games.
While the activities performed during basketball have been quantified using various methodologies, the physiological responses from players
have predominantly been quantified using blood
lactate concentration and heart rate measures [3,
5, 6, 8–20]. Blood lactate concentration provides
insight into the recruitment of rapid glycolysis
for energy provision [5], while heart rate is an
indirect indicator of oxidative metabolism [16].
Therefore, this chapter will consider the evidence
quantifying the activity demands along with the
physiological responses in basketball to provide
a complete picture of the movement profiles and
underpinning internal stress typical of gameplay.

2.1

Activity Demands

2.1.1

Distance Covered

The distance covered during basketball gameplay
represents an important parameter for coaches
and performance staff to develop specific training programmes to optimally prepare players for
the demands of gameplay [21]. Aside from total
distance, it is also necessary to quantify the distance covered completing different types of activities performed at different intensities (Fig. 2.1)
[2]. A recent systematic review showed studies
on this topic have reported that players cover
between 4.40 and 7.56 km during basketball
games across various competitions and playing
levels [2]. However, despite this wide range in
data, the average distance identified in the majority of studies is between 5 and 6 km during games
lasting 40 min [2].
Examining player responses during total
playing time, inclusive of the inherent recovery

Distance covered by categories (m)
2000

Male
Female

1500
1000
500
0

Stand/Walk

Jog

Run

Sprint

Fig. 2.1 Distance covered performing various types of
activity during total game time in male and female basketball players [2]

opportunities available to players across games,
is equally important in the development of ecologically valid training plans and testing protocols.
Some studies [10, 22] have analysed the live (during active periods of play) and total (during active
periods of play and stoppages such as when the
ball is out-of-bounds or during free-throws) distance covered together. Analyses show that greater
total distance (7558 ± 575 m) is covered during
total game time involving 1720 ± 143 m completed
undertaking low-intensity activities (standing and
walking) [10], compared to only live game time
(5140–6390 m) with only 484–586 m travelled at
low intensities [4, 23] (Figs. 2.2 and 2.3).
Due to the differences in the time–motion
analysis procedures adopted across studies and
variations in individual playing time within
and between teams, relative distance (m/min)
measures allow for more accurate comparisons
according to sex, playing level and seasonal
phase. In this regard, both male and female basketball players, across various competitions and
playing levels, cover ~130 m/min during live
gameplay and ~110 m/min during total gameplay [2]. Variations between live and total relative game distance data emphasise the potential
impact of stoppages on the recovery of players.
Furthermore, relative distance data might reveal
temporal changes in activity demands across
game quarters that are not detected using absolute
distance data. Specifically, systematic analysis
[2] reveals significant reductions only in relative distance across game quarters, with fatigue-
related mechanisms and tactical play potentially
underpinning this trend.
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Fig. 2.2 Total absolute (a) and relative (b) distance covered during total game time in male and female basketball players [2]
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Fig. 2.3 Distance covered relative to playing period during total game time in basketball [2]

Existing analyses also indicate various differences in total distance covered during gameplay between playing positions. It is evident that
each playing position in basketball holds different role requirements, which appear to induce
position-specific activity demands. For instance,
Hůlka et al. [11] reported that national, male
basketball guards (6635 ± 221 m) cover significantly greater distances during games compared
to small forwards (6016 ± 448 m) and centres (5225 ± 659 m). On the contrary, Oba and
Okuda [22] observed that point guards (5455 m)
and centres (5433 m) demonstrated less overall
distances than shooting guards (5566 m), small
forwards (5681 m) and power forwards (5897 m)
in female basketball players (standard deviation
not reported). Furthermore, other analyses have
also grouped players as backcourt (guards) or
frontcourt (forwards and centres) positions [4,
8, 23]. These data indicate that professional,
male, backcourt players (5288–6390 m) travel

greater distances compared to frontcourt players (4976–6230 m) [4, 8, 23]. Reasoning for the
positional differences in distance data across
studies is that during the transition phase up and
down the court, shooting guards and forwards
typically travel down the court positioned near
the sidelines, increasing the distance travelled.
Moreover, centres usually cover less distance
during defensive passages being positioned close
to the basket compared to other positions involving wider coverage of the court such as when
guarding direct opponents trying to create space
off the ball via cutting manoeuvres and screens.
Conversely, the lower distances covered by point
guards and centres reported by Oba and Okuda
may relate to these positions transitioning up and
down the middle of the court in more direct, linear movement paths [22].
Comparisons in the distance covered according to playing level show some clear differences
when activity distance data are analysed according
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to intensity. Despite similar total distances covered across different competition levels (e.g. high
school vs. university [22], semi-professional vs.
professional [4], and national vs. international [9]),
pronounced differences were apparent for highintensity activities [4, 22]. Specifically, professional
male basketball players jogged (1.0–3.0 m/s) and
ran (3.1–7.0 m/s) for significantly greater distances
than semi-professional basketball players, whereas
semi-professional basketball players covered larger
distances sprinting (>7.1 m/s) than professional
players [4]. Various factors may underpin differences in distances covered according to intensity
categories between playing levels including team
tactics, game structure, player fitness and preparedness, and playing style [4].
Differences in relative distance covered
according to the geographical region of various
competitions in Australia, Tunisia, Slovenia and
Japan reveal some interesting trends that may also
be related to the tactics and playing styles adopted
by teams. Accordingly, semi-
professional and
professional male and female players in Australia
(126–133 m/min) [4, 8, 23] cover larger relative
distances than in other regions, such as professional male players in Slovenia (110 m/min)
[24], high school, collegiate and national female
players in Japan (93–101 m/min) [22], and junior
Tunisian male players (115 m/min) [10]. As indicated earlier, longer games with more frequent
stoppages reduce the relative distance covered,
making it difficult to establish definitive conclusions given these factors varied across studies.
Despite only one study directly comparing distances covered during games between male and

Activity frequencies (n)

2.1.2

Activity Frequency

Activity frequency during basketball gameplay
provides an indication of the intermittent activity profile encountered by players (Fig. 2.4).
These data can be used by basketball coaches
and performance staff to design precise training
plans representative of actual game demands. On
average, basketball players change activity types
during games every 1–3 s, with the relative rate
of changes in activity frequency varying between
21 and 57 movements/min [2] (Fig. 2.5). Activity
frequencies have been shown to remain relatively
consistent across game quarters (435 vs. 433 vs.
429 vs. 459 movement/min) as well as halves
(864 vs. 886 movement/min) in national female
basketball gameplay [8].
Basketball playing positions necessitate specific fitness attributes and skills which may yield

Male
Female

500

female basketball players competing at the same
playing level, preliminary results indicate no substantial differences in relative distance according
to player sex (male, 110–132 m/min, vs. female,
125–136 m/min) [23]. More in-depth analysis of
these data revealed that the semi-
professional,
Australian, male basketball players covered significantly greater distances dribbling the ball, while
female players completed significantly larger
running distances [23]. Due to the limited data
available, basketball coaches and performance
staff should interpret sex difference findings with
caution when planning sex-specific training plans
until more comprehensive evidence is available.
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Fig. 2.4 The activity frequencies for various types of activities according to sex during total game time in basketball [2]
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Fig. 2.5 Absolute (a) and relative (b) activity frequencies according to sex during total game time in basketball [2]

variations in the activity frequencies performed
during gameplay. In this regard, evidence suggests that backcourt players perform more overall movements [3–5, 8], with significantly more
dribbling bouts during games compared to frontcourt players (66 vs. 21) [8].
Comparisons between playing levels show
that national male players complete 1000 ± 27
changes in activity types per game, while international players undertake significantly more
movements (1105 ± 74) [9]. In contrast, non-
significant differences were apparent between
semi-professional and professional male players
executing 41 movements/min and 57 movements/
min, respectively [4]. Further evidence suggests
that higher playing levels involve more frequent
high-intensity activities such as sprints and
high-intensity shuffles. Specifically, Abdelkrim
et al. [9] reported that junior international, male,
Tunisian basketball players performed significantly more high-intensity activities compared
to national players. The greater intermittent
demands evident at higher playing levels emphasise the importance of implementing training
plans targeting acceleration and deceleration
abilities for adequate player preparation to cope
with game demands at the highest levels [25, 26].
Geographical comparisons also show some
prominent differences between competitions
played in various continents with a higher frequency of activities performed by basketball
players in Australia [4, 8, 23] compared to players in Europe [13, 27–29] and Africa [3, 9]. The
higher frequency of movements in Australian
competition may be related to methodological

approaches in the studies conducted on this topic,
given additional activities engaging upper-body
and dribbling movements were included in the
analyses of Australian players but not for other
regions.
Differences in physical attributes (body mass,
body height and arm span) and fitness characteristics (muscular strength, explosive power, speed,
endurance and agility) between male and female
basketball players suggest that differences in
activity frequencies during games might exist
between sexes [21]. Female basketball players
[13, 27] demonstrate lower activity frequencies
during games compared to male players [3, 5,
9]. The available data show that male basketball
players perform 758–2749 movements per game,
while female basketball players perform 576–
1764 movements [2]. However, direct comparison between semi-professional male and female
players at analogous playing levels showed
greater dribbling contribution in male players (1.5 vs. 0.8 movements/min), while females
performed more frequent running bouts (7.3 vs.
7.0 movements/min) [23].
The lack of clear standardisation procedures
across studies likely exerts an important effect
on the resultant relative activity frequency data
reported across studies and should be acknowledged [23]. Different studies have adopted varied approaches in categorising activities to detect
frequencies during games. For example, some
studies have incorporated dribbling and activities engaging upper-body such as blocks, jumps
and defensive tasks [4, 8, 23], while others have
not included these categories and focused solely
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During basketball games, players undertake various types of activities for different proportions
of playing time. For instance, 23–66% of playing time is spent standing/walking, 6–36% jogging, 5–33% running, 0–9% sprinting, 2–15%
shuffling at low intensities, 7–20% shuffling at
moderate intensities, 0–9% shuffling at high
intensities, 1–2% jumping and 1–11% dribbling
[2]. Despite low-intensity activities occupying
the greatest proportion of playing time during
basketball games, numerous situations occur

relying on high-intensity movement passages
(Fig. 2.6) [9].
Particular attention should be given to positional differences in activity duration data during
basketball gameplay, given male backcourt players (sprint: 5.9%; high-intense shuffle: 9.3%)
have been shown to spend more time sprinting and
performing high-intensity shuffling compared to
frontcourt players (sprint: forwards 5.4%, centres 4.5%; high-intense shuffle: forwards 9.2%,
centres 7.9%) [3]. Also, female backcourt players spend less time (28.4%) undergoing standing and walking compared to centres (31.8%)
[8]. Physical attributes such as height and body
mass, as well as reduced aerobic fitness typical
of players occupying the centre position compared to other positions, may contribute to the
greater proportion of playing time spent engaged
in low-intensity activities for these players [30,
31]. Furthermore, temporal comparisons show
reduced variability in the proportion of playing
time performing high-intensity activities across
quarters in male semi-professional players compared to professional players [32]. This finding
might have been underpinned by the greater stoppage durations during games and longer periods
of low-intensity activities in semi-
professional
players, enabling greater recovery and maintenance of high-intensity activities.
To date, consistency in findings regarding the
proportion of time spent engaged in different
activities across different playing levels is lack-

a

b

on locomotive activity and jumps [2, 3, 5, 9, 12,
13, 27]. Furthermore, some studies categorise
activities according to speed [4, 8, 23], whereas
others categorise activity based on descriptive
criteria [3, 5, 9, 12, 13, 27]. Moreover, the analytical approaches used to quantify the activity
demands of players in some studies utilise frameby-frame methods, which can be much more sensitive to the change of speed and thus detection
of new activities (and frequencies) compared
to semi-
automated video tracking systems or
the cartographical method [3, 5, 9, 12, 13, 27].
Therefore, indirect comparisons across studies
possess notable limitations, thus highlighting the
need to adopt a consensus in the methodological approaches used in determining activity frequency in future research.

2.1.3

Activity Duration
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Fig. 2.6 Average activity duration (%) for various types of activities in male (a) and female (b) players during total
game in basketball [2]
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ing. For instance, some authors have found that
high-intensity activities are more expressed in
male international players than national players
(sprint: 6.0 vs. 4.9%; high-intense shuffle: 9.3
vs. 8.1%) [9], whereas other data indicate that
male semi-professional players spend more time
sprinting compared to professional players (4.0
vs. 0.4%) [4]. Reasons for variations in findings
might relate to the relative discrepancies in the
physical preparedness of players across playing
levels that are directly compared. Furthermore,
discrepancies in decision-making and technical abilities across comparative groups may also
underpin the varied findings, given better control
of the ball reduces turnovers and subsequently
the number of high-intensity transitions up and
down the court [4].
While the wide range of activity categories
implemented across studies make comparisons
difficult, recent systematic evidence [2] demonstrated that the proportion of time spent standing, walking, and jogging is similar regardless of
geographical regions. In contrast, the proportion
of playing time spent sprinting and engaging in
other high-intensity activities differs between
geographic regions [2]. Specifically, basketball players in Tunisia execute more sprints and
high-intensity shuffle activities than players competing in Australian and European competitions.
Despite different total game durations
between many male and female basketball competitions, similarity in the proportions of playing
time spent performing various types of activities
is apparent. Specifically, standing, walking and
running occupy similar proportions of playing
time in male and female basketball players irrespective of playing level [6, 23]. However, male
players spend significantly more time dribbling
than female players (5% vs. 4%) [2].
The proportion of activities performed at
lower intensities, especially standing and walking [33], represents important passages in basketball games, given they enable recovery following
more intense periods [34]. In this regard, passive
recovery is recommended as the most efficient
method for restoring myoglobin and haemoglobin oxygen stores, and improving the ability to
execute intermittent activity [35]. Indeed, fluc-
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tuations in the activity demands across gameplay reflect less performance of high-intensity
movements and increased dribbling as games
approach full time [32]. For this reason, coaches
are encouraged to strategically provide recovery
opportunities such as substitutions, deliberate
fouling and timeouts for the maintenance of high-
intensity activities in latter key stages of games.
Inconsistencies in the methodological approaches
used to quantify activity durations across studies
should also be considered when interpreting the
existing data, given some studies included additional activities such as sideways movement,
striding and static actions [9, 10], while others
disregarded movement intensity when quantifying dribbling activity [4, 8, 23]. Moreover, the
wide range in thresholds to demarcate activity
categories according to speed directly impacts
the amount of playing time performing different movement types. For example, some authors
combine running and moderate speed running as
one category [4, 8, 24], while others use separate
categories for these measures becoming more
sensitive to detect changes in speed [2, 9].

2.2

Physiological Demands

2.2.1

Blood Lactate Concentration

Blood lactate concentration is frequently used
to assess the physiological responses of players during games as it indicates energy provision from rapid glycolytic metabolic pathways
[9, 13]. Average blood lactate concentration
reported in basketball players during gameplay
ranges between 3.2 and 6.8 mmol/L, with the
mean blood lactate concentration slightly above
50% of the maximal response [2]. Temporal
trends across games reveal that blood lactate
concentration decreases in the second half compared to the first half (Fig. 2.7) [13, 14, 36]. The
reductions in blood lactate concentration across
game periods may be related to a slower game
pace due to increased importance being placed
on each possession and more frequent stoppages being encountered enabling greater lactate clearance [2].
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Fig. 2.7 The blood lactate concentration responses to
total basketball game time relative to playing halves [2]

Considering backcourt players spend more time
engaging in high-intensity activities compared to
frontcourt players during games, the higher blood
lactate concentrations reported in male (6.4 vs.
4.9 mmol/L) and female (5.7 vs. 4.0 mmol/L) players occupying guard positions compared to other
positions may be expected [3, 14]. Likewise, the
increased frequency of activities during games at
higher playing levels may contribute to the higher
blood lactate concentrations evident in international male players compared to national players
(6.1 vs. 5.0 mmol/L) [9]. In contrast, similar blood
lactate concentrations were reported between
international and national female players (5.0
vs. 5.2 mmol/L) [14], which might be due to the
lower activity frequencies executed during female
gameplay compared to male gameplay [13, 27]
nullifying differences in lactate production due to
repeated changes in movement intensities.
Interestingly, the highest mean blood lactate
concentration reported in basketball players
(6.8 ± 2.8 mmol/L) was observed in Australian
male players prior to the aforementioned rule
changes when total activity distance, frequency
and duration were lower compared to modern
competitions [2]. In contrast, a recent study [8]
reported the lowest blood lactate concentrations in Australian, female basketball players
(3.7 ± 1.5 mmol/L). In addition to these data
reported for players competing in Australian
basketball competitions, male Tunisian (5.0–
5.8 mmol/L) and female European players
(4.2–5.7 mmol/L) showed more consistent blood
lactate concentrations during gameplay [2].
Despite the higher variability among the players in various positions, gender comparisons sug-

gest male and female players experience similar
blood lactate concentrations during basketball
games. Specifically, average blood lactate concentrations range between 3.2 and 6.8 mmol/L in
male players and between 3.2 and 5.7 mmol/L in
female players during games.
The relatively high blood lactate concentrations observed in analysed studies indicate an
important anaerobic metabolic contribution and
a necessity for training prescription aimed at
building rapid glycolytic capacity such as high-
intensity interval training, shuttle running and
repeated-sprint drills. However, it should be noted
that development of aerobic capacity during
training also plays an important role for energy
provision during various game activities, maximising lactate clearance during recovery periods
[37], and assisting phosphocreatine regeneration
[38]. For these reasons, training plans should
stress anaerobic and aerobic pathways for optimal metabolic preparation in players to cope with
the array of physiological stress encountered during games. However, the existing basketball literature relies on opportune measurement of blood
lactate concentration across games, which should
be considered when interpreting the reported
findings since blood measures appear unrelated
to muscle lactate concentrations [39], whereby
lactate clearance is higher in muscles during
recovery [39, 40]. Furthermore, the different
activity profiles performed directly before blood
sampling greatly impact the obtained results and
likely create variations in the concentrations
reported across players.

2.2.2

Heart Rate

Heart rate (HR) is one of the most commonly implemented parameters for monitoring
physiological stress during basketball games.
Measurement of player HR responses can serve
multiple purposes including training prescription,
identifying adaptations in fitness and detecting
an intolerance of demands indicative of nonfunctional overreaching [16]. Furthermore, realtime HR data can inform tactical decisions during
games in optimising use of timeouts, substitutions
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or deliberate stoppages (e.g. fouls) to amplify
recovery opportunity in players [41].
Average HR varies between 132 and 165 beats/
min during total game time and between 161 and
186 beats/min during live game time in male and
female basketball players [2]. Conversely, average relative HR ranges between 67 and 89% of
HRmax during total game time and between 82%
and 95% of HRmax during live game time, indicate
that significant cardiovascular stress is placed on
players during games [2]. It is also important to
determine the percentage of time spent working
in different HR intensity zones. It is considered
that 85% of HRmax is a useful threshold to identify
high-intensity activities. In this regard, both male
and female players spend ~75% of live playing
time in activities eliciting HR responses ≥85%
of HRmax [2]. Across games, HR is significantly
lower in the second half than in the first half [12,
15] and in the last quarter when compared to
other quarters [3], showing a reduction in cardiovascular intensity with game progression.
Positional analyses show that the highest HR
values are recorded in male and female backcourt players compared to frontcourt players
in most instances [3, 8, 11, 14–16]. Despite the
fact forwards spend more time engaging in high-
intensity activities than centres during games,
equivalent HR responses have been reported during games across these playing positions [3, 16].
Similar HR between forwards and centres may
relate to the higher static movement demands of
centres elevating HR throughout games such as
when screening, blocking and maintaining inside
position against opponents. Accordingly, intense
static activities should be included when quantifying activity demands in players where possible
since they likely contribute additional physiological stress in players during games.
Similar to positional analyses, HR discriminates players competing at different playing
levels [8]. Specifically, international players
have demonstrated higher average relative HR
(95 ± 2% of HRmax) compared to national players (91 ± 2% of HRmax) [2]. International competition also elicited a greater proportion of time
spent working at ≥85% of HRmax in comparison
to national competition (international: 77 ± 4%;

21

national: 70 ± 6%) [9]. These data likely reflect
a greater continuity in activity with less frequent
intermittent spikes in intensity at lower playing levels [9]. Moreover, comparisons across
separate studies show that average HR in professional, female basketball players ranges between
91% and 95% of HRmax [14], which is notably
higher than semi-professional, female players
(82–89% of HRmax) [8].
Comparisons between sexes show that average HR is similar in male (84–94% of HRmax) and
female basketball players (82–95% of HRmax)
during games, indicating that a similar cardiovascular stress is encountered [2]. However, there is
no study directly comparing HR response during
match play in male and female basketball players at an equivalent playing level in the same
geographical region. Therefore, the similarities
in average HR between sexes should be further
investigated directly in comparable male and
female players in future research. Similar to sex
comparisons, HR data across studies show that
similar average responses are evident during
basketball games played in different geographical regions [2]. Moreover, the proportion of
live playing time spent at ≥85% HRmax is alike
in Europe (75%), Australia (75%), and Tunisia
(74%) [2], demonstrating similarity in terms of
the cardiovascular intensity attained in competitive basketball across the world.
Various factors have been shown to directly
affect HR responses during basketball gameplay including the initial fitness status of players,
intensity of the game, team tactics, playing position, playing level and playing time [2]. In addition, many indirect factors may also affect HR
and require consideration such as the nutritional
status and hydration of players, psychological
states and environmental aspects such as spectator presence and temperature [14]. Team tactics
may explain transient changes in HR responses
across game periods with increased timeouts
and stoppages (e.g. fouls) typically occurring in
latter game stages providing players with additional recovery and reducing HR responses.
Furthermore, team tactics in the form of substitutions patterns may also impact HR, with substitutions lowering the HR response across games for
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example. Even though low- to moderate-intensity
activities predominate in basketball games, periodic bursts of high-intensity activities increase
HR, which subsequently remains elevated for
substantial periods [5]. Moreover, additional
activities engaging the upper body such as throws
and jumps and maintaining physical resistance
against opponents [3, 5], as well as extended
demands associated with the changes in activity
speed and direction [42], can also exacerbate HR
responses during games.

• Most of the playing time (~75%) during
basketball games is spent performing
activities eliciting HR responses ≥85%
of HRmax in male and female players.
• Substitutions, deliberate fouling and
timeouts may be effectively used to
increase stoppage time in the later key
stages of games for the maintenance of
high-intensity activities.
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Endocrine Aspects in Performance
and Recovery in Basketball
Alon Eliakim and Dan Nemet

3.1

Introduction

The efficiency of training depends on the exercise
load as well as on the athlete’s ability to tolerate it,
and imbalance between the two may lead to underor overtraining. Thus, in recent years, efforts are
made to develop objective methods to determine
the fine balance between training load and the
athlete’s tolerability. The endocrine system, by
modulation of anabolic and catabolic processes,
seems to play an important role in the physiologic
adaptation to exercise training [1]. Interestingly,
exercise is associated with remarkable simultaneous changes in anabolic (e.g., growth hormone
(GH), insulin-like growth factor-1 (IGF-I), and
testosterone) and catabolic hormones (e.g., cortisol) and inflammatory cytokines (e.g., interleukin-6 (IL-6)), and the exercise-related response
of these markers can be used to gauge exercise
load [2, 3]. Measurements of the ratio of testosterone to cortisol [4] as well as IGF-I and IL-6
levels [5] are used occasionally as indicators of
the anabolic–catabolic balance in order to determine training strain and to quantify the effects
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of training. Dominance of the anabolic response
will ultimately lead to greater muscle mass and
improved fitness, while prolonged domination of
a catabolic response, in particular if combined
with inadequate nutrition, may eventually lead to
overtraining and injury. It is suggested therefore
that the assessment of changes in these antagonistic mediators may assist in quantifying effects of
different types of single and prolonged exercise
training methods and recovery modalities.
Interestingly, the majority of previous studies were done in individual sports, and relatively
few studies examined the changes in anabolic/
catabolic hormones in elite team sports during a
competitive season in “a real-life” setting. This
chapter summarizes the current knowledge on the
effect of team sports, and in particular basketball,
on these markers and suggests possible ways
to use these responses in assisting competitive
team-sport athletes and coaches to better evaluate
training load and optimize training.

3.2

The Anabolic–Catabolic
Systemic-Local Training
Model

Previous studies have suggested the hypothesis
that a sudden imposition of a training program
which is associated with substantial increase in
energy expenditure leads initially to an increase
in catabolic hormones and pro-inflammatory
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cytokines, and as a consequence, to decreases in
IGF-I levels. Furthermore, if the training adaptation is successful, the pro-inflammatory cytokine levels drop, and with that decrease, the
suppression of IGF-I diminishes, and an anabolic “rebound” ensues, leading to IGF-I level
that exceeds the pretraining level [6]. Exactly
how and when this transition/change occurs, and
whether the initial catabolic-type stage is necessary for the ultimate anabolic training adaptation
(“training effect”) remains unknown.
Interestingly, previous studies have also
shown that despite the early decrease in circulating IGF-I levels, training may induce increases
in muscle mass. This suggested that the effect of
exercise on local muscle tissue growth factors differs from its systemic effects. Moreover, exercise-
related increases in local muscle IGF-I occurred
also when GH was inhibited [7, 8] emphasizing
the GH independence of the “local” IGF-I anabolic adaptations to exercise. Simultaneous central catabolism and local anabolism may hold an
advantage early in the adaptation to increased
physical activity. This adaptive mechanism may
reduce global anabolic function in order to conserve energy sources, but it still allows for local
tissue growth in response to exercise training
(Fig. 3.1). Consistent with this speculation is
what occurs following intense exercise training

Local response
Systemic response
IGF-I

Baseline levels

Training duration

Fig. 3.1 Systemic and local adaptations of IGF-I to exercise training. Systemic IGF-I response is composed of an
initial catabolic-type response with a decrease in IGF-I
levels, which with proper training is followed by a
rebound increase in IGF-I levels. On the other hand, muscle IGF-I usually increases from the early stages of
training

in nutritionally, self-deprived, young elite athletes (e.g., female gymnasts [9]), where muscle
adaptation occurs despite attenuated somatic
growth and reduced circulating IGF-I.

3.2.1

Effect of Single Exercise

Basketball games and practices are characterized by numerous bursts of explosive activities, including jumping, turning, sudden/quick
accelerating and decelerating, and short distance
sprinting. During a typical match, players perform around 1000 different activity types with
change in movement pattern every 2 s, around
100 short sprints (mean duration 1.7 s, every
20 s), between 40 and 65 jumps and around 60
direction changes [10, 11]. Previous studies have
consistently suggested that success in basketball
appears to be more dependent upon the player’s
anaerobic rather than aerobic capabilities, and
anaerobic fitness components (e.g., sprint time
and jumping height) were found to best discriminate between the league standing of top and bottom teams [12]. Therefore, basketball coaches
and players should concentrate on training methods that enhance these fitness components.
Nunes et al. [13] studied the effect of three
different resistance training schemes (endurance,
strength-hypertrophy, and power) on salivary cortisol and testosterone in female basketball players. Cortisol levels increased after all schemes
but mainly following the strength-
hypertrophy
session, suggesting that high-
volume resistance exercise schemes lead to higher metabolic demands and therefore to greater cortisol
response. The authors suggested that changes in
cortisol can be used as a tool to monitor training
strain. There was no change in testosterone levels
following resistance training among the female
basketball players. Very few studies examined
the effect of team sports training of testosterone
levels in female athletes. Consistent with Nunes
et al. findings [13], no significant changes in circulating testosterone and salivary testosterone
levels were found in elite female players following an intense water-polo practice and handball
match, respectively [14, 15]. In contrast, serum
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ture, metabolic demands (e.g., lactate levels)
increase gradually and are highest toward the
end of practice, while in the decreasing distance
protocol, metabolic demands are higher from the
start and throughout the session [19].
It was shown that a typical constant distance
(4 × 250 m) interval training led to a significant
increase in GH and testosterone levels in elite
young national team-level male handball players [19]. Increases in GH and testosterone levels
following a brief sprint interval practice suggest
exercise-related anabolic adaptations. In addition, the interval training session was also shown
to be associated with an increase in the pro-
inflammatory marker interleukin-6 (IL-6), indicating its possible role in the postexercise muscle
damage healing process and suggesting that anabolic, catabolic, and inflammatory markers may
be used to assess interval training load as well.
More recently the effect of increasing (100–200–
300–400 m) and decreasing distance (400–300–
200–100 m) sprint interval training protocols
on the balance between anabolic, catabolic, and
inflammatory mediators was also studied among
handball players [19]. Both sprint interval training types led to a significant increase in lactate,
GH, and IGF-I. Interestingly, lactate levels and
GH area under the curve (representing total GH
3.2.2 Effect of Interval Training
levels secreted) were significantly greater in the
decreasing distance session. In contrast, rate of
Interval training is one of the most common perceived exertion (RPE), a quantitative measure
training methods used in anaerobic and aerobic- of activity/exercise intensity in sports, was higher
type sports [18]. The intensity of interval train- in the increasing distance session. Thus, despite
ing depends on the running distance (short a similar overall running distance, running speed,
versus long sprints), running speed (percent of and total resting period in the two interval trainmaximal speed), the number of repetitions, and ing sessions, the decreasing distance interval
the length of the rest interval between runs. In was associated with a greater metabolic (lacaddition, coaches and athletes very often change tate) and anabolic (GH) response. Interestingly,
the interval training structure, for example, by these greater metabolic and anabolic responses
using either constant running distances (e.g., were not accompanied by an increase in RPE,
4 × 250 m), increasing distance sessions (e.g., suggesting that physiological and psychological
100–200–300–400 m), decreasing distance ses- responses to interval training do not necessarily
sions (e.g., 400–300–200–100 m), or a combina- correlate. When the players were asked to explain
tion of increasing–decreasing distance interval why the increasing distance training protocol was
sessions (e.g., 100–200–300–200–100 m). While perceived as more intense, they replied that the
these structure differences may seem negli- fact that the longest and hardest run (400 m) was
gible, they may involve different physiological only at the end of the session was more difficult
demands since in the increasing distance struc- to tolerate. Coaches and athletes should be aware
testosterone levels were increased among adolescent male and female volleyball players following routine morning practice [16]. Interestingly,
baseline and postexercise testosterone levels
were significantly higher in males compared with
females. However, training was associated with
an increase in testosterone levels in both genders,
and the response to training was not significantly
different between genders. These results suggest
that an increase in testosterone levels may play
an important role in the anabolic response to
exercise in female players as well. In contrast to
male athletes, in which the source of the exerciseinduced testosterone production is testicular, in
female athletes, testosterone is produced mainly
by the adrenal gland.
The effect of a single 90-min routine morning
practice on salivary cortisol levels was studied
among male adolescent basketball and volleyball players [17]. Cortisol levels decreased significantly in both groups representing probably
cortisol diurnal variation (higher levels in early
morning and decrease throughout the day onto
the lowest levels at midnight), and emphasizing
some of the interpretation complexity of the hormonal response to exercise.
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of these differences, as well as the need for specific recovery adaptations after different types of
interval training sessions. Differences in physiological and psychological responses to competitive sport training and their influence on the
training course and recovery process should also
be addressed.
In basketball, small sided games (SSG) are
frequently used in training. SSG can be practiced also as interval training. The effect of different tactical tasks (offensive and defensive)
and training regimens (short and long) SSG on
cortisol and testosterone was previously studied.
An increase in cortisol was found following all
SSG sessions. However, testosterone increased
following a defensive-focused long (3 × 4 min
bouts with 2 min rest in between) practice and
decreased following an offensive-focused short
(6 × 2 min bouts with 1 min rest in between) session, suggesting that different regimens lead to
different anabolic adaptations [20].

3.2.3

Endocrine Aspects
in Recovery

The development of methods to enhance the
recovery of elite athletes from intense training
and/or competition has been a major target of
athletes and their accompanying staff for many
years. Quality sleep, for example, is considered
essential for optimizing recovery from training.
Melatonin (N-acetyl-5-methyoxytriptamine) is an
important factor in quality sleep. It is synthesized
from serotonin in the pineal gland, with sleep
being initiated when there is a concomitant rise in
melatonin and a decline in body temperature [21].
The use of 30-min red-light whole body irradiation (Photobiomodulation) for 14 nights was
shown to be associated with higher melatonin
levels, improved sleep quality, and endurance
performance among elite Chinese female basketball players [22].
Another widely used modality to treat sports-
associated traumatic injuries and for recovery
from training and competition that may cause
some level of traumatic muscle injury is cryotherapy [23, 24]. However, evidence regarding the

effectiveness and appropriate guidelines for the
use of cryotherapy are limited. The effect of cold
ice pack application following a brief sprint interval training on the balance between anabolic, catabolic, and circulating pro and anti-inflammatory
cytokines in 12 male, elite junior handball players [25]. The interval practice (4 × 250 m) was
associated with a significant increase in GH and
IL-6 levels. Local cold-pack application was
associated with significant decreases in the anabolic factors IGF-I, and IGF binding protein-3
during recovery from exercise, supporting some
clinical evidence of possible negative effects of
cryotherapy on athletic performance [25]. These
results, along with no clear effect on muscle damage or delayed onset muscle soreness (DOMS),
may suggest that the use of cold packs should
probably be reserved for traumatic injuries or
possibly used in combination with active recovery and not with complete rest. However, this is
an example of how exercise-induced changes in
anabolic, catabolic, and inflammatory markers
may be used to solve the puzzle of optimizing
competitive training. Further studies are needed
to explore the beneficial use of anabolic, catabolic, and inflammatory markers measurement
in many other aspects of recovery from exercise.

3.2.4

Effect of Prolonged Training

Very few studies examined the effect of prolonged training on hormonal status in basketball
players. Eight weeks of either continuous running
(4.8 km, three times/week) or extensive interval
training (4 × 1.2 km, 3 times/week) were associated with similar improvements in both aerobic
and anaerobic power and with increases in GH
and cortisol levels [26]. Miloski and collaborators
examined the effect of training (5 weeks of intensified training followed by 3 weeks of tapering)
on mood state profile and performance among
two groups of adolescent basketball players that
were differentiated by baseline testosterone levels [27]. There were no mood state differences
between the groups; however, low testosterone
players displayed a higher fatigue score and lower
energy index score during training. Interestingly,
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improvements in endurance and agility were
not affected by pretraining testosterone levels,
suggesting that training-
associated changes in
anabolic hormones may be more important for
greater training effect than baseline testosterone
levels.
Measurements of hormones can also assist
athletes and coaches in the training preparation
for selected competitions. The effect of 4 weeks
of training on fitness, self-assessment physical
conditioning scores, and circulating IGF-I was
investigated in elite professional handball players
[28] during their preparation for the junior world
championships. Training consisted of 2 weeks of
intense training followed by 2 weeks of relative
tapering. Circulating IGF-I and physical conditioning scores decreased initially and returned to
baseline levels at the end of training. There was
a significant positive correlation between the
changes in circulating IGF-I and self-assessment
physical conditioning scores, suggesting that
players’ self-assessment might serve as a reliable
tool when laboratory assistance is unavailable.
Nunes et al. [29] studied the effect of 12 weeks
training before an international championship
among elite female basketball players. Training
included two phases of gradual increase in training overload (weeks 4–6, and weeks 8–10) and
two periods of tapering (week 7 and weeks
11–12). They found a significant improvement
in physical performance parameters at the end of
training prior to the championship. However, in
contrast to the previous reported changes in IGF-
I, no changes in salivary cortisol and testosterone
levels were found.
Tapering down the training intensity prior to
a competition is a well-known training methodology to help athletes achieve their best performance [30]. This strategy is indeed associated
with a parallel increase in circulating IGF-I
levels. Therefore, these measures may assist
coaches and athletes in their training preparations. Interestingly, sports that do not plan their
training for a specific targeted date, such as many
team sports that train in the same relative intensity throughout a regular season (e.g., basketball
and soccer), changes in IGF-I levels, and its major
binding protein IGFBP-3, were not found [31].
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In optimal conditions, during the tapering
of training intensity, IGF-I level will increase
above baseline levels and will be associated with
improved performance; however, this does not
always occur. Since IGF-I can be reduced by
nutritional imbalance and weight loss, it is possible that a deliberate decrease in body weight in
athletes who participate in weight category sports
(e.g., judo and wrestling), or even in team-sport
players prior to major tournaments, may prevent
further increase in this anabolic hormone above
baseline levels, and will be associated “only”
with a significant return to baseline [6, 32]. This
emphasizes the importance of proper nutritional
consulting/counseling along the training season. Previous studies in athletes demonstrated
training-associated negative correlation between
circulating IGF-I and Ghrelin (also known as
lenomorelin), a hormone that is secreted by the
stomach and pancreas, and is known to stimulate
hunger [33]. Moreover, decreases in Ghrelin and
Leptin, both known to mediate energy balance,
were found following 3-month preseason preparatory training in young female basketball and
handball players [34]. These findings suggest
that hormonal relationships play a mediating role
in training-induced associated energy balance,
appetite, body composition, and muscle performance changes.
Interestingly, despite decreases in circulating
IGF-I and the ratio of testosterone to cortisol during periods of intense training, performance may
still improve, as muscle mass increases [35–38].
This suggests that while changes in these measures are good indicators of an athlete’s overall
well-being and energy balance, they are not necessarily good indicators of an athlete’s performance. Presumably, it is the local muscle levels
of these hormones (in particular IGF-I), and their
autocrine or paracrine secretion, that is more
indicative of skeletal muscle performance [8, 39].
Tapering training intensity, however, was found
to be associated with both increased IGF-I level
and with further improvement of exercise performance in athletes [30, 40].
It is still unknown what should be the permitted decrease of IGF-I levels during periods
of heavy training, or what should be the opti-
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mal increase of this hormone during periods of
tapering down and reduced training intensity.
However, we believe that an inability to increase
circulating IGF-I levels and/or the testosterone/
cortisol ratio before the target competition should
be an alarming sign for both the athlete and his/
her coach that the athlete’s preparedness is not
optimal. Collection of baseline and trainingrelated hormonal changes, along with a comparison to the hormonal response in previous seasons,
and the knowledge and experience from past success may prove to be of significant importance as
well (Fig. 3.2).
One of the most important aspects is the effect
of training on the endocrine response to a single
practice. The hormonal response to a typical
60 min volleyball practice was assessed before
and after 7 weeks of training during the initial
phase of the season in elite national team-level
male and female players [40, 41]. In male players [41], training resulted in significantly greater
GH increase along with significantly reduced
IL-6 response to the same relative intensity volleyball practice. In female players [42], training
resulted in significantly lower cortisol and IL-6
increase to the same relative intensity volleyball
practice. These results suggest that during the
Total
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Fig. 3.2 The effect of a training season on total and free
IGF-I circulating levels. Following an initial decrease,
with proper recovery total IGF-I levels return to baseline,
while free IGF-I rebounded reaching an above baseline
level. With improper training recovery the IGF-I axis does
not recover, leading to unfavorable results/overtraining

initial phases of the training season, as training
progresses, along with the training-associated
improvement in power, anaerobic and aerobic
characteristics, part of the adaptation to training is that each practice becomes more anabolic
and less catabolic/inflammatory. Therefore, hormonal measurements may assist athletes and
their coaching staff in assessing training program
adaptations throughout different stages of the
competitive season.
Finally, serum IGF-I levels were found to be
significantly higher among basketball players
compared to racehorse jockeys [43]. Whether
this finding represents better conditioning of basketball players or simply reflects higher IGF-I
levels in taller individuals with a different body
composition is unclear.

3.2.5

Effect of Basketball Match

Changes in cortisol levels were assessed before,
at halftime and at the end of a basketball game
among national elite junior male players [44].
Serum cortisol levels were elevated at the end of
the first half and were still elevated at the end of
the game.
Inflammatory responses and muscle damage indices following a match were compared
between four popular elite level team sports
(i.e., soccer, basketball, handball, and volleyball). Soccer produced the greatest increases in
cortisol, IL-6, and in muscle damage indices,
while volleyball showed the smallest increases
compared to the other sports [45]. These findings suggest that basketball match play leads to
a relatively moderate stressful and inflammatory response among popular ball sports at the
elite level.
Arruda and colleagues [46] examined the
influence of the competition venue (home vs.
away) on hormonal responses in elite basketball
players. Pre-match salivary testosterone levels
were found to be higher when playing at home.
Pre-match testosterone and cortisol levels and
the percent change of these hormones during
the match were significantly related to somatic
anxiety in particular when playing at home.
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The authors concluded that competition playing
venue affects player’s anxiety state and hormonal
responses prior to elite basketball match, which
might influence players’ performance and consequently match outcome. Consistent with that,
higher cortisol levels were found prior to playing a difficult match compared to regular training
and to playing an easy match [47]. These results
suggest that playing against high-level opponent
may lead to greater psychological stress, likely
because the opponent level is perceived as threatening to the social status in a given hierarchy. In
contrast, no differences in match-related cortisol and testosterone increases were found when
playing against high-level opponent during a
regular season winning game compared to a winning playoff match for the championship [48].
The results suggest that when playing against
high-level opponent, players perceive their rival
as a status stability threat, regardless of the competition stage.
Circulating levels of testosterone and cortisol were measured during different phases in
four consecutive seasons in elite professional
Spanish league male players with special reference to playing time and players’ position [49].
Hormonal status was found to be playing-position dependent with “power forwards” (PFs)
showing the lowest testosterone levels and “small
Fig. 3.3 The exercise—
IGF-I success model.
Numerous factors are
involved in achieving a
favorable hormonal
response and optimal
performance
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forwards” (SFs) showing the highest cortisol levels. Players who played 13–25 min per game had
the highest testosterone levels and testosterone/
cortisol ratio. Calendric analysis revealed that the
most catabolic and stressful hormonal state (high
cortisol and low testosterone/cortisol ratio) was
during the months of March and April, which
represented the last third of the regular season.
Training staff should be aware that basketball
players who play more than 25 min or less than
13 min may need specific training interventions
to improve recovery processes or compensate for
the lack of stimuli, respectively. In addition, PFs
and SFs who play more than 25 min per game
may be more susceptible to develop overtraining
and even injuries during the last third of the competitive season.
These findings were consistent with a previous study [49] reporting that levels of free
testosterone (the bioactive hormone) and free testosterone/cortisol ratio increased from October
to December, but were significantly lower during March–April of the competitive season, also
supporting the suggestion that players and the
coaching staff should be more cautious during
this period (Figs. 3.3 and 3.4).
Mental exertion also plays an important
role in performance and should be addressed
by the athlete and coaches during training and
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balance
IGF-I/IL-6
Testosterone/cortisol
ratio
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Tournament
Environmental
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Match
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Reduced anabolic/catabolic ratio

>25 min/match

Small & power
forward
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overtraining & injuries ?

Fig. 3.4 Circulating levels of testosterone and cortisol
measured along different phases of the training season
suggesting that average match playing time (>25 min) and
time of the season (March–April) are associated with
catabolic-type hormonal profile which may increase player’s susceptibility to overtraining and injury

competition. Mental fatigue state was found to
affect technical performance of basketball players and to modulate endocrine and autonomic
responses [50].
Finally, 8 weeks of mindfulness training
markedly attenuated the increase in cortisol levels associated with competition period in wheelchair basketball players [51]. Whether this or
other methods of relaxation may apply for basketball players of different age groups and gender
and at all competitive levels remains to be further
studied.

3.2.6

Effect on Performance

Previous studies in Spanish top league basketball
players have shown that centers developed greater
positive mechanical impulse and achieved higher
maximal instantaneous power during jumping
and had higher testosterone levels compared to
guards [52]. It was suggested that adequate levels of testosterone are a prerequisite for explosive performance but not for aerobic capacity
in elite basketball players. A significant correlation was found between resting testosterone levels and vertical jump performance among elite
sprinters, handball, volleyball, and soccer male

and female players [53]. The results indicated
that testosterone levels can serve as a marker
of jumping performance among female players
as well, despite the significantly lower levels of
testosterone compared with males (less than 10%
of the men). In contrast, improvements in endurance and agility were not affected by pretraining
testosterone levels in male adolescent basketball
players [27], suggesting that during adolescence,
a time of global growth, increased muscle mass,
and anabolic spurt, other anabolic factors (e.g.,
GH and IGF) may compensate for the baseline
differences of testosterone and lead to beneficial
training effect.
Finally, previous studies have found that a
higher social rank was associated with higher
levels of IGF-I in both men and women, independent of a wide range of known confounders such
as age, ethnicity, body weight, nutrition, and exercise [54]. Recently, Bogin et al. [55] studied highlevel male and female competitive athletes from
different university team sports (men: lacrosse,
handball, rugby, and volleyball; women: football,
rugby, netball, and volleyball) and assumed that
what determines the social rank in this unique
social network is the level of success in sports
(and not the economic status). Therefore, the athletes were divided to “winners” and “loosers.”
The main finding of the study was that both preand post-competition IGF-I levels were about
11% higher among winners. There was no difference in the competition-related changes in IGF-I
levels between the groups, suggesting that it is
the baseline levels of IGF-I and not the change
in IGF-I levels during the competition that may
contribute to winning. This is the first study
that relates IGF-I levels with winning. It seems
that IGF-I levels integrate the multiple genetic,
nutritional, social, and emotional influences to a
coherent signal that regulates growth and possibly athletic performance. This suggests a novel
cycle: both single practice and prolonged training
increase IGF-I levels, which in turn increase the
chances of an athlete to win (Fig. 3.5). However,
future larger studies that analyze other types of
team and individual sports, and that better control for nutritional, training, and doping status are
needed to confirm this very interesting finding.
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IGF-I
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Single
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Increased IGF-I
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Fig. 3.5 The exercise–training–IGF-I cycle. With proper
training, both single practice and prolonged training
increase IGF-I levels, which in turn increases the chances
of an athlete to win
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• Average match playing time (>25 min),
playing role (small forwards and power
forwards), and time of the season
(March–April, last third) are associated
with catabolic-type hormonal profile
which may increase player’s susceptibility to overtraining and injury.
• Following training, along with the training-associated improvement in power,
anaerobic, and aerobic characteristics, a
single practice becomes more anabolic
and less catabolic and inflammatory.
• The anabolic adaptation to exercise may
be influenced by recovery modalities
(e.g., sleep and cryotherapy).
• A better anabolic profile (e.g., IGF-I and
testosterone/cortisol ratio) may be associated with favorable match outcome in
team sports like basketball.

Summary

Efforts to find objective parameters to quantify the
balance between training load and the athlete’s tolerance have been so far partially successful. The
complexity of hormonal responses to different exercise types in a variety of sports and during different phases of the competitive season has become
increasingly apparent in recent years. The evaluation of the hormonal response to exercise may be
used as a helpful objective tool to assess the physical strain of training in team sports like basketball.

Take Home Messages

• The endocrine system, by modulation of
anabolic and catabolic processes, seems
to play an important role in the physiological adaptation to exercise.
• The magnitude of the hormonal response
to exercise is influenced by the intensity
and type of sport, the athletes’ competitive level, and the timing along the competitive season.
• The balance between anabolic and catabolic responses to exercise may be used
to gauge exercise load in team sports.
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Biomechanics of Lower Extremity
Movements and Injury
in Basketball
Jeffrey B. Taylor, Eric J. Hegedus, and Kevin R. Ford

4.1

Introduction

Basketball is a multi-directional team
sport that places significant demands on the
Biomechanics refers to the study of movement lower extremity [1]. During sport activity, the
of a biological system through the methods of lower extremity serves as the primary means
mechanics. This chapter will focus on the biome- of locomotion, positioning an athlete’s body
chanics, both kinematics (motion) and kinetics in the most optimal location on the court.
(forces and torques), during basketball activities. These movements occur horizontally and verDepending on the quality and precision of data tically, making the ability to efficiently run,
needed, evaluative biomechanical methods can shuffle, cut, and jump of utmost importance
range from inexpensive visual observation with to the basketball athlete that strives for high
the naked eye to high-tech and expensive three- performance. Because demands are high, the
dimensional motion analysis cameras and force lower extremities can also be at high risk for
platforms. Movement analysis can focus glob- injury during basketball competition and pracally on the athlete in terms of activity demands tice. The repetitive nature and high volume of
or more specifically to an athlete’s joint loads or movement demands can place the basketball
muscle function. Thus, biomechanical data can athlete at risk of developing overuse chronic
provide insight for coaches and clinicians in their pathologies, while the high intensity of the
pursuit of optimizing performance or reducing sport promotes maximal exertion that can lead
the burden of injury through preventive and reha- to acute injury by potentially injurious forces.
bilitative practices.
Basketball is a physical game that can result
in various contact-related lower extremity injuries. In efforts to elucidate the lower extremJ. B. Taylor (*)
ity biomechanical considerations of basketball,
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this chapter will detail: (1) the global lower
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joint biomechanics during basketball-specific
Memphis, TN, USA
lower extremity movements, and (3) biomee-mail: jtaylor@highpoint.edu
chanical considerations of basketball-related
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lower extremity injuries.
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4.2

Movement Demands

There has been a substantial amount of evidence reported on the lower extremity movement
demands during basketball competition. These
demands have been analyzed retrospectively
using observational time–motion analysis or
computerized analysis of video footage and more
recently in real time using wearable technology
such as accelerometers, inertial measurement
units (IMUs), and global positioning system
(GPS) tracking sensors. The most frequently analyzed variables include straight-line running (distance, speeds, frequencies), non-sagittal plane
movements (lateral movement demands, accelerations, decelerations), and vertical demands
(jump frequency) [1]. These demands are dependent on player position, sex, and age and should
influence end-stage rehabilitation and return to
play testing after injury which will be discussed
in future sections of this chapter.

4.2.1

Total Distance

A standard international level basketball court
covers 420 m2, requiring athletes to travel significant distances when competing. Evidence
indicates that elite male players travel approximately 6150 m per game, while junior males
cover approximately 7500 m [1]. Females average slightly less distance than males, with elite
females covering an average of 5500–7000 m
per game and junior females covering 5500 m
[1]. Total distances covered are generally similar
between backcourt and frontcourt players, with
both covering between 125 and 134 m/min [2–5].

4.2.2

Straight-Line Running

Straight-line running is necessary to quickly
cover the length of the court. Basketball players
average anywhere between 18 and 105 sprints
(≥25 km/h) per game, with each sprint averaging 0.5–2.4 s, covering 4–9 m. Though frequent
(2–3 per min [6]), these sprints only account for
2–6% of total game time [1]. High-intensity run-

ning (18–24 km/h) accounts for similar distances
(~400 m) and 2.4% of total game time [1].

4.2.3

Non-sagittal Plane
Movements

The number of activity changes that have been
reported over the course of a game are highly
variable, ranging from 1000 to 2700 per game
in adult males, 1100 in junior males, and 600 to
1750 in adult females [1]. These activity changes
range from 32 changes per min in elite males
[6] to 40 per min in sub-elite males [5], and 43
per min in female [3]. There have been very
few reported positional differences in activity
changes.
Specifically, basketball players spend a significant amount of time moving laterally, much
of which occurs during defensive activity [1].
Lateral movements occur up to 400 times per
match, though approximately 82% occur at low
or moderate intensities and speeds [7]. These
movements account for approximately 250 m [2],
and around >15% of total game time [8, 9]. In
general, guards spend more time in lateral movement than forwards and centers [10].
Fact Box

Basketball requires significant multi-
directional demands that are characterized
by significant lateral movement throughout
the course of a game.

4.2.4

Vertical Demands

Basketball is often characterized by the vertical
demands associated with shooting, rebounding,
and defending. Males (41–56 jumps per game)
have been reported to jump more frequently
than females (19–43 jumps per game) [1]. These
demands account for approximately 2% of total
game time [9]. With athletes generally averaging around one jump per min [5]. Positionally,
centers have been reported to jump more often
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than guards and forwards [10], probably due to
the tactical proximity to the basket and their frequent involvement in tasks such as shot-blocking
attempts and rebounding on both ends of the
court.

4.3

Lower Extremity
Biomechanics During
Basketball Movements

4.3.1

Jumping and Landing

The analysis of jumping technique is often a
focus of basketball athletes in order to improve
vertical jump height which influences the skills

a

b
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of shooting, rebounding, and shot blocking.
Jumping can be divided into four main phases:
preparatory, propulsive, flight, and landing and
further classified as single- compared to double-
legged or from standing compared to an approach
(Fig. 4.1). Jump height is increased when a preparatory descent is performed prior to the propulsive phase. During the preparatory phase of
a countermovement jump (CMJ), the body center of mass is decelerated downward with flexion of the lower extremity joints. This lowering
movement creates a muscle stretch before a rapid
shortening to accelerate the body vertically and
is termed the stretch-shortening cycle (SSC) [11,
12]. The benefit of a preparatory phase on jump
performance is well established and often illus-
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Fig. 4.1 Countermovement jump illustrating the kinematics (top) and vertical ground reaction forces (bottom) during
the (A) pre-jump, (B) preparatory, (C) propulsive, (D) flight, and (E) landing phases
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trated by comparing a CMJ to a squat jump (SJ)
[13]. During the SJ, the athlete begins with the
lower extremities in a flexed position and executes the jump without a countermovement. In
contrast to the SJ, the hip extensors, knee extensors, and ankle plantarflexors contract eccentrically during the preparatory phase of a CMJ. The
coordinated action of the lower extremity places
the body center of mass at its lowest vertical position prior to the rapid upward acceleration during
the propulsive phase.
The propulsive phase begins at the lowest
vertical position of the body center of mass and
ends at toe off from the ground. There is rapid
hip extension, knee extension, and ankle plantarflexion until a near fully extended position
[12, 14–16]. The joint moments, power, and work
during this phase of jumping predict jump height
in male and female athletes [14, 16]. Specifically,
increased knee and hip extensor moments during the propulsive phase are correlated with an
increased vertical jump height. This indicates
that extensor musculature strength are critical
components to be targeted in a strength and conditioning program that aims to improve jumping
performance.
The flight and subsequent landing complete
the phases of the vertical jump. During the
flight phase, the body center of mass reaches its
highest vertical position (vertical jump height).
Vertical jump height has been reported to vary
in both female (22–48 cm) and male (40–75 cm)
basketball players [17]. Certainly, the level of
skill and the testing methodology likely explain
this large variation in jump performance. The
landing phase begins immediately when the feet
touch the ground and is typically the phase of
interest relative to risk of injury. Obviously, the
demands on the lower extremity to absorb forces
are increased as jump height performance is
improved.
The performance and biomechanics of jumping off of or landing on single leg or both legs
have been previously investigated in numerous studies [18–21]. From a stationary position, approximately 25% greater height can be
achieved off of 2 ft compared to a single foot
[18]. However, the difference in jump height is

negligible when a one-stride running approach
is added and approximately 10% greater with a
single-leg takeoff compared to double-leg takeoff when 3–5 strides are involved [18]. In order
to utilize the approach velocity and SSC successfully, a certain level of technical skill and
neuromuscular coordination is required by the
basketball player [20, 22].
Plyometric training and specifically the use of
drop vertical jumps (DVJ) have been advocated
to help athletes increase vertical jump height and
performance in explosive activities [23–26]. By
increasing the drop height, the athlete must transition larger ground reaction forces during the
preparatory phase prior to the propulsive phase
[16, 27]. Optimal drop heights vary among skill
level, sex, and age but typically range from 15 to
30 cm. Additionally, DVJ movements have been
used in numerous screening methodologies to
identify risk of injury based on altered landing
biomechanics [28, 29].

4.3.2

 unning, Cutting, and Lateral
R
Movements

Biomechanics of running, cutting, and lateral movements in basketball players are less
commonly reported in the scientific literature compared to jumping and landing movements. However, these activities occur much
more often during actual basketball games [1].
Additionally, the high ground reaction forces
and quick changes of direction may lead to
injurious movements [30, 31]. Due to differences in sport demands, basketball players have
distinctly different biomechanics during these
tasks compared to other athletes [32–34]. Young
female basketball players have been reported
to exhibit lower ground reaction forces, indicative of potentially lower risk of injury, during
a jump-stop cut task compared to soccer players [34]. However, in a similar population, basketball players had less hip and knee flexion
and greater external knee abduction moments,
movement patterns related to greater risk of
knee injury, during a quick laterally directed
landing compared to soccer players [32].
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4.4

Biomechanical
Considerations of Lower
Extremity Injuries

Of multi-directional sports, basketball has a relatively high injury rate, ranging from 1.51 injuries
per 1000 h of exposure [35] to 8.0 injuries per
1000 athletic exposures [36]. Because basketball
players practice more than they compete in games,
the majority of injuries occur during practice
(67%), but games have a higher injury incidence
rate [36]. Though both males and females have
high injury rates, males get hurt more frequently
but have a lower percentage of time loss injuries
than females [35, 36]. While the majority of injuries are a result of contact, up to 48% of injuries
may happen via a noncontact mechanism [37].
Injuries are most prevalent in the lower extremity
(54–78%), especially at the ankle (30–48%) and
knee (18%) [9, 36, 38, 39]. More injuries occur
during defending than ball handling, and among
specific basketball demands, rebounding (18–
29%) and loose balls (24%) account for the most
injuries [40, 41]. Epidemiology and biomechanics associated with specific injuries are discussed
in the subsequent sections.

4.4.1

Foot and Ankle

4.4.1.1 Ankle Sprain
Ankle sprains are the most common injury in
basketball (1.49 and 1.21 injuries per 1000 athletic exposures in men’s and women’s basketball,
respectively) [42] which accounts for the highest
ankle sprain injury rate of all sports [43]. Ankle
sprains are of major concern because of the high
rates of injury recurrence. Basketball players with
a history of ankle sprain are five times more likely
to suffer a subsequent sprain that players without
history of sprain [44]. Sprains of the lateral ligament complex are by far the most prevalent (80–
83%), followed by deltoid ligament tears (6–7%)
and syndesmotic sprains (7%) [42]. While these
injuries typically do not require surgical intervention, they do require considerable rehabilitation
in order to return to play. The amount of time loss
varies depending on the severity and location of
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injury, but 30–33% of ankle sprain injuries result
in longer than 7 days lost from sport [42].
Ankle sprains are typically the result of contact with another player (landing on another
player’s foot), most often in the key area during
a rebounding attempt and most often to players
playing the center position [42, 45]. Lateral ankle
sprains typically occur via sudden and rapid
inversion (>70°) in low levels of plantarflexion
(10°–35°) and either the presence of internal
rotation (resulting in high strain to the anterior
talofibular ligament and calcaneofibular ligament) or absence of internal rotation (resulting
in isolated strain to the calcaneofibular ligament)
[46]. Syndesmotic and deltoid ligament injuries commonly occur at the same time [47]. The
most frequent mechanism of syndesmotic injury
is foot and ankle external rotation with a dorsiflexed ankle and pronated foot [47].
Multiple intrinsic factors including anthropometrics, neuromuscular performance, and postural stability have been reported as risk factors
for ankle sprain in an athletic population [48].
Specifically, a higher body mass index has been
connected with greater risk of lateral ankle sprain
[49, 50]. Higher-risk has also been reported in
athletes with a neuromuscular profile consistent
with decreased slow eccentric ankle inversion
strength, increased fast concentric plantarflexion
strength, and slower reaction time of the peroneus brevis to perturbation [49, 51]. Improving
the strength of the gluteus maximus and hip
extensors may help mitigate the risk of ankle
sprain [52]. Proprioceptively, high levels of postural sway (in all directions), a commonly used
measure of balance, may also predict future ankle
sprain injury [51].
Primary prevention efforts have been successful in reducing ankle sprains in the basketball
population [53], such that seven players need to
participate in one neuromuscular training session
to prevent one ankle sprain [54]. Specifically,
neuromuscular training programs have been
reported to significantly improve single-limb balance and postural sway, thus reducing the risk of
ankle sprain by up to 35% [54, 55]. Similarly, the
use of external support, in the form of bracing or
taping, may help reduce the risk of ankle sprain
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[53]. In general, over 50% of basketball players
wear ankle joint support, and those that do sustain ankle sprains at a significantly lower rate
[45]. This is especially successful in athletes with
a history of inversion ankle injury [48, 56].
External support systems have been reported to
reduce non-weightbearing and weightbearing
inversion range of motion [57–59], increase muscle activation and excitability [58, 60], and
decrease joint velocity during movement [59,
61], all of which may explain the mechanism for
reduced risk of ankle injury when present.

Fact Box

Ankle sprains are the most common injury
in basketball. Rehabilitation after sprain
is of vital importance to reduce the risk of
recurrent injuries.

4.4.1.2 Bony Foot Injury
Foot fractures account for 55% of all lower
extremity bony stress injuries, with 18% occurring in the fifth metatarsal [62]. These injuries
can be devastating for basketball players because
they result in significant time loss (25.1 ± 21.3
games) and place the athlete at high risk for
recurrent or subsequent injury [62]. Up to 30%
of players may not be able to return to previous level of play after a stress reaction, which
increases to 43% when considering fifth metatarsal injury alone [62]. Other common foot stress
reaction/fracture sites include the navicular and
fourth metatarsal [62].
These types of injuries are typically the result
of repetitive overuse and loading, especially
from consistent landing and pivoting. While the
mechanism of fifth metatarsal injury is not clear,
it is thought that larger plantar loads directed to
the base of the fifth metatarsal or abnormal relationships between distal and proximal metatarsal
loading may place significant bending moments
through the metatarsals, leading to stress reaction and failure [63]. These bending moments
are especially high during sagittal plane accelerations where a lack of heel strike leads to high
forefoot loading [63]. Greater foot length may

lead to higher bending moments across the metatarsal. A cross-sectional study of 220 basketball
players reported 14 fifth metatarsal fractures,
100% of which occurred to athletes that played
the center position [64]. While foot length was
not measured or reported, it can be inferred that
because these athletes were the tallest in the study
[64], they also had the largest foot length.
While no studies have identified clear-cut ways
to reduce the risk of bony foot injuries, reducing
overall load or regional-specific plantar load are
currently the best options. A recent study investigated the modification of the midsole stiffness
of basketball shoes (to reduce bending moments
through the metatarsals) reported that increased
stiffness resulted in lower plantar forces under
the lesser toes, potentially decreasing the risk
of fifth metatarsal injury [65]. However, altering biomechanics at one region may alter biomechanics in a different region as illustrated by
greater ankle dorsiflexion angles reported in the
study, which may ultimately place the Achilles
tendon at higher risk for injury [65]. When modifying shoe properties, clinicians need to account
for unintended compensations that can occur
throughout the kinetic chain.

4.4.2

Knee

4.4.2.1 A
 nterior Cruciate Ligament
Injury
Injuries to the anterior cruciate ligament are
commonly seen in the competitive basketball
population [66], occurring at a 2–4 times higher
rate in women (0.09 4 ACL ruptures per 1000
athletic exposures) than men (0.02 injuries per
1000 athletic exposures) [66, 67]. The majority
of ACL injuries occur in game competition during jumping and landing [66, 68]. ACL injuries
are of particular concern because of the high risk
of concomitant meniscal injury (65%) in basketball players [69]. Depending on the severity of
injury, one ACL injury can result in a lifetime
cost of $100,000 [70], and the early development
of knee joint osteoarthritis, with up to 48% of
injured athletes showing signs of joint degradation within 10 years of injury [71].
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The majority (60–70%) of basketball-related
ACL injuries occur via a noncontact mechanism
[68, 72], with 90% occurring during a single-leg
activity [73]. Most injuries occur while attacking, as opposed to defending, with rebounding
as the most frequently cited activity causing
injury [74, 75]. Video analysis of ACL injuries
show that despite the absence of physical contact from an opposing player at initial ground
contact, up to 50% of injured female basketball
athletes are either part of a collision or pushed
immediately prior to injury and a high percentage of injuries occurred with another player in
a surrounding 1-m radius [74]. At the time of
injury, studies have shown that athletes typically
land on the heel or flat portion of the foot, with
decreased ankle plantarflexion, decreased knee
flexion, and increased hip flexion [76]. Injury to

a

43

the ACL occurs within 40 ms of landing, which is
represented by rapid knee abduction and internal
rotation after initial ground contact [30].
Although ACL injury risk is multifactorial,
there is a strong link between lower extremity
biomechanics and injury. Dynamic lower extremity valgus (Fig. 4.2) have been prospectively
identified as a high-risk movement pattern [29].
Specifically, knee abduction moment, or the
external torque pushing the knee into a valgus
position, has been reported as the single best predictor of ACL injury in female athletes [29].
Landing with shallow knee flexion angles has
also been implicated as a risk factor for ACL
injury, potentially due to strong quadriceps contraction, especially if an athlete lands with their
foot anterior to the center of mass [73, 77].
Basketball athletes that have previously suffered

b

Fig. 4.2 High-risk (a: dynamic lower extremity valgus) and low-risk (b: good control, adequate knee flexion) landing
patterns in basketball athletes
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an ACL injury are at a significantly higher risk
for second injury than uninjured athletes, as 25%
of surgically reconstructed patients suffer a second injury (on the same or opposite limb) within
12 months of return to play [78]. Specifically,
transverse plane hip kinetics, frontal plane knee
kinematics, and sagittal plane knee moments at
landing may place a previously injured athlete at
risk for second ACL injury [79].
There has also been a reported connection
between ACL injury and thigh muscle strength
and activation. The primary responsibility of
the ACL is to resist anterior tibial translation in
respect to the femur [80]. Anterior tibial translation can result from a strong quadriceps contraction, whereas contraction of the hamstrings can
act oppositely, generating a protective effect on
the ACL. Thus, clinicians often focus on improving the ratio of hamstrings to quadriceps strength.
A prospective study has reported that athletes
with reduced total hamstrings strength are more
likely to sustain an ACL injury [81].
Anterior cruciate ligament injury prevention
programs have been reported to successfully
reduce the incidence of injury in general populations [82] and team sports such as soccer and
handball [83, 84]; however, these efforts have been
historically less successful in basketball populations [53, 83, 84], as the first three published studies using women’s basketball players resulted in
no significant reduction in ACL injury [53].
However, two more recent studies have shown
promise. Recent studies by Omi et al. [85] and
Bonato et al. [86] are the first to report ACL injury
rate reduction after neuromuscular training specific to women’s basketball players. One program
used a 3×/week, 20 min per session education and
neuromuscular training program that emphasized
strength, balance, and technique training focused
at the hip [85], while the other used a 5-part,
30-min warm-up that focused on general muscular
activation, active mobility/flexibility, strengthening, plyometrics, and agility exercises [86]. To
date, no studies have reported success at reducing
the risk of ACL injury in male basketball players.

Fact Box

Basketball players need to be taught optimal landing techniques, including:
• Good knee stability (don’t let knees
come together).
• Land on flexed knees.
• Keep hips back so knees do not advance
forward in front of toes.

4.4.2.2 Tendinopathy of the Knee
Extensor Mechanism
The repetitive demands of basketball can lead
to overuse injury. Of all overuse injuries in the
sport, 45% occur at the knee [87], specifically
from patellar and quadriceps tendinopathy.
Patellar tendinopathy (or Jumper’s knee) is
the second most common basketball injury to
ankle sprain and is more common in guards
than forwards and centers [64, 88].
Patellar tendinopathy (PT) typically occurs
via an insidious onset of anterior knee pain.
The risk of developing PT is also multifactorial.
Males with a history of prior knee injury and
recent high training loads, greater than 20 h per
week, are at higher risk for developing PT [89].
Landing mechanics may also place an individual at greater risk for PT injury [90]. While no
difference has been identified between athletes
with PT and healthy controls, individuals that
exhibit ultrasonographic abnormality (a precursor of PT) land with higher angular velocities
of hip and knee flexion and a less upright trunk
posture that is especially apparent during horizontal jump-stop landings common in the sport
[90]. A more flexed position of the knee at initial
contact can lead to less displacement of the center of mass, which when combined with higher
angular velocities, result in increased stiffness
and tendon loading rates. While there have been
no reports of successfully using a neuromuscular training program to decrease PT incidence,
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clinicians may be able to decrease risk with technique training during various basketball-related
tasks or by improving flexibility of the hamstrings, which may decrease the risk of developing PT [89].

4.5

General Considerations
for Rehabilitation
and Return to Play

There are several general biomechanical considerations which may apply to rehabilitation
and return to play that the sports medicine clinician can implement in their practice. We suggest thinking about rehabilitation and return
to play in a systematic way to subsequently
address local (joint-specific impairments),
regional (surrounding joints, functional limitations), and global (whole body disabilities)
considerations.
Local interventions are specific to the injury
and the patient. For example, a basketball athlete rehabilitating from an ACL reconstruction
should initially be focused on regaining quadriceps function, while an athlete rehabilitating
from an ankle sprain should be emphasizing
improving multi-
directional control and stability of the ankle. Local interventions do not
have to be solely therapeutic exercise based
and can also include evidence-based manual
therapy or other modalities to expedite the
healing process.
As the clinician begins to address regional
interventions, they can begin to get more
basketball-
specific. The hip complex is crucial to address in these athletes. Basketball
players are generally tall [32], many of whom
have experienced a rapid growth spurt at
some point in their life. These growth spurts
can lead to long lever arms (i.e., femur) that
may be difficult to control. As stated earlier,
lower extremity dynamic valgus is a common
biomechanical dysfunction that can lead to
injury. Lower hip strength is associated with
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a greater lower extremity valgus pattern during single-legged jump landings [91]. Thus,
addressing this movement strategy with a focus
on strengthening of the proximal hip musculature can promote control of the limb and subsequently reduce future injury risk. Targeted
exercises of the gluteus maximus (a hip extensor and external rotator), gluteus medius (a hip
abductor), and hamstrings (a hip extensor and
knee flexor) can help reduce lower extremity
dynamic valgus and balance the sagittal plane
tibial translation forces that occur during basketball-specific movements.
Examples of hip-focused interventions
can be found in Fig. 4.3. Figure 4.3a–c
shows potential lunge progressions. As a
strictly sagittal plane exercise, a traditional
lunge can target the hamstrings musculature.
Adding additionally transverse plane motions
(Fig. 4.3a,b) can elicit greater recruitment of
the gluteus maximus and other hip rotators
needed to combat various abnormal movement
patterns. Similarly, Fig. 4.3c increases the
frontal plane demands of the lunge. By placing weight in the opposite upper extremity, the
gluteus medius of the forward limb is forced
to create extra torque to counteract the resistance. Figure 4.3d,e illustrates a sidestepping
progression that elicits gluteus medius torque
while in a basketball-specific defensive position. Figure 4.3f shows an eccentric hamstring
exercise that focuses on recruitment of the
athlete’s posterior hip and thigh musculature.
Other exercises, such as a unilateral straightknee bridge and single-leg deadlift have been
reported to elicit high hamstring muscle activity and could be excellent additions to postoperative protocols [92]. Kettlebell swings
and Romanian deadlifts can target the medial
hamstrings (i.e., semitendinosus), while supine
leg curls and hyperextensions off a table can
be used to specifically target the lateral hamstrings (i.e., biceps femoris) [93].
As the athlete progresses through rehabilitation and approaches return-to-play, the global
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a

b

c

d

e

f

Fig. 4.3 Examples of posterior and lateral hip-focused exercises, including (a) plie lunge, (b) rotational lunge, (c)
contra-lateral weighted lunge, (d, e) resisted side-step progression, and (f) Russian hamstring curls

load demands of the sport must be considered.
Earlier in this chapter, we summarized the running, jumping, and change of direction demands
in men’s and women’s basketball. These average values should serve as targets for the clinician, especially when dealing with a lengthy
rehab process. Additionally, to adapt a rehabilitation protocol to a basketball athlete, clinicians
should emphasize basketball-specific demands,

including exercises in the frontal plane and both
double-leg and single-leg jumping and landing
activities. Figure 4.4 illustrates examples of
these basketball-
specific movements. Other
examples include the medial and lateral triple
hop for distance, which represent a combination
of medial/lateral movement and single-leg hopping, making it an ideal late-stage rehabilitation
tool for this population [94].
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a

b

c

Fig. 4.4 Example laterally biased drills for use during late-stage rehabilitation, including (a) lateral bound, (b) lateral
tuck jump, and (c) resisted lateral jump
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Biomechanics of Upper Extremity
Movements and Injury
in Basketball
Jeffrey B. Taylor, Kevin R. Ford, and Eric J. Hegedus

5.1

Introduction

Whereas the lower extremities provide the
means for a basketball athlete to move explosively and position their body all over the court,
the upper extremities serve as the main contact
point for the ball, necessitating coordination
and skill. Indeed, the upper extremities are at
times required to perform powerful movements
to contain an opposing offensive player, fend
off defenders, or create room around the basket to rebound; yet, the primary demands of
the upper extremities are based on skill during dribbling, passing, and shooting. This balance of power and precision make it difficult
for coaches and clinicians to focus training on
one aspect of upper extremity biomechanics
in the basketball athlete. Though significantly
less work has been reported on upper extremity
basketball biomechanics than lower extremity
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biomechanics, this chapter will detail (1) the
global upper extremity movement demands that
characterize the sport of basketball, (2) joint
specific biomechanics during basketball-specific upper extremity movements, and (3) biomechanical considerations of basketball-related
upper extremity injuries.

5.2

Movement Demands

The predominant upper extremity demands of
basketball include shooting, dribbling, defending, and passing. Upper extremity movement
demands have been significantly less analyzed than lower extremity movements, partly
because upper extremity injuries are less common and partly because technology for lower
extremity and global movement tracking has
evolved more quickly than that for the upper
extremity.
The upper extremities are constantly moving in basketball, whether it be for purposeful
basketball-specific movements, during running,
or in a defensive- or offensive-ready position.
Upper extremity movements are challenging to
track and categorize, so researchers have defined
these movements as any movement overhead
(>90° of shoulder elevation). Basketball players
have been reported to perform greater than 200
overhead upper extremity movements per game,
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with backcourt (i.e., guards) performing more
than frontcourt (forwards, centers) players [1, 2].
Dribbling demands are also highly position-
dependent. Backcourt players dribble more
frequently (~60 occurrences per game) than
front court players (~20) [1, 2]. For backcourt
players, each dribbling episode lasts an average of 4 s, over the course of 12–13 m [1].
In all, backcourt players travel greater than
700 m, while dribbling over the course of a
game, accounting for 10–15% of the total distance traveled [1, 2].
Jumping may be a good surrogate measure
of upper extremity demands, considering that
basketball players rarely jump without upper
extremity elevation. Basketball players jump
approximately 40 times per game [3]. A more
detailed analysis of these jumps reveals an
average of up to 20 jumps per game for defending shots (i.e., blocking), 12 jumps for jump
shots, 13 jumps for rebounds, and 10 jumps for
layups [4].
Basketball players also absorb a lot of physical contact through their upper extremities.
Specifically, setting screens while on offense
or boxing out while rebounding requires upper
extremity contact. Analysis shows that both
demands occur more frequently in frontcourt
players, with up to 49 instances of screen setting
and 72 instances of boxing out per game [4].

a

b

c

5.3

Upper Extremity
Biomechanics During
Basketball Movements

5.3.1

Shooting

Shooting is the most recognizable basketball skill
and arguably the most important, considering
that winning involves scoring more points than
the other team. Shots can come from short- or
long range, but average about 4-m from the basket over the course of a game [5]. Biomechanics
can help characterize basketball shots into the
following: (1) above head (i.e., jump shot), (2)
hook shot, (3) layup, (4) tip-in, and (5) dunk [5].
Most biomechanical analyses have focused on
the jump shot.
The jump shot requires shoulder flexion,
elbow extension, and wrist flexion coupled
with hip, knee, and ankle extension, and can be
organized into five phases (Fig. 5.1) [6]. The
preparation phase involves the athlete positioning the ball close to the body at waist level with
the shooting hand behind the ball and the non-
shooting hand held laterally on the ball for support during the shooting motion. During the ball
elevation phase, the shoulder flexes 90–135° with
the elbow in a position of flexion to position the
ball for release. The stability phase occurs while
the lower extremities are extending and is charac-

d

e

Fig. 5.1 Five phases of the jump shot: (a) preparation phase, (b) ball elevation phase, (c) stability phase, (d) release
phase, and (e) inertia phase

5

Biomechanics of Upper Extremity Movements and Injury in Basketball

terized in the upper extremities by wrist hyperextension. During the release phase, there is rapid
and coupled shoulder flexion and elbow extension with wrist flexion. In expert shooters, there
is some radioulnar pronation that occurs after full
wrist flexion [7]. The final phase, inertia, involves
sustained wrist flexion (parallel to the ground)
during descending flight and landing.
Biomechanics can significantly impact shot
success. The ball trajectory and subsequent angle
of entry into the basket are the main factors that
determine whether the shot attempt is made or
missed [8]. Trajectory can be influenced directly
by ball release and indirectly by a number of
factors including the distance from the basket,
defender presence, body posture, pre-shot movement, field of view, and the expertise level and
physical characteristics of the shooter [6].
Extensive analyses of the basketball shot have
not concluded in an ideal kinematic pattern for
success, but have shown that expert players have
less overall variability in their shot mechanics
than novice players [6]. Shooters have more success with a greater release angle of the ball (49–
60° from parallel) [9], which increases the
vertical displacement of the ball and maximizes
the rim’s width upon entry [6]. Success also
depends on ball release velocity, with lower
velocities leading to increased success [6]. This is
typically accomplished by large wrist flexion
angles to produce back spin (~2–3 revolutions
during a foul shot). Release height can also affect
ball trajectory but is highly dependent on the
shooter’s size and jumping ability.

Fact Box

Performance of the basketball shot is highly
variable, but, in general, is more successful
with higher ball release and ball trajectory.

5.3.2

Dribbling

The kinematics of dribbling has not been well
studied. Observational analysis suggests that
the dribbling motion incorporates simultaneous
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shoulder and elbow extension and wrist and finger flexion. Transverse plane motion (shoulder
rotation and forearm supination/pronation) are
sometimes elicited during select ball handling
techniques and change of direction activities.
Dribbling can affect global biomechanics by significantly decreasing running speed. Loss of running speed is more marked when dribbling with
the nondominant vs. dominant hand and more
during change of direction than straight-line running [10, 11].

5.4

Biomechanical
Considerations of Upper
Extremity Injuries
in Basketball

Injuries to the upper extremity account for
10–15% of all basketball-related injuries and
are more frequent during game than practice
situations [12–15]. In addition, upper extremity injuries may be more common in male than
female basketball players. The hand and wrist are
the most often injured upper extremity regions
(8–9%), followed by the shoulder and elbow
[12–14, 16]. In a profile of women’s professional
basketball players, injuries to the wrist/hand
were second only to ankle sprains in frequency
of injury [17]. The epidemiology and biomechanics associated with the most frequent basketball-
related injuries are discussed in the subsequent
sections. Risk factors and preventative strategies
for upper extremity injuries in basketball are
poorly understood.

5.4.1

Finger Fracture

Finger fractures are more common in women’s
than men’s basketball and have been reported
to occur at a rate of 0.09 per 1000 athletic
exposures during games [15]. In a study of
pediatric basketball injuries presenting to emergency departments, finger fractures were the
third most common injury after ankle and finger sprains, and the frequency of all injuries
increased with age [18]. Most finger fractures
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are traumatic in nature and are caused by ball
contact. Specifically, forced flexion of the proximal interphalangeal joint can cause a central
slip injury including a dorsal avulsion fracture.
If the forced flexion occurs at the distal interphalangeal joint (DIP), this can cause a tear to
the terminal extensor tendon or a dorsal avulsion fracture which will lead to mallet finger (or
“bony mallet finger” in case of a bony avulsion),
a loss of DIP extension, and a flexed posture of
that joint [19, 20]. There is some data to suggest that the fourth and fifth digits are most
often involved and that most of the fractures
are non-displaced or minimally displaced. The
average time missed from basketball is about
20–33 days [21, 22].

5.4.2

Thumb Sprain

Thumb sprains occur equally as frequent in
men’s and women’s basketball at a rate of 0.09
injuries per 1000 athletic exposures [15, 23].
Most sprains of the thumb are of the ulnar collateral ligament (UCL) which is injured via a radial
deviation or abduction force to the metacarpophalangeal (MCP) joint. This force is possible in
basketball when falling on an outstretched hand
with thumb abducted, getting caught against an
opponent jersey, or when having a shot blocked
via a sweeping motion. An acute tear of the UCL
causes pain, swelling, and instability, and over
time, the thumb can subsequently show signs
of osteoarthritis [24]. In a study of National
Basketball Association (NBA) players over
5 years [22], thumb ligament tears were the least
frequent injury of the hand but required the longest time to return to play (average of 67.5 days)
and all required surgery.

5.4.3

Wrist Sprain

Wrist sprains occur more in men’s than women’s
basketball, with a large majority occurring during game competition (0.15 injuries per 1000 athletic exposures) [25]. The term wrist sprain can
encompass a wide range and severity of patholo-

gies including scapholunate ligament tears which
can cause wrist instability and limit either the
wrist cock or follow-through during shooting.
Be careful to rule out a scaphoid fracture which
presents with exquisite tenderness in the anatomic snuff box (radial side of wrist) and triangular fibrocartilage injury which presents with
pain on the ulnar side of the wrist. Scapholunate
tears are the result of forced wrist hyperextension and can happen in basketball with tripping,
while landing awkwardly from jumping, when
drawing an offensive charge foul, or when diving
for a ball and using the wrist/hand to dissipate
force. The scaphoid and lunate are in the proximal row of carpals along with the triquetrum and
pisiform and are connected by the scapholunate
interosseus ligament (SLIL). With wrist extension (cocking phase of shooting), this proximal
row rotates into extension and with wrist flexion
(release and follow-through), the proximal row
rotates into flexion.

5.4.4

Shoulder Injury

The rate of injury of the shoulder is the same in
boys and girls high school basketball although
boys are more often diagnosed with a sprain/
strain and girls with a dislocation/separation [26].
The majority of these athletes, both male and
female, return to play in less than 1 week after
injury. The most common mechanism of injury
for girls’ basketball players is contact with
another player (67%) or with the floor (25%).
Boys are frequently injured via noncontact events
(14%) but by far, the largest number of shoulder
injuries in boys is via contact with the playing
apparatus (30%) [26]. Shoulder instability injuries can range from subluxation to dislocation. In
women’s basketball, shoulder subluxation is the
eighth most frequent injury during game competition (0.11 injuries per 1000 athletic exposures)
[15]. Acromioclavicular joint injuries can also
result from a contact mechanism. Specifically,
high inferior or posterior directed forces from a
fall, other player, or playing apparatus directly to
the acromion can cause tearing of the acromioclavicular ligaments.
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Fact Box

Upper extremity injuries in basketball are
largely the result of contact that elicits high
forces with the joint in a suboptimal position. This contact can occur with the ball,
another player, the floor, or the playing
apparatus.

5.4.5

Considerations for Upper
Extremity Injury Prevention

The majority of upper extremity injuries in basketball are the result of contact; thus, injury
prevention is challenging. Clinicians would
need to remove the chance of contact, which is
unrealistic, or attempt to strengthen the active
restraints (i.e., muscles) around the area to potentially withstand the high forces associated with
contact mechanisms. Theoretically, preventing
upper extremity overuse injuries is more attainable, though evidence is mixed on the risk factors for upper extremity injury and whether
neuromuscular-based programs can reduce risk
[27]. One randomized controlled trial has shown
promise, reporting a 22–28% risk reduction after
focusing on the improvement of glenohumeral
internal rotation range of motion, external rotator
strength, and scapular control [28].

5.5

Considerations
for Rehabilitation
and Return to Performance

After injury the return to activity by an athlete
can be viewed on a continuum progressing from
return to participation through return to sport and
culminating with return to performance [29].
General considerations of upper extremity rehabilitation and return to performance are similar
to the lower extremity in that the rehabilitation
professional, in charting the path back to sport
and maximum performance, should consider not
only tissue healing time and load vs capacity of
the tissue but also things like limb dominance,
position played, competitive level, time of sea-
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son, cardiovascular conditioning, and psychosocial factors. Most rehabilitation programs consist
of an initial focus on impairments like pain and
lost mobility, include progression to regional
functional issues via strengthening, movement
correction, and endurance training, and end
by addressing global systems through neuromuscular retraining and sport-specific training.
Examples of open- and closed-chain exercise
progressions can be seen in Figs. 5.2, 5.3, and
5.4. Generally, patient self-report and physical
performance measures are used along the continuum to help with the decision to progress the
athlete and ultimately to decide on the return to
activity continuum. Physical performance tests
such as the closed kinetic chain upper extremity stability test (CKCUEST) and unilateral shot
put can help with return to play decision-making
(Fig. 5.5) [30].

5.5.1

Finger Fracture

Most basketball players with a finger fracture
return to sport without limitation and with full
healing after a period of immobilization via
either splinting or buddy taping [31, 32]. Should
surgery be required, most surgeons allow return
to play 3–4 weeks after a non-displaced metacarpal fracture although basketball surgeons may
be more conservative [33]. Rehabilitation generally consists of reducing pain and swelling with
modalities and compression wrapping followed
by motion exercises, strengthening exercises, and
dexterity training including speed of movement
for the fast-twitch muscle-dominated hand.

5.5.2

Thumb Sprain

Grade I and II sprains of the UCL are treated with
a thumb spica splint for up to 4 weeks followed
by strengthening and range of motion exercises.
The timeline can be more aggressive depending
on position played and whether the dominant or
nondominant hand is injured.
For a Grade III sprain of the UCL (complete tear), most surgeons allow return to pro-
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Fig. 5.2 Example of closed-chain upper extremity rehab progression: (a–c) wall push up with neutral wrist position,
(d, e) prone push up with neutral wrist position, (f, g) uneven pushup in extreme wrist extension

tected play 2–6 weeks and to unprotected play
6–12 weeks after surgery to repair a thumb UCL
tear. Basketball associated surgeons may be more
conservative [33]. The majority of surgeons will
repair the completely torn UCL immediately, but

almost as many are willing to wait for the end
of the season if it is 6 weeks or less away [33].
Patients are generally in a thumb spica cast for
2–4 weeks after surgery followed by a removable thumb spica splint for another 2 weeks. At
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a

b

c

d

e

f

Fig. 5.3 Example of open-chain upper extremity dribbling progression: (a) wall dribble, (b) upright dribble, (c) small
ball dribble, (d) forward/backward dribble, (e) one-hand cross dribble, (f) figure-eight dribble

4 weeks postoperation, range of motion begins,
while at 6 weeks, strengthening can begin with
the goal of return to sport by 12 weeks.

5.5.3

Wrist Sprain

Wrist sprain is an inexact diagnosis that may
encompass many injuries. Scapholunate tears,
scaphoid fracture, and triangular fibrocartilage
complex (TFCC) tears are more common basketball injuries to the wrist. The scapholunate joint
relies heavily on the SLIL for stability. Whether
the choice is made for conservative management or surgical management with postoperative rehabilitation, protection of the joint so that
healing can take place is key. In the acute phase

of recovery, maintaining stability of the joint is
important. Stability can be maintained by splinting and by motion and strengthening performed
in a way that minimizes joint stress. With regard
to the scapholunate joint, much attention has
been given to exercises involving the dart throwers motion and wrist circumduction. In the dart
throwers motion, there is little movement of the
scapholunate joint and yet the exercise activates
the stabilization-friendly muscles of the extensor carpi radialis longus, extensor carpi radialis
brevis, and the flexor carpi ulnaris [34]. Despite
making empirical sense, the use of dart throwers motion has not been studied in large trials so
caution is recommended [35]. Circumduction has
been advocated as being in the same plane as the
dart throwers motion.
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a

b

c

d

Fig. 5.4 Example of open-chain upper extremity passing progression: (a) one-hand chest pass, (b) two-hand chest
pass, (c) wrap around pass, (d) overhead pass
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d
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f

Fig. 5.5 Upper extremity physical performance tests, including: (a–c) closed kinetic chain upper extremity stability
test, (d–f) unilateral shot put test

The scaphoid is the most commonly fractured carpal bone and like scapholunate injury,
it is caused by a fall on an outstretched hand.
Management of this injury depends on the severity and location of the fracture with less severe
fractures (distal pole and non-displaced) treated
through casting/splinting and more severe fractures treated via internal fixation [36]. If casted,
the cast typically remains in place for 8–12 weeks
if the middle third is fractured and 12–24 weeks
if the proximal third is fractured. If surgery is
performed, there is a period of immobilization in either a cast or thumb spica splint. After
2–4 weeks, range of motion is begun.

Tears of the TFCC are generally divided into
traumatic and degenerative. Traumatic injuries
are often to the periphery and involve the radioulnar ligaments, and degenerative tears affect
the articular disc [37]. In basketball, the most
likely mechanism is a fall on an outstretched
hand. Peripheral injuries often require surgery.
As with other injuries of the wrist, there is a postsurgical period of immobilization (4–6 weeks in
this case).
The rehabilitation approach for all of the
above injuries is generally a period of immobilization based on tissue healing followed by active
motion, passive motion, proprioceptive exercises,
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strengthening based on proper load, and the addition of functional activities. The rehabilitation
specialist is reminded that cardiovascular conditioning in the basketball athlete is very important and with injuries of the wrist, cardiovascular
cross-training can be initiated early in the recovery process.

5.5.4

Take Home Message

In summary, the upper extremity must
have the skill and agility to manipulate the
ball, and also must have the strength and
stability to withstand high contact forces.
Incorporating progressive ball-specific
exercise during rehabilitation can help in
athlete’s return to the court.

Shoulder Injury

High school athletes with a diagnosis of sprain/
strain or subluxation reportedly return to basketball within a week [26]. Research suggesting
immediate surgery for episodes of instability has
largely been performed on athletes in contact
sports [23]. A recent study using return to sport as
the criterion for success/failure showed that 78%
of those treated with joint mobilization, strengthening, endurance training, and neuromuscular
retraining returned to sport within 1 year compared to 92% treated with surgery [38]. The differences in these results are likely multifactorial
including age and competitive-level differences,
the definition of success/failure, and the severity
of the injury, to name a few. Regardless, the rehabilitation should be directed at the entire shoulder
complex including the glenohumeral and scapulothoracic joints with a focus of normalization of
motion, balance and strength of rotator cuff muscles, and a gradual increase in the sport-specific
load [39].

Fact Box

When rehabilitating an upper extremity
injury on a basketball athlete, it is important to keep in mind:
1. Stability to promote healing of the
injured tissue.
2. Early cross-training to maintain cardiovascular conditioning.
3. Progression to sport- and ball-specific
drills.
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Nutrition and Hydration
in Basketball Athletes
Jorge Molina-López and Elena Planells

6.1

Introduction

Achieving optimal athlete nutrition is one of
the greatest challenges in developing strategies
favoring the adaptations that occur as a result
of training and competition. Although scientific
evidence on a set of dietary recommendations
or nutritional requirements during exercise has
been described [1–3], in sports such as basketball, athletes need to maintain a diet in accordance to the general recommendations for
macro- and micronutrients in the general population. An individualized approach is needed to
meet each athlete’s nutritional and hydration
needs, assessing nutritional status and offering
guidance and advice based on evidence in order
to ensure better adaptation to exercise, improve
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exercise performance, and enhance the recovery
processes which players accumulate throughout
the season.

6.2

Physiological Demands

Basketball has established itself as one of the
most popular sports in many countries around the
globe. In the scientific literature, many publications [4, 5] have addressed the physical and physiological attributes of men and women playing
basketball at different competitive levels. During
the competitive season, elite basketball players
train on a daily basis, often twice a day during
the preseason period; play one or two games
per week; and take part in international tournaments [6]. Specifically, the National Basketball
Association (NBA) comprises 82 regular season games (approximately 3.4 games per week
on average, with varying frequencies—often
with games on consecutive days), followed by
up to 28 playoff games [7]. Basketball is classified within team sports as an intermittent courtbased team sport, due to the intermittent nature
of the combination of efforts at low and high
intensity between offense and defense, with an
energy source that alternates energy systems
during sport [8]. Current studies [9] have shown
that elite basketball players are highly active and
engage in a number of intense physical activities
(e.g., running, jumping, cutting, and shuffling).
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While specific physiological demands may differ between team sports (e.g., game frequency,
season length, specific player position requirements), a common feature is the nature of team
sports, with “bursts” of high intensity interspersed
with periods of less intense activity or with rest
periods [4, 7, 9–12]. In basketball, the comparative
analysis of energy demands depending on player
position has revealed higher intensity activities in
guards compared to forwards and centers (5.9%
vs. 5.4% and 4.5% sprinting; 9.3% vs. 9.2% and
7.9% high-intensity shuffling, respectively) [13].
In particular, during 40-min matches, both male
and female basketball players cover a distance of
5–6 km at average physiological intensities above
lactate threshold and 85% of maximal heart rate
(HRmax) [5]. In a recent review [14, 15], significant differences according to playing positions
were observed between guards, forwards, and centers, as well as according to playing level where
more skilled players experienced greater demands
(international versus national: 94.6% vs. 90.8%
HRmax, 94.4% vs. 91.8% HRmax). Taking the
physiological demands into account, the energy
and macronutrient intake in a basketball player’s
diet should suffice to cover the energy demands,
substrate availability, training adaptations, and
competition.

Key Points

• During live playing time across 40-min
matches, male and female basketball
players cover a distance of 5–6 km at an
average physiological intensity above
85% HRmax.
• Basketball combines efforts at low and
high intensity between offense and
defense, with an energy source that
alternates energy systems during sport.
• Player position comparisons show
guards to perform more high-intensity
activities than forwards and centers.
• Playing level also shows more skilled
players to experience greater demands
(international versus national).

6.3

Energy Requirements
in Basketball

Optimum energy intake is the key to the athlete’s
diet and is determined by the intake of macronutrients and micronutrients in order to support optimal physiological functions and body weight in
response to the continuous physical demands arising from exercise. In general, an athlete’s energy
intake (EI) comes from the consumption of foods,
liquids, and supplements that can be recorded
using different methods including retrospective food intake questionnaires [16]. An athlete’s
energy needs in basketball and team sports in general will depend on the training and competition
cycle, the duration and frequency of matches, the
length of the season, the training phase, the number of players, and substitutions [17].
Energy balance, therefore, occurs when
energy consumption is equal to total energy
expenditure (TEE), or the sum of the energy
expended as resting energy expenditure (REE),
the thermal effect of food, the thermal effect of
daily activity, and thermogenesis of resting activity. Spontaneous physical activity is also included
in the TEE [18]. On the field, a practical and economic way to assess the daily energy expenditure
of an athlete is to use predictive functions such
as the Cunningham [19] and Harris–Benedict
equations [20]. These equations have allowed
the calculation of TEE, taking into account the
REE multiplied by activity factor. Nevertheless,
categorization of the activity factor could imply
error causing us to over- or underestimate the
TEE of a basketball athlete. Likewise, TEE estimation based on metabolic equivalents (METs)
[21] can be used as another cost-effective tool in
order to accurately prescript the energy consumption requirements. The quantification of TEE by
METs is widely extended in research, though the
trend is changing toward more precise methodologies. In fact, human TEE can be accurately
evaluated using the doubly labeled water (DLW)
gold standard while avoiding any interference
with training activities [22]. DLW is a variant on
indirect calorimetry where TEE is derived from
the measurement of carbon dioxide production.
This method involves enriching the body water
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of a subject with heavy hydrogen (2H) and heavy
oxygen (18O), and then determining the difference in washout kinetics between both isotopes,
based on the estimation of the rate of CO2 elimination from the body [23].
Although the indirect estimates of energy
intake in team sport athletes were 3660 kcal/
day and 2064 kcal/day for males (n = 819) and
females (n = 283), respectively [17], Silva et al.
[24, 25] accurately measured TEE and EI in
elite junior basketball players and different team
sport athletes using the DLW method. The TEE
observed was 3897 ± 625 and 3002 ± 466 kcal/
day [25]. The follow-up study showed that TEE
and REE significantly increased by 15.7 ± 11.2%
and 7.0 ± 22.2% throughout the annual season. Specifically, basketball players showed
an increased TEE in both males and females
(532 ± 402 and 372 ± 404 kcal/day, respectively)
from the beginning of the season to the competitive period. This would mean an increase
in TEE as well as in the energy requirements
throughout the season as the latter progresses
from the preparatory period to the competitive
period. In relation to energy requirements, the
average EI values observed were 4764 ± 622 and
3677 ± 330 kcal/day for male and female basketball, respectively.
The abovementioned study characterized the
energy balance from the beginning of the season
to the main stage of competition, where the
energy requirements were expected to increase.
As a result, an increase in fat-free mass content
was described for those basketball athletes and
other included team sports [25]. A deficient
energy intake will negatively affect lean tissue
(which will be used for fuel), strength, and
endurance, and will also result in impaired
immune, endocrine, and musculoskeletal function among others aspects [26], which could
lead to an increased risk of fatigue, injury, and
illness, and to an extended or insufficient recovery process. It is essential to underscore the
importance of classifying energy expenditure
according to the position of each player, for as
we have mentioned, the intensity and volume of
actions in basketball differ according to players’
position [14, 15].
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Key Points

• An athlete’s energy needs will depend on
the training and competition cycle, the
duration and frequency of matches, the
length of the season, the training phase,
the number of players, and substitutions
• DLW is used as a gold standard for estimating TEE; however, indirect methodologies such as the Cunningham and
Harris–Benedict equations and METs
also help estimate TEE
• In team sport athletes, TEE observed by
DLW methodology was 3897 ± 625 and
3002 ± 466 kcal/day
• The average EI values observed were
4764 ± 622 and 3677 ± 330 kcal/day for
male and female basketball players,
respectively
• An increase in TEE and REE in male
and female basketball players was
observed from the beginning of the season to the competitive period

6.4

Macronutrient Status
in Basketball

The distribution of each macronutrient in the athlete diet should be defined by the intake of elements such as carbohydrates, proteins, and lipids,
present in all foods that form part of a healthy
and balanced diet. The scientific literature and
organizations, including the International Society
of Sports Nutrition (ISSN) and the American
College of Sports Medicine (ACSM), provide
macronutrient guidelines highlighting the importance of optimizing health and sports performance throughout training and the competitive
season [1, 2, 27–30].

6.4.1

Carbohydrate Requirements

Carbohydrates (CHO) have received special
consideration in sports nutrition because of their
importance for training and competition intensity.
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As mentioned, basketball is characterized by an
intermittent activity pattern with high-intensity
activity bursts followed by rest pauses or periods of low activity. Even when working with the
higher intensities, CHO will provide a higher
yield of ATP per volume of oxygen that can be
delivered to the mitochondria, thereby optimizing exercise efficiency [31]. Carbohydrates serve
as the main substrate of the anaerobic and oxidative pathways, providing key fuel for the brain
and central nervous system, and are a versatile
substrate for muscle work. Considering that CHO
are a limited fuel, special attention should be paid
to daily dietary intake through a controlled suitable diet (Fig. 6.1).
Dietary guidelines for CHO intake in athletes
should be expressed relative to body weight
instead of as a percentage of daily energy intake.
A recent study [32] showed that CHO intake was
successfully maintained across the season in
basketball athletes, although lower daily intakes
were observed (3.3–4.0 g/kg/day) compared to
the recommended amounts for athletes [1, 33].
Another recent study [34] has estimated a CHO
intake below 6 g/kg/day for more than half of the
junior elite basketball athletes (in 56% of athletes; 95%CI 43–69%), this again falling below
the recommendations established by the ASCM
or ISSN for CHO (6–10 g/kg/day) [1, 33]. In

this population the CHO distribution was within
a range of 48–51% of the total energy intake,
even though preseason intakes were greater than
in-season intakes, this also being below some
previous recommendations [1]. Specifically,
basketball players should have a goal carbohydrate intake of >6 g/kg/day and within a range
of 55–65% of the total energy intake during the
heavy period of training and competition [35].
Comparing these results with those reviewed
by Holway et al. [17], we observed that CHO
intake was also around 49% of energy intake
(Fig. 6.2), although higher values for CHO
relative to body mass were reported in males
(5.6 ± 1.3 g/kg/day) and females (4.0 ± 0.7 g/
kg/day) (Fig. 6.2).
It is important to mention that the ability to
sustain the stop-and-go pattern and the possible
alterations in exercise performance indices after
certain intense periods of the match remains
unknown. Some authors [26] indicate that energy
and CHO requirements on match days tend to
be higher than on weekly training days, though
team sport athletes tend to eat less on these days
due to game stress, traveling, or match schedules
that alter the normal eating pattern [17]. In this
way, the role of CHO would become even more
important in order for players to be able to better
tolerate the basketball match.
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The timing of CHO intake over the day and
in relation to training can also be adjusted to
promote or reduce CHO availability (Fig. 6.3)
[35]. An easily digestible meal supplying CHO
sources eaten 2–4 h before a game seems to be
the best alternative to maintain blood glucose and
maximize glycogen stores (low in fat and fiber to
facilitate gastric emptying and minimize gastrointestinal distress) [39]. It is assumed that highglycemic index (HGI) CHO (e.g., instant mashed
potato, white rice, sports drink, wholemeal bread,
cornflakes, or watermelon) are digested and
absorbed more quickly than low-glycemic (LGI)
index CHO (e.g., pasta, orange, banana, honey,
porridge (from traditional oats) kidney beans,
mixed grain bread, yogurt all bran, or milk) [40].
Additionally, Williams and Rollo [40] remarked
that athletes may not consume sufficient CHO
when recommended to eat LGI foods and so
get enough restocking of their glycogen stores.
During exercise in basketball athletes, the benefits for exercise performance of ingesting a 6%
of CHO-electrolyte solution were evidenced by
enhanced physical capabilities during the last
quarter [41]. Finally, during the recovery period,
additional CHO ingestion (reaching 9 g/kg/day)
was compared to a normal CHO intake (5 g/kg

body mass) combined with protein after exhaustive intermittent exercise [42]. In this sense, the
consumption of a high-CHO recovery diet made
it possible to match performance of the previous
day in athletes. In contrast, a normal amount of
CHO and an equal energy intake failed to reproduce the performance of the previous day [40].
Therefore, rapidly absorbed CHO together with
hydrolyzed whey protein constitute the ideal
combination, in 3–4/1 proportion, with 1 g/kg
being the recommended amount of CHO [33].

6.4.2

Protein Requirements

Protein is an important nutrient in an athlete’s
diet, providing a trigger and a substrate for the
synthesis of contractile and metabolic proteins,
improving structural changes, and contributing to
recovery after training sessions [27, 43]. Protein
intake may also be a priority in the diet of a basketball player because players differ in weight,
height, fat percentage, and muscle mass according to specific playing positions [44, 45].
Protein recommendations in athletes have
been previously described by the ACSM and
ISSN [1, 3, 33]. Current data suggest that the
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Fig. 6.3 Summary of carbohydrate intake in athletes for acute fueling. (Adapted from [1])

dietary protein intake required to support metabolic adaptation, repair, remodeling, and the
renewal of proteins ranges from 1.2 to 2.0 g/kg/
day and represents 10–15% of the total energy
ingested [33]. Taking the above into account,
organisms such as the ADA or the ACSM have
established recommendations according to
the type of exercise involved (Fig. 6.4). In this
respect, endurance disciplines require an intake
of 1.2–1.4 g/kg/day, while higher quantities are
associated with strength disciplines (1.4–2.0 g/
kg/day) [1, 27, 33]. In a systematic review [17],
the mean daily protein intake reported for team
sport athletes was around 1.2–1.5 g/kg/day for
male and female basketball athletes. Similarly,
a study carried out in collegiate basketball players [32] showed that daily protein intake tended
to change across the season. Specifically, protein intake was lower in the competitive period
than during the preparatory phase, with an average intake of around 1.37 g/kg/day, representing

16.6% of total energy intake. Moreover, several
studies [46] observed that the contribution of
protein to total energy was higher in female than
in male team sport athletes (17.8% vs. 16.1%,
respectively) (Fig. 6.2). Therefore, the protein
intake for basketball or team sport athletes is
consistent with the abovementioned recommendations for strength–power disciplines [33].
Protein requirements usually can be covered
through the diet and play a key role in combination with CHO. High-quality proteins such as
whey, casein, or soy were effectively used for
the maintenance, repair, and synthesis of skeletal
muscle proteins in response to training [47]. Some
studies have shown [1, 43] muscle protein synthesis to be optimized in response to exercise by
the consumption of high biological value protein
(e.g., egg, beef, pork, concentrated vegetable protein or mixed meals on the stimulation of mammalian target of rapamycin (mTOR) and muscle
protein synthesis), providing around 10 g (0.25–
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Fig. 6.4 Protein intake
recommendations
classified by type of
activity. (Adapted from
[1, 17])
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0.3 g/kg body weight) of essential amino acids in
the early recovery phase (0–2 h after exercise).
Protein intake goals should be considered providing a regular distribution of moderate amounts
of high-quality protein across daily training and
match distribution, and encompassing most training regimens with annual periodization.

6.4.3

Fat Requirements

Fat provides energy and essential elements of
cell membranes and facilitates the absorption of
fat-soluble vitamins, including vitamins A, D,
and E. Fat is also an important fuel for aerobic
exercise. However, at a given exercise intensity
and metabolic demand, there can be reciprocal
shifts in the proportions of CHO and fat that are
oxidized [31]. The ACSM has estimated a range
between 20% and 35% of the total energy intake
for fats in athletes [1, 33].
Basketball athletes reported high-fat diets
reaching approximately 37% of the total energy
intake in both the male and female categories
[32, 34]. This amount represents an average of
1.37 and 2.12 g/kg/day above the fat recommendations of 0.9–1.1 g/kg/day for males and
females, respectively [33]. In other team sports,

fat intake has been estimated to range from 24 to
42% of total energy intake as recorded by 3-day
dietary intake questionnaires (reviewed in [17])
(Fig. 6.2). It is important to note that less than
20% of energy from fats affords no benefit in
terms of athlete performance. Such a reduction
may also compromise the variety of nutrients
like fat-soluble vitamins and essential fatty acids
[33]. In contrast, although some studies [48]
have suggested that a high-fat diet could increase
the amount of oxidized fat during exercise, it
could also reduce muscular training adaptations,
thereby compromising exercise performance.
Therefore, optimal performance in a basketball player will be determined by a diet that is
well balanced in terms of macronutrient distribution, which can vary throughout the annual
season as well as in relation to player position
in the game. As we have observed, the preseason
period will require greater amounts of energy as
well as a greater contribution of proteins to promote muscle mass building. Subsequently, during the competitive period, the sports nutritionist
should work to address the continuous demands
of training and competition, adapting the contribution of CHO and protein (55–65% CHO and
10–15% proteins) before, during, and after weekend competitions.

J. Molina-López and E. Planells

72

Key Points

• A basketball player needs to consume
adequate energy during annual periodization to maintain body weight and
health and maximize performance
• A well-balanced diet recommends
6–10 g/kg/day CHO, 1.2–1.7 g/kg/day
protein, and 0.9–1.1 g/kg/day fats
(55–65% CHO, 10–15% proteins and
20–25% fat, referred to total energy
intake)
• The literature shows that basketball
players consume a poorly balanced diet,
with high protein and fat intake to the
detriment of a poor intake of CHO
• Easily digestible CHO sources (2–4 h
before a game) are advised. During exercise, basketball athletes benefit from
6% carbohydrate–electrolyte solutions.
After the match, rapidly absorbed CHO
(1 g/kg being the recommended amount
of CHO) together with hydrolyzed whey
protein, in 3–4/1 proportion, appears to
be a good strategy for recovery
• Special attention should be paid to a balanced diet for preseason and competitive periods within annual basketball
periodization

6.5

Micronutrient Intake
in Basketball

Vitamins and minerals are also required in many
reactions involved with exercise and physical activity, including energy, CHO, fat and protein metabolism, oxygen transfer and delivery, and tissue repair
[33]. Moreover, they assist in many metabolic
pathways where micronutrients are required, and
exercise training may result in biochemical muscle
adaptations, synthesis, and repair of muscle tissue
during recovery from exercise, and a decrease in
oxidative stress promoted by exercise. The intensity, duration, and frequency of training and competition condition whether or not micronutrients
are required in greater amounts [49].

6.5.1

Vitamins Adequacy

Water-soluble vitamins comprise the entire B
vitamin complex and vitamin C. An adequate
intake of B vitamins is important to ensure
optimum energy production and muscle tissue
construction and repair [50]. For example, thiamine, riboflavin, niacin, pyridoxine (B6), pantothenic acid, and biotin are involved in energy
production during exercise [51, 52], while folate
and vitamin B12 are necessary for the production of red blood cells and the repair and maintenance of tissues—including the central nervous
system. Specifically, an inadequate intake of
folic acid has been described in athletes who
practice different sports [50, 53, 54], mainly
secondary to a deficient intake of total calories,
CHO, proteins, and other micronutrients. Some
data suggest that exercise may increase the need
for these vitamins to as much as twice the current recommended amounts [50, 55]. Although
short-term marginal vitamin B deficiencies have
not been seem to affect performance, a severe
deficiency of vitamin B12 or folic acid or both
may result in anemia and decreased endurance
performance [53, 56].
Fat-soluble vitamins include vitamins A, D,
E, and K, and the body stores them in various
tissues, which can result in toxicity if such vitamins are consumed in excessive amounts [57].
Few studies have examined whether exercise
increases the need for vitamins in basketball.
Additionally, the issue of dietary recommendations for vitamins and particularly for antioxidant
vitamins in athletes remains open because the
data found in the literature are controversial due
to the heterogeneous methods, interventions, and
types of exercise involved. One study [38] analyzing vitamin intake reported broad variations
among Greek basketball athletes. In this sense,
some vitamins were below the recommended
values for the healthy population, and this was
regarded as a potential limiting factor for athletic performance. On the other hand, elite junior
basketball players were seen to have intakes
above the recommendations for the majority of
the vitamins studied [34]. It should be taken into
account that micronutrient intakes below the
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recommended levels do not necessarily indicate
deficiency. However, since athletes may have
nutrient requirements higher than those of the
general population, intakes below the reference
values theoretically would be inadequate for athletes [29, 54]. The estimation of nutrient density
could be useful for assessing the quality of the
diet and for identifying insufficient intake considering the total energy ingested.
Antioxidant nutrient requirements and
exercise-induced oxidative stress raises the question of the optimal conditions for the adaptation
of antioxidants [55]. Although several studies
have shown specific vitamins to possess various
health benefits (e.g., vitamin E and vitamin C),
only a few studies have observed an ergogenic
value of vitamins for athletes (reviewed in [55]).
For example, vitamin C and E supplementation
in maximal exercising basketball players may
strengthen the antioxidant defense system by
decreasing reactive oxygen species (ROS) [58].
Optimum vitamin C bioavailability is shown to
be reached with an intake of 200 mg/day [57].
Consequently, supplementing above this intake
threshold has no effect on the vitamin C plasma
concentrations. Hypothetically, the decrease in
vitamin C and of other antioxidants [59] in the
early days of recovery from strenuous or prolonged exercise—particularly if muscle damage and inflammatory responses have been
induced—may be associated to increased vitamin
C utilization due to sustained oxidative stress in
the blood [60].
Recent research [61, 62] suggests that athletes tend to consume enough food to secure an
adequate intake of most micronutrients, with
some exceptions referred to vitamins A and
E. Although vitamin E intake among well-trained
athletes is below 12 mg/day, this does not pose
a risk of deficiency status [63]. Consequently,
the variation in training loads should be taken
into account when interpreting vitamin E status
[55] since the greater the training intensity, the
higher the plasma vitamin E concentrations are
[64]. With regard to vitamin A intake, it has been
reported that 10–25% of the studied athletes consumed less vitamin A than the dietary reference
intakes [65]. Interestingly, in only 5% of the 182
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athletes studied were the serum vitamin A levels
below 30 mg/dL [66]. Furthermore, more than
70% of elite junior basketball athletes showed
insufficient vitamin A levels based on the nutrient density calculations. In this line, the decrease
in vitamin A (at biochemical level) was directly
related to an increase in oxidative stress promoted by exercise in athletes with a low VO2max
[67] and a decrease in lipid peroxidation [49].
Although there are no specific recommendations for athletes, it seems that the needs are
increased by exercise. Nevertheless, the variety in sports disciplines makes it difficult to
define universal requirements for all sports.
Supplementation is recommended in case of
diagnosed deficiency, although this rarely occurs
in healthy athletes who eat a balanced diet.
Supplementation with antioxidants appears to be
useful in cases of an insufficient intake of vitamins, though no performance benefits have been
evidenced in athletes with adequate intakes. In
contrast, excess supplementation could result in
harmful levels due to prooxidant effects.

6.5.2

Minerals Adequacy

Minerals are required in small amounts and interact with each other to regulate physiological
functions [1, 33]. For example, iodine, iron, magnesium, and zinc are important in enhancing the
conversion of macronutrients into energy [49];
iron intake is required to form part of hemoglobin and is also necessary for DNA and RNA synthesis [55]; calcium, phosphorus, and magnesium
ensure the maintenance of bone mineral density
(reviewed in [1]); and selenium and zinc protect cells and tissues against damage by reactive
oxygen species, which are increased by exercise
[33]. Both the ACSM and the ISSN recommend a
well-balanced diet to meet mineral requirements
[1, 33]. However, athletes with limited energy
intake are at an increased risk of inadequate mineral intake.
A study carried out in elite junior basketball
athletes [34] recorded diminished intakes of
calcium and zinc (expressed as mg/1000 kcal).
An insufficient intake of minerals such as cal-
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cium, iodine, magnesium, and zinc has also been
reported in both men and women in other team
sports [62, 65, 68, 69]. Specifically, female athletes appear to be at highest risk of low bone mineral density linked to low calcium intake. Current
calcium recommendations for athletes with eating disorders, amenorrhea, or risk of early osteoporosis are 1500 mg of calcium and 400–800 IU
of vitamin D per day [33]. In the same way,
the relationship between magnesium status and
strength in team sport players has been investigated [70].
Another of the minerals presenting a strong
relationship with exercise is iron. In this regard,
the iron requirements of endurance athletes
increase by approximately 70% with respect
to the recommendation of 18 and 8 mg per day
for men and women, respectively [33]. Iron
deficiency, with or without anemia, can impair
muscle function, limiting performance capacity.
Relatively low concentrations of ferritin in athletes, and the potential for further decline during
the season when the physical load may be at its
highest level, suggest hematological monitoring
in combination with personal dietary advice [71].
Moreover, high-intensity training loads would
provoke changes in macroelements, which would
lead to electrolyte disturbances, suggesting that
1 week of high-intensity training would have an
impact upon microelement levels—especially
selenium and iron [72]. Among other essential
trace elements, zinc and copper have crucial functions in regulating the hematological system [33]
and act as antioxidant agents, decreasing reactive
oxygen species required for copper–zinc SOD
activity (copper–zinc superoxide dismutase) in
male basketball athletes [73].
The intermittent nature of basketball play
makes it difficult to establish recommendations
for meeting the actual requirements of the athletes since this sport involves aerobic metabolism
as the main energy source, alternating with periods of highly intense activity that require mainly
anaerobic metabolism. It would be necessary to
control the mineral status over a season in order
to assess whether the deficiency is chronic and
not sporadic. Previous studies [74] without
dietary supplementation have found no change in

the plasma concentrations of any of the minerals
in athletes after training. We can conclude that an
annual evaluation may be beneficial for athletes,
with additional monitoring only when clinically
indicated.
Key Points

• The intensity, duration, and frequency
of training and competition have an
impact on whether or not micronutrients
are required in greater amounts
• An adequate intake of water-soluble
vitamins (B vitamins and vitamin C) is
important to ensure optimum energy
production and muscle tissue construction and repair
• Fat-soluble vitamins include vitamins
A, D, E, and K, and the body stores
these vitamins in various tissues, which
can result in toxicity if consumed in
excessive amounts
• Although several studies have shown
specific vitamins to possess various
health benefits (e.g., vitamin E and vitamin C), only a few published studies
have reported an ergogenic value of
vitamins for athletes
• Diminished intake of minerals such as
calcium, iodine, magnesium, and zinc
has also been reported in both men and
women in basketball and in other team
sports
• Basketball makes it difficult to establish
recommendations since it involves aerobic metabolism as the main energy
source, alternating with periods of
highly intense activity requiring mainly
anaerobic metabolism

6.6

Hydration

Being well hydrated is a key factor that contributes to optimal health and exercise performance
in athletes. Generated as a by-product of muscle
work, perspiration helps to dissipate heat. It is
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often exacerbated by environmental conditions
and, therefore, helps maintain body temperature
within acceptable ranges [75]. Likewise, excessive perspiration will lead to a decrease in micronutrients, including sodium and minor amounts
of potassium, calcium, and magnesium, and
results in an alteration of normal physiological
functions.
Dehydration refers to the process where
the loss of body fluid leads to hypohydration
(Fig. 6.5). The metabolic heat generated by muscle contractions during exercise may eventually
lead to hypovolemia (decreased plasma/blood
volume), leading to cardiovascular hypotension,
increased glycogen consumption, altered metabolic and central nervous system function, and
increased body temperature. Specifically, studies on basketball and other team sports suggest
that ≥2% hypohydration can deteriorate sports
performance [76], with a progressive decline as
dehydration progresses from 1 to 4% [77], and
a reduction in anaerobic performance [78]. In
contrast to these findings, Carvalho et al. [79]
found that dehydration equivalent to 2.5% of
body weight had no effect on performance in

CONDITIONS

Limited fluid
availability or
drinking
opportunity

basketball drills, where perceived exertion was
observed to be increased.
In relation to match days, game day stress
can alter consumption habits, leading to over- or
under-hydration [17]. Given these considerations,
the ACSM provides a series of hydration recommendations [33, 75]. Specifically, the ACSM recommends that people should drink approximately
5–7 mL/kg body weight (about 2–3 mL/kg) of
water or a sports drink at least 4 h before exercise in order to optimize hydration status and to
excrete any excess fluid such as urine (Fig. 6.5)
[75]. Contrarily, excessive hydration with fluids
that expand the extra- and intracellular compartments considerably increases the risk of leaving
the competition, and it does not provide a clear
physiological benefit for performance. For many
team sports, the capacity to sustain high-intensity
efforts alternating with rest or lower intensity periods throughout a game is critical to the success of
an athlete [76]. Therefore, the type, intensity, and
duration of exercise should be considered, as they
alter the need for fluids and electrolytes.
Factors related to fluid availability (type and
amount), drinking opportunities (per the rules
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MODERATE
Risk

HlGH
Risk

Hot/
Humid
enviroment

MODERATE
Risk

HYPOHYDRATlON
(>2% body mass loss)

STRATEGIES

5-7 ml/kg of body weight of
water or a sports drink at least
4h before exercise

Na and K-containing
fluidsand beverages 6-8%
CHO (exercise events > 1h)

For rapid recovery drinking
450-675 ml per 0.5 kg BW
lost during exercise

Fig. 6.5 Risk of dehydration and drinking strategies and fluid replacement in team sports. (Adapted from [76])
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and structure of the game), exercise duration,
hydration education, and personal preferences
also play an important role in determining fluid
balance [80]. Sodium and potassium-containing
fluids help replace perspiration electrolyte loss,
while sodium stimulates thirst and fluid retention at the same time that CHO provide a good
energy source. In particular, beverages containing 6–8% CHO (e.g., CHO-electrolyte sports
drink combining such a CHO source with a fructose-based sugar) are recommended for exercise
events lasting more than an hour (Fig. 6.5) [33].
Prolonged exercise or heavy perspiration, where
sodium replacement is not covered or there is
excessive intake, may result in hyponatremia
(serum sodium < 130 mmol/L). Hyponatremia is
more likely to develop in athletes who perspire
less or consume excess water before, during, or
after an event [75]. Therefore, balanced food
and drink intake is recommended after exercise
to restore hydration status and replace fluids and
electrolytes lost during exercise. Rapid and complete recovery from excessive dehydration can
be achieved by drinking at least 450–675 mL of
liquid per 0.5 kg of body weight lost during exercise. High perspiration rates and fluid balance
disturbances have generally been mild, suggesting that drinking opportunities were sufficient to
provide most athletes with enough fluid to offset
losses [76]. In future studies, it would be helpful
to include studies directly comparing the effect
of hypohydration in different cohorts, in order to
determine who may be more susceptible to the
detrimental effects of hypohydration from both a
physiological and a performance perspective.

Key Points

• Significant hypohydration (≥2% body
mass deficit) has been reported in basketball athletes, with a progressive
decline in performance as dehydration
progresses from 1% to 4%
• The ACSM recommends that individuals
should drink at least 5–7 mL/kg of body
weight (about 2–3 mL/kg) of water or a
sports drink at least 4 h before exercise

• Sodium- and potassium-containing fluids help replace perspiration electrolyte
loss, and beverages containing 6–8%
CHO are recommended for exercise
events lasting more than an hour
• Rapid and complete recovery from
excessive dehydration can be achieved
by drinking at least 450–675 mL of liquid per 0.5 kg body weight lost during
exercise

6.7

Conclusions

In basketball, as in other team sports, the physical and physiological demands are closely
related to the nutritional requirements. This
chapter provides important information allowing a better understanding of the nutritional
demands and requirements in basketball players. In this sense, future studies should examine
the impact of different nutritional strategies in
an individualized way with the aim of improving the ability of players to sustain high exercise intensities during training and competition.
Furthermore, future research should be conducted to examine the specific physical demands
for better understanding of the energy, macronutrient, and micronutrient requirements as well as
of the hydration patterns. An overriding reality
is that an individual approach is needed to adequately meet each individual athlete’s nutritional
and hydration needs.
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Constructing a Medical Team:
The Medical Needs of a Basketball
Team
Benjamin Oshlag and Benjamin Boswell

7.1

Introduction

Comprehensive medical coverage for a basketball team requires a multidisciplinary team
with a cooperative approach toward addressing the various needs of the athletes. Medical
issues will frequently arise when dealing with
the athletic population, and the team’s medical
staff should be prepared to deal appropriately
with a wide range of conditions, from routine
to emergent, when they occur. Additionally,
preventative care is an important aspect of team
coverage, and yearly pre-participation physical
exams (PPEs) allow the medical team to screen
and assess athletes regularly. The medical team is
also responsible for establishing and maintaining
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an effective environment for the care of athletes,
including appropriate facilities, equipment, personnel, training, and emergency action plans.
The size and scope of a medical team will
vary depending on the resources and level of the
basketball team in question, but should be appropriate to manage the medical needs of that team.
In some cases, a team may provide direct access
and specialty care for all of its athletes’ needs,
while in others it may fall to the primary medical provider or the athletes and their families to
arrange for outside consultants and appointments
with specialists.
The medical needs of a particular team will
vary as well, including the requirements for facilities and staffing of the medical team. In general,
teams should have capabilities that satisfy at least
their baseline minimum level of need, which will
largely depend on the level of play of that team.
Additional factors such as financial restraints
or logistical concerns may also affect the overall structure and capabilities of a medical team.
Professional teams will usually require the highest level of involvement and coverage, followed
by collegiate and then high school teams.

7.2

High School Teams

There are a wide range of team facilities and training needs for high school teams, as there will be
numerous levels of competition, and different state
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requirements for athletic training needs and availability. Most teams will have a training room at or
near the primary location for practice and games,
which will often be shared with other sports. Most
teams will have an athletic trainer that covers all,
or at least several, sports at that high school, who
may or may not be present for each practice/competition. Most, but not all, teams will have an available physician who may or may not be trained in
Sports Medicine, but should be available for most
primary medical problems and to see athletes on
an as-needed basis.

7.3

College Teams

In collegiate athletics, the personnel and facility
needs will vary predominantly based on the level
of competitiveness, but will generally be higher
than most high school teams. Most collegiate
teams will have a dedicated athletic trainer or
student trainer that is focused primarily on that
team. Some teams may have dedicated physical
therapists as well. The athletic trainer will be on
the sidelines or nearby for all practices and competitions. The training room should be available
at all practices and competitions, but this will
frequently be shared by other teams. All teams
will have a physician available for the needs of
that team. Ideally this physician will either be a
sports medicine trained primary care physician
(PCSM) or orthopedic surgeon. At the higher
level Division I universities, the basketball team
will have both a PCSM physician and a sports
medicine-
trained orthopedic surgeon available
for all practices and present for all games. At the
lower levels, coverage will vary depending on the
capabilities and expectations of that university,
but will generally fall in between what is seen in
high schools and that at the Division I level. Most
college teams will have a medical examination
room available at or near the sports facility for
physician use, but this is not a requirement. The
capabilities of this medical facility will vary, but
ideally should be equipped for minor procedures
such as laceration repairs or splinting. If space
is not available, the team physician should have
a medical office nearby instead. Most college

teams will also have an affiliated medical center
for advanced medical needs.

7.4

Professional Teams

At the professional level, the training and facility
needs are far more standard. All teams will have
one or more dedicated athletic trainers that work
only for that team. They will be present at all
practices and competitions, and often present for
all team functions. It is also common for teams to
have physical therapists and other treatment specialists available to work with athletes as needed.
There should be a training room dedicated to
that team only, which will not be available to
anyone not affiliated with the team. Each team
will have a dedicated head PCSM Physician and
head sports medicine-trained orthopedic surgeon.
One or both of these physicians will also serve as
the team’s medical director(s), and should be in
charge of all services by the medical providers. In
the United States, in order for a physician to care
for professional athletes, they must be board-
certified in their primary specialty, and should
also obtain a Certificate of Added Qualifications
in Sports Medicine (CAQSM) after successfully completing a Sports Medicine fellowship.
Worldwide, providers should be familiar with
their national and local requirements for maintaining certification in their specialty. All professional teams should have a medical examination
room available for team physician use, with
equipment available for primary medical care
and basic procedures, and often will have medical imaging available on-site as well. Each team
will typically also be affiliated with a nearby
medical center to accommodate the advanced
medical needs of the athletes. The team’s medical
director(s) will oversee coordinating the medical
care for that team.

7.5

Medical Team Personnel

The primary medical team should include both a
primary care sports medicine physician as well
as a sports medicine-trained orthopedic surgeon.
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Additionally, the medical team should include
several other staff with specialty training, including certified athletic trainers and/or physical
therapists.
In the United States, primary care sports medicine (PCSM) physicians are doctors with an MD
or DO degree who then complete residency training in family medicine, internal medicine, pediatrics, emergency medicine, or physical medicine
and rehabilitation, and a 1-year fellowship in
primary care sports medicine. PCSM physicians
specialize in the treatment of nonoperative orthopedic conditions as well as the general medical
needs of the athlete. They provide care for acute
injuries including sprains, dislocations, and fractures, chronic overuse injuries, concussions,
exercise and nutrition guidance, and return to
play decisions, as well as athletes with acute and
chronic medical illnesses.
Orthopedic sports medicine surgeons are
MDs and DOs who complete an Orthopedic
Surgery residency and then a 1-year fellowship
in Orthopedic Sports Medicine.
They specialize in the treatment of athletes
and sports-related injuries from a surgical perspective although a majority of their care will
likely also be nonoperative treatment.
Certified athletic trainers (ATCs) complete a
bachelors or master’s degree program from an
accredited professional athletic training education program. Athletic trainers collaborate with
team physicians to provide care to athletes, with
a focus on prevention, examination, diagnosis,
treatment, and rehabilitation of acute, subacute,
and chronic medical conditions. They also provide organizational and professional health and
well-being, developing, administering, and managing facilities to provide health-care services to
athletes.
Physical therapists complete a 3-year doctor
of physical therapy (DPT) program after earning their undergraduate degree. Additionally,
some physical therapists have additional training
through residency and fellowship programs specializing in sports-specific therapy and rehabilitation, including recovery from injuries, surgeries,
and return to play, and may have a specialty certification in Sports Physical Therapy. Physical
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therapists are musculoskeletal movement experts
who help patients optimize quality of life and
performance through prescribed exercise, handson treatment, and education. They are crucial to
helping athletes recover from both minor and
more significant injuries, and maintaining peak
performance throughout the season.
Other medical personnel and specialists can
help augment the medical team as resources and
athlete needs dictate. These can include sports
performance coaches, nutritionists, sports psychologists, chiropractors, massage therapists,
and others. In addition, various medical specialists will frequently be needed for specific athlete
injuries or complaints, and should be available
either as a part of the primary medical team or
as easily accessible consultants familiar to the
medical team members. These include orthopedic subspecialists, cardiologists, neurologists,
otorhinolaryngologists, ophthalmologists, dermatologists, and dentists, and other medical subspecialties as athlete conditions dictate.
The foot and ankle are the most common sites of basketball injuries, representing
about 40% of all injuries. Because of this, it is
important to have medical staff available who
are specialists in this area, including an orthopedic foot and ankle specialist. Knee injuries
make up about 15% of all basketball injuries,
and can typically be managed by sports medicine physicians and orthopedic surgeons [1–5].
While they are not the most common in terms of
occurrence, they account for the largest amount
of lost playing time, especially in recovery
from injuries that require surgery. Studies have
shown that improper landing mechanics confer
an increased risk of anterior cruciate ligament
(ACL) tears, and have suggested that modifying
these mechanics through work with a physical
therapist or athletic trainer might help to reduce
this risk without compromising performance
[6–8]. Arm and hand injuries are slightly less
common, making up about 9.6% of total injuries, with the most common being sprains and
dislocations of the proximal interphalangeal
joint of the fingers. These injuries can typically
be managed by the primary medical team as
well, although consultation with a hand surgeon
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is recommended for complex or significant injuries to the wrist, hand, or fingers [1–5].
About 13.6% of injuries in basketball occur to
the head, neck, or face of the athlete. These injuries can include contusions, neck muscle strains,
concussions, lacerations, and more significant
injuries to the eyes, nose, and mouth. Depending
on the type and severity of injury, it may be necessary to seek treatment from a specialist [5, 9].
Simple lacerations occur frequently, and can
often be managed by the primary medical team if
appropriate supplies are available. These should
include a variety of suture size and material, as
well as suture kits, gloves, irrigation supplies,
gauze, and dressings. Other methods of closing
lacerations and controlling bleeding are important as well, especially in more time-sensitive
situations where rapid treatment and return to
play are desired. Skin glue, wound closure strips
(such as Steri-Strips), and topical pro-coagulants
or vasoconstrictors can all help control bleeding
and get an athlete back to play quickly. These
can often be applied by the athletic trainer on the
sideline when needed.
An estimated 7500 eye injuries occur during
basketball activities in the United States per year.
Any significant eye injury should be evaluated
promptly by an ophthalmologist. Additionally,
the Academy of Ophthalmology “strongly
recommend[s]” eye protection for all athletes
at risk for eye injury, and eye protection should
be required for any athlete with one eye or who
have had recent eye surgery or trauma. Red flags
for eye injuries that need immediate attention
include vision loss, double vision, abnormal or
painful eye movements, or abnormal pupils [5,
10, 11].
Nose injuries, including nasal bone fractures,
often do not need specific treatment, but depending on the severity may benefit from treatment by
an otorhinolaryngologist. Bleeding control is an
important immediate consideration for nose injuries, and may initially be managed by the sideline
provider or athletic trainer with direct pressure or
appropriate nasal packing [5, 9].
Oral injuries are also relatively common, with
estimated injury rates ranging from 1 to 14%.
Permanent teeth have limited healing ability, and

mouth guards have been shown to reduce the
incidence of dental injury. In cases of significant
dental trauma, the athlete should be evaluated
by a dentist as quickly as possible, as delays in
treatment reduce the viability of the injured teeth
and limit treatment options. Avulsed teeth can be
transported in specialized solutions to help maximize the chances of successful re-implantation.
Available solutions include Viaspan and Hank’s
Balanced Salt Solution, and should be considered
for inclusion in the athletic trainer’s sideline supplies [5, 12–16].
Concussions are an important and increasingly publicized medical injury, and occur frequently in basketball from head and face trauma
during practices and games. The mechanism of
injury is most often due to direct contact from
another player, but can also occur with head
strikes against the court or other equipment. Both
the athletic trainer and team physician should be
well-trained in identification and diagnosis of
athletes with a suspected concussion, and protocols should be in place for management, including immediate removal from play and sideline
neurologic testing. Athletes with a confirmed
concussion should undergo further evaluation
by the primary team physician, and a treatment
plan developed between the athlete, physician,
athletic trainer, and physical therapist as appropriate. Return to play protocols should be established prior to the season by the team physician,
and initiated by the physician and/or ATC as
the athlete recovers. Athletes with prolonged or
severe symptoms may benefit from evaluation by
a neurologist with expertise in sports and/or head
injuries [5, 9].

7.6

Pre-Participation Physical
Exams

The pre-participation physical exam (PPE) is an
important part of medical coverage for all athletes and teams. Every athlete should be evaluated annually to address any health concerns and
screen for any potential medical issues. These
exams should be performed by the team PCSM
physician and/or orthopedic surgeon, but can be
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assisted by athletic trainers, nurses, and medical
assistants to help expedite the process especially
with larger groups of athletes.
The overall goal of performing the PPE is to
promote the health and safety of the athlete both
in their training and in competition. It has been
considered a screening tool to evaluate for injuries, illnesses, or other factors that may be preventable for future illnesses or injuries. For the
PPE to be effective, it must be sensitive, accurate, affordable, and practical. Current data on
the ability for the PPE to satisfy these criteria are
lacking, and research demonstrates that PPE has
little effect on the overall morbidity and mortality
of athletes [17].
The National Federation of State High School
Association (NFHS) considers the PPE a prerequisite for participation. The National Collegiate
Athletic Association (NCAA) recommends,
and most institutions require, a PPE at least on
entrance to the program. Youth sports governing bodies do not have a uniform or consistent
requirement for a PPE. This large group of young
athletes participates with little or no formal
screening prior to sports activities other than routine well-child examinations [18]. No uniform
requirements exist for professional athletes, so
the standard PPE varies between different professional sports organizations.
The primary PPE goals and objectives are to
detect potentially life-threatening or disabling
medical or musculoskeletal conditions, and to
screen for medial or musculoskeletal conditions
that may predispose an athlete to injury or illness during training or competition. The secondary goals and objectives are to determine general
health, to serve as an entry point into the health-
care system for adolescents, and to provide an
opportunity for discussions on health and lifestyle issues [18].
The PPE process involves a questionnaire,
review of systems, vital signs, and a physical examination. The questionnaire should be
reviewed by both the athlete and their guardians.
The questions focus on family history and personal history items that may be flags for abnormalities that can place the athlete at risk for illness
or injury. A comprehensive personal and family
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history is critical to identifying a proportion of
asymptomatic athletes at risk for sudden cardiac
death (SCD) [18]. The review of systems focuses
on all organ systems that can be problematic for
the athlete. Vital signs should be reviewed by the
examining provider. The physical examination
should involve both a general medical evaluation
and an evaluation focused on the musculoskeletal system. These aspects of the PPE should be
standardized to evaluate the overall health of the
athlete.
A focus of the PPE is to evaluate for the risk of
sudden cardiac death (SCD). The exact incidence
of SCD is unknown in the United States, as studies to date have relied on nonmandatory reporting systems and surveys that may underestimate
the true incidence [19]. SCD in athletes occurs
more commonly in males, with a male:female
difference ranging from 5:1 to 9:1 [20]. Although
SCD can occur in any athlete, these deaths occur
more frequently in those participating in football
and basketball in the United States. A disproportionate amount (>40%) occur in United States
African American athletes [18]. Therefore, there
should inherently be an emphasis on screening
for SCD in this population.
SCD in young athletes is due to a heterogeneous group of structural cardiovascular abnormalities and primary electrical diseases that can
go undetected in otherwise healthy-appearing
athletes [19, 20]. In the Unites States, hypertrophic cardiomyopathy (HCM) and congenital
coronary artery anomalies are the most common
etiologies of SCD. While the combined prevalence of all cardiovascular disorders known to
cause SCD in the young athletic population is
estimated to be 3:1,000 [21].
The American Heart Association (AHA) recommends the PPE to include auscultation for heart
murmurs, palpation of femoral pulses to exclude
aortic coarctation, examination for the physical stigmata of Marfan syndrome, and a brachial
artery blood pressure taken in the sitting position
[21]. Auscultation of the heart should be performed in both the supine and standing positions
(or with Valsalva maneuver), specifically to identify murmurs of dynamic left ventricular outflow
tract obstruction, most specific for HCM [18].
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A highly-debated topic in sports medicine and
sports cardiology is the screening electrocardiogram (ECG). The AHA recommended against
cardiovascular screening of asymptomatic athletes with the ECG because of a poor sensitivity,
high false-positive rate, poor positive predictive
value, poor cost-effectiveness, and the total cost
of implementation [22]. The governing associations of several US and international professional
sports leagues, specifically football and basketball, support the routine use of ECG, in addition to personal and family history and physical
examination, in the pre-participation screening of
athletes [23]. Recent studies are helping to refine
the ECG criteria used to distinguish normal from
abnormal findings in athletes in hopes to increase
effectiveness and decrease the false-positive rate
of ECG screening.
Any athlete with a PPE screening concerning for hypertrophic cardiomyopathy (HCM) or
other cardiac abnormality should be referred to
a cardiologist for further testing, including ECG,
echocardiography, and/or cardiac MRI, before
being cleared to return to play. Cardiologists
with specific knowledge or experience working with athletes are preferred if available, but
appropriate studies can be performed by most
cardiologists [5].

7.7

Equipment

The medical team will require several resources
in addition to the personnel outlined above.
Supplies, equipment, and facilities must be available to help treat and support the athletes.
Equipment should be available for basic
management of traumatic injuries at all basketball practices and games. Providers and Athletic
Trainers covering games should be prepared for
primary management of injuries ranging from
minor to severe. All medical personnel should
be trained in and practice universal precautions
to protect against exposure to biohazardous
material.
All providers should be trained in the use of an
automatic external defibrillator (AED). If an athlete collapses and is unresponsive, SCD should

be suspected until proven otherwise. Early defibrillation and early CPR are the most significant
factors in improving outcomes in these cases,
and all providers should be fully prepared to initiate these as soon as possible. An AED should
be readily available and easily accessible during
all practices and games. Additionally, all medical personnel should complete refresher training prior to the start of each season to maintain
their skills, as studies have shown that familiarity
with rarely used skills and protocols will deteriorate after only a few months without practice or
simulation.
In addition, all basketball practices and competitions should have equipment available to
manage a traumatic spinal cord injury. While
the utility of routine use of long backboards for
immobilization in cases of suspected injury has
recently come under question, some equipment
for stabilization and transport of athletes with
suspected spinal injuries should be available, and
all medical personnel should be trained on and
familiar with their use.
Athletic trainers covering basketball events
should have medical sideline bags that include
tools for basic injury management.
Medical providers covering basketball events
should also have basic tools for injury management, as well as equipment for more advanced
medical care.
It is important to remember to keep medical
equipment readily available while traveling with
a team. Medical issues can occur while in transit,
so essential supplies should not be stored away
with the luggage or in another vehicle, in case an
incident occurs.
Available imaging modalities will vary
depending on resources. There are no universal
guidelines for what imaging modalities should
be available. Most professional venues will have
basic radiographic imaging available on-site,
while advanced imaging will typically require
transport to a nearby medical center or hospital. High school and college events will have a
wide variety of imaging availability, with some
having installed or portable X-ray, but others
necessitating transport for any imaging. Portable
ultrasound has become an increasingly popular
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imaging modality that may be available on-site,
but will usually be dependent on present medical
personnel.

7.8

Emergency Action Plan

Every location utilized for a basketball practice or
competition must have an associated emergency
action plan (EAP) in place for emergent events.
The EAP is a comprehensive plan set in place for
each emergency scenario that could occur during
a sporting event or practice. It not only outlines
initial treatment steps that should take place on the
court or in the locker room but will also include
detailed protocols including maps and diagrams
of relevant facilities, methods of transportation,
routes, destinations, emergency contact information, and lists and roles of all personnel involved.
For example, in the setting of a player cardiac
arrest, the EAP should specify the location of
the AED, the entry way for emergency medical
personnel (EMS), the method of transportation
(ambulance), and the hospital to which the player
will be transported. The athletic trainer or athletic
director will oversee the coordination of the EAP,
in conjunction with the team physician and local
emergency medical services (EMS), and should
include all services responsible for covering the
event. Furthermore, it is the responsibility of the
athletic trainer to ensure that all medical personnel are oriented to the execution of the EAP for
all foreseeable scenarios, and the plan should be
reviewed with physicians, trainers, and the rest
of the medical team on a regular basis. The EAP
is the framework for how the medical personnel
will manage emergency, nonlife-threatening, and
life-threatening events, and should be considered
of the utmost importance for all sporting events.

7.9

Summary

In constructing a medical team to care for a basketball team, a multidisciplinary approach with
cooperation between physicians, athletic trainers, physical therapists, and specialists can help
meet the wide-ranging needs of the athletes.
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While teams at different levels will have different resources and capabilities, and the ideal situation may not always be achievable, at a minimum
the medical team should maintain the personnel, equipment, and facilities to address acute
and chronic injuries and illnesses of the athletes,
emergent situations, and regular screening physical exams.
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The Role of Pre-participation
Assessment and Screening
in Basketball
Mark Rogers and Shan Fairbanks

8.1

Introduction and Goals
of PPE

The pre-participation evaluation (PPE) is a comprehensive history and physical exam performed
by a medical provider for amateur and professional
athletes of all ages [1, 2]. The origins of the PPE
date back to the late 1800s in an attempt to bring
physical education to local British primary schools.
Extrusive physicians obtained a detailed history
about a child’s background, living conditions, and
medical history prior to starting physical education
[3–5]. Continued efforts were made in the United
States by physicians during World War II, as mass
screenings were performed on draftees by the
United States Selective Service. This group found
upwards of 25% of draftees unfit for military service. Results of these early screenings led to integration programs in high schools throughout the
nation to prepare graduates for service. The United
States then created a school health exam becoming
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known as the standardized pre-participation evaluation, focusing on “correctable defects,” designed
after the military medical evaluation [6, 7]. The
American Medical Association (AMA) took notice
calling for youth athlete screening [8].
The PPE, in the United States, is balanced by a
governing agency of six medical societies including the American Academy of Family Physicians
(AAFP), American Academy of Pediatrics (AAP),
American Medical Society for Sports Medicine
(AMSSM), American College of Sports Medicine
(ACSM), American Orthopedic Society of Sports
Medicine (AOSM), and American Osteopathic
Academy of Sports Medicine (AOASM). The PPE
unfortunately was not developed in an evidencebased format [1]. Despite greater than 40 years of
active use, there is a lack of outcome-based data
leading to an underlying controversy. For a PPE to
be effective, the exam should be sensitive, accurate, practical, and cost-effective. Currently, the
PPE is unable to meet that criteria [2]. Evidence
indicates that despite a thorough PPE, there is
little effect on overall morbidity and mortality [1,
9]. Even though there is an absence of evidence
to reduce morbidity and mortality from cardiac
etiology, examinations continue to be performed
throughout the world prior to sport-specific activity [2]. Nonetheless, the PPE is considered the
standard of care for athletes, including basketball
players, despite the above limitations. Upwards of
75–88% of medical or orthopedic conditions can
be detected by history and physical alone. This
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could help medical professionals prepare to prevent further injury and better manage conditions
for all athletes.
Greater than 30 million amateur athletes and
more than 3 million athletes with special needs
will receive medical clearance for sporting activities yearly [2]. The overall goal of the PPE is to not
withhold any competitors but promote long-term
health and safety [1, 9]. PPE primary objectives
include detection of conditions that may predispose
an athlete to injury, detection of life threatening or
disabling conditions, and meet insurance or legal
requirements to play a sport [2]. Secondary goals
include maintaining general health considerations
(i.e., mental health, immunizations, amenorrhea,
and stress fractures), counseling on health-related
issues (i.e., sexually transmitted infections, performance-enhancing drugs, and disordered eating),
assessing fitness levels for sport-specific activity
(i.e., maturity), and serve as an entry point for adolescents to the health-care system [3, 9]. The AAP
notes that nearly 10% of adolescents may have a
chronic condition which may go undiagnosed due to
lack of medical care [1, 2]. Regrettably the conduct,
content, and efficacy of PPEs have remained unstandardized across organizations and countries [1].
Ideally, timing of the exam should be performed
6–8 weeks prior to the start of the season. This
allows for adequate time for any identifiable problems to be evaluated, treated, and rehabilitated [2,
9]. Timing may be limited by many factors such
as age of the participants (if underage, allowing a
parent or guardian to be present to assist with the
history); availability of health-care professionals
to perform exams; and health insurances [10, 11].
The frequency of PPEs has also been called into
question as sporting organizations have made variable recommendations. The National Collegiate
Athletics Association (NCAA) requires an initial
comprehensive PPE prior to matriculation with
interval updated history with physical exam during the following years [1]. The American Heart
Association (AHA) recommends a PPE when
starting a new level of competition, beginning
during high school, continuing through college,
or pro level with interval cardiac screening every
2 years and annual blood pressure readings [2].
Comparatively the college athletic department

may require a yearly comprehensive exam based
on school year with an entrance and/or exit exam.

8.2

Methodology of a PPE

There are many methods to organizing pre-
participation exams. PPEs can be performed by
a single provider in an office-based setting or a
coordinated team-based format. The AAP and
AAFP have recently endorsed the pre-participation
physical being incorporated into the annual physical exam [9]. Advantages encompass continuity of
medical care from the primary care provider (PCP),
follow-up care, preventative services, and appropriate record keeping through the electronic health
record. This allows examinations to be evenly distributed throughout the year, privacy in a doctor–
patient relationship, and allows athletes without
a medical home the opportunity to access health
care. Disadvantages to the office-based model consist of limited time for appointments, greater cost,
narrow physician experience in sports-related illness or injury, and potential lack of communication
between PCPs to the designated athletic staff [2, 9].
Team-based approaches to the PPE include
multiple health-care providers, usually led by
a licensed physician (MD or DO), or advanced
care provider [12]. Specialist physicians such
as orthopedists, neurologists, and cardiologists
may be present to lend their expertise. Additional
advantages to the team-based model include time
efficiency, cost effectiveness, and communication
with pertinent athletic staff. The team may consist
of coaches, strength personnel, nurses, medical
assistants, athletic trainers, nutritionists, physical
therapists, and physiologists [1, 9]. Each person
will be designated a particular assignment to assist
flow through each station. If group-based examinations must be performed away from the medical
home, team physicians and staff are preferred (i.e.,
university-based staff, Olympic team providers).
This allows the team physician and staff to establish relationships with the athletes they will be caring for during the allotted season(s). If performing
multi-station PPEs, the AAP and ACSM have recommended closed rooms for confidential review
of historical forms and physical exams [1, 2, 9].
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8.3

Historical Information

The basic framework of PPEs are usually the
same; however minor differences may be experienced based on the demands of certain sports
[13]. For instance, the physicality of basketball
has evolved and is now becoming accepted as a
contact sport, with players suffering more tragic
injuries [13]. A thorough medical history remains
an essential component of the PPE encounter to
identify medical conditions that may interfere with
athletic participation. All previous medical issues
should be disclosed and addressed. The PPE historical documentation should be completed by the
athlete, or jointly by a parent or legal guardian if
underage. Emphasis should be placed on cardiovascular, musculoskeletal, and neurologic pathology. The medical history improves the accuracy of
the PPE. Medical history including medications,
supplements, past surgeries, and positive screening
questions should be reviewed by the physician in a
private setting, allowing for subsequent questions
to determine any further intervention or testing.

8.3.1

Medications and Supplements

All medications prescribed, over the counter medications, and supplements should be reviewed during the evaluation. Routine documentation of all
prescribed medications for each athlete, including therapeutic use exemption (TUE), should
be available upon request. In competitive sports
such as basketball, governing agencies (i.e., NBA,
WADA, FIBA) may have a list of prohibited
medications and supplements. Reviewing protocols for inappropriate medications and banned
substances by medical staff should be performed
yearly within the annual or interim PPE [13]. This
is also an opportunity to counsel players on the
hazards of these substances and provide reminders of which substances are banned [13, 14].

8.3.2

Cardiac History

The cardiovascular portion of the PPE has been a
source of debate over the last few years second-
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ary to high-profile cardiac deaths of elite athletes
in sports like football and basketball [13, 14].
Cardiovascular disorders are a leading cause of
athlete death. The risk of sudden cardiac death
(SCD) in male, African American college athletes
is 6.25 per 100,000. The risk of SCD rises to 19
per 100,000 in NCAA college basketball players
[15]. The underlying rationale in cardiac screening
is to identify cardiac pathologies and attempt to
prevent sudden cardiac death [13]. SCD is usually
caused by structural diseases within the heart (i.e.,
hypertrophic cardiomyopathy, congenital coronary anomalies, myocarditis), valvular pathology
(i.e., aortic stenosis or rupture), and arrhythmias
(i.e., Long QT, Brugada, Wolff Parkinson White).
The AHA and American College of Cardiology
(ACC) have created a risk stratification questionnaire used during PPEs to reduce the risk of sudden
cardiac death related to heart conditions associated with physical activity and exercise. Questions
include red flag symptoms and family history
which are used to detect potential etiologies for
SCD [16] (see Table 8.1). Objective findings which
may be consistent to SCD include new onset heart
murmurs or hypertension. Family history is also
extremely important; questions should include any
known genetic disorders (i.e., long QTc, HCM),
previous death of a family member younger than
35 years old from an unknown cause, or heart disease in close relative prior to 50 years old.

8.3.3

Cardiac Exam

The cardiac exam is indispensable to the PPE
and should be comprised of brachial artery
blood pressure with an appropriate-sized cuff,
in both arms. Elevated blood pressures should
be rechecked after a 15-min rest period. All
blood pressures greater than 160/100 in adults
and greater than the 95th percentile in children
should be further investigated with lab work,
EKG, and consideration for renal artery duplex
for underlying secondary hypertensive etiologies.
Participation should be delayed until diagnostic
work-up is complete. Upper and lower extremity pulses should be palpated to assist in ruling
out coarctation of the aorta and irregular pulses
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Table 8.1 AHA screening recommendations
American Heart Association recommendations on
screening for cardiovascular abnormalities in
competitive athletes
Personal cardiac history:
– Elevated blood pressure
– Excessive dyspnea or fatigue with exercise
– Exertional chest pain or discomfort
– Prior heart murmur
– Unexplained syncope or near syncope with exercise
Family history:
– Disability from heart disease in close relative prior to
50 years of age
– Premature death (sudden or unexpected) before
50 years of age
– Specific knowledge of certain cardiac conditions:
hypertrophic or dilated cardiomyopathy, long QT
syndrome, Marfan syndrome, or arrhythmias
Physical exam:
– Brachial artery blood pressure, performed in the
sitting position
– Height and weight
– Cardiac auscultation with provocative maneuvers
– Physical signs of Marfan’s syndrome
– Femoral pulses, to evaluate for coarctation
Adapted with permission from the American Heart
Association, Maron BJ, Thompson PD, Ackerman MJ, et al.
Recommendations and Considerations Related to
Preparticipation Screening for Cardiovascular Abnormalities
in Competitive Athletes: 2007 Update; A Scientific Statement
from the American Heart Association Council on Nutrition,
Physical Activity, and Metabolism: endorsed by the
American College of Cardiology Foundation. Circulation.
2007;115(12):1643–1655

alluding to arrhythmia. Heart auscultation should
be performed in a quiet exam room in both the
standing and supine positions. Murmurs should
undergo provocative maneuvers to help differentiate pathologic from functional murmurs. Any
systolic murmurs with grades III to VI in severity, diastolic murmurs, or a murmur louder with
valsalva should undergo echocardiogram [9].
The last portion of the cardiac exam should
include screening for Marfan syndrome stigmata. Marfan syndrome is an autosomal dominant connective tissue disorder of multiple organ
systems (i.e., cardiac, musculoskeletal, ocular)
secondary to mutations in FBN1 gene which
codes for fibrillin 1 [17]. Most tall athletes do
not have Marfan syndrome although certain
athletes, including basketball players, may be
suspected based on their stature. Phenotypically
Marfan syndrome varies significantly. Objective

findings may include chest deformities (pectus
excavatum), arachnodactyly, arm span greater
than height, scoliosis, ectopic eye lens, systolic
murmur exaggerated with provocative maneuvers, Steinberg sign (tip of thumb protrudes
while thumb folded inside a fist), wrist sign
(thumb and index finger encircle the wrist), and
a previous family history [9, 17]. Diagnosing
Marfan syndrome should be based on symptom
score or revised Ghent criteria [17].

8.3.4

Screening EKG

Pre-participation electrocardiogram (EKG) remain
a source of debate as to whether they are worthy of
being part of the PPE screen. Many major medical
societies agree that EKGs are known to improve
the sensitivity of the PPE cardiac screening to near
60% in association with identifying certain cardiac
conditions that may cause SCD [13]. Currently,
the overall consensus by specialty organizations
recommend against routine EKG screening secondary to higher false-positive and false-negative
rates. According to those organizations, EKG
testing should be reserved for athletes who demonstrate high-risk cardiac behavior on history or
physical exam. False-positive EKG testing may
actually be induced by normal physiologic changes
to an athlete’s heart from prolonged training and
improved cardiovascular fitness [9, 18, 19]. A
study from the Veneto region of Italy in the 1970s
showed a decreased risk of morbidity and mortality by performing routine EKGs on their young
athletes. Since this study’s results have not been
reproduced, the cost–benefit ratio utilizing screening EKGs to decrease morbidity and mortality
lends itself to debate. Although new evidence has
been identified in athlete-specific EKG interpretation, the Seattle criteria has compressed false-positive rates below other commonly used screening
tests [18]. Performing routine EKGs may prove a
benefit to higher risk populations such as African
American or Caribbean males, basketball players,
and high endurance athletes [18, 19]. More evidence will be needed to determine the future of
screening EKGs during PPEs and whether they
should become standard practice.
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Commonly at the collegiate and professional
levels, screening EKGs are performed routinely;
however this discussion should be carefully considered by the medical team. This is supported
by a recent prospective study using 3620 high
school athletes from 2014 to 2017 performed
by Williams [20], which compared the AHA14-point cardiac history to a resting EKG using
the Seattle criteria to identify cardiovascular risk
factors associated with SCD. Limited echocardiograms were also performed for all screening
abnormalities to assist in evaluation of the athlete. Results indicate that 22.5% of student ath-
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letes had at least one positive response to the
cardiovascular screening questions. The physical
exam was abnormal in 9.8% of athletes, and 2.8%
of athletes demonstrated an abnormal EKG. The
sensitivity (18.8%), specificity (68.0%), and positive predictive value (0.3%) of the AHA 14-point
evaluation was substantially lower than the sensitivity (87.5%), specificity (97.5%), and positive
predictive value (13.6%) of EKG group [20]. The
conclusion from the study is encouraging to support 14-point cardiovascular history alone may
not be adequate enough without the assistance of
EKG in predicting SCD.

Electrocardiogram (EKG) screening. Picture courtesy of Connor Rogers

8.3.5

Musculoskeletal History

Musculoskeletal injuries remain the forefront of
any team physician or health-care professional
during a PPE. The goal of the musculoskeletal
history and physical exam is to localize bone,
muscle, or joint pathology to prevent injury or
use the examination as a baseline for return to
play activities. Questions should focus on preceding sprains, strains, fractures, dislocations, or
tears to the musculoskeletal system that limited
the athletes’ playing time. The length of time

away from practice or games may help elicit the
severity of the injury [2, 9]. If the pain is present
from previous injuries, or if the injury is unstable
or weak may prompt further rehabilitation before
medical eligibility is granted.
Basketball players use explosive maneuvers
like running, jumping, shuffling, and cutting on
hardwood floors. Being mindful of sport-specific
movements may assist a provider’s physical
exam in attempts to provoke weaknesses, imbalances, or instabilities. Basketball is played with
significant forces from the ground through the
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lower extremity, pelvis, and torso. As a result,
lower extremity injuries are the most prevalent
[1]. Providers should ask about previous stress
fractures or overuse injuries to the lower extremities. Lastly, questioning about a personal and
family history of rheumatologic, degenerative, or
other joint conditions may be appropriate.

8.3.6

Musculoskeletal Exam

The musculoskeletal physical exam should focus
on major joints overlying the extremities and
axial skeleton. In athletes who are asymptomatic
with no preceding injuries, a general screening
exam from head to toe is justifiable although sensitivity may be as low as 50% [21]. The general
musculoskeletal exam consists of inspection, palpation, range of motion, strength, and neurovascular assessment of the extremities. Spine can be
evaluated efficiently using range of motion, palpation, and provocative testing [21].
If any abnormalities found within the general
screening exam or known injuries, individual
joint evaluations should be performed using highyield special tests. Testing each joint thoroughly
may avoid injury and enhance performance but
is also time consuming and may be challenging to perform during a routine screening PPE
unless a physician has detailed knowledge of
sport-specific activity [21–23]. Any positive testing compared from side to side should be further
investigated with functional screening or diagnostic testing.

8.3.7

Functional Movement
Screening vs. Sport-Specific
Testing

Functional movement screening (FMS) is a tool
to assist health-care professionals screen patients
and athletes to predict injury by monitoring dysfunctional movement patterns. FMS is used to
identify asymmetries in the kinetic chain and
core to analyze shortcomings in activity which
can be corrected through pertinent exercises [22].
The original thought was that strengthening these

deficiencies in the kinetic chain and core would
predict and decrease injury. Unfortunately, evidence to support screening athletes during PPEs
with functional movement testing is limited and
relatively unclear of benefits [22–25].
Basketball remains a popular sport in developed nations. Different age groups have their
underlying problems and pathology. Younger
basketball players who are developing their musculoskeletal and neuromotor functions may have
more difficulty with basketball-specific movements [23]. Basketball players unload energy
from the floor through their hips using dynamic
lateral movements, quick change of direction,
and eccentric loading. These powerful moves
put strain on the neuromuscular control of the
lower extremities and core. The hip and pelvis
serve as a force transfer length between the lower
extremity and torso, as such is an at-risk region
for injury. The hip, knee, and ankle are predisposed to injuries secondary to overuse, instability, lower crossed syndrome (see Table 8.2 and
Fig. 8.1), and ligament and tendon damage.
Predicting injuries using FMS has been studied
for the 20 plus years. Although FMS has some
promise in rehabilitation for lower extremity and
core injuries, most data using FMS as a prevention or prediction model for injury is circumstantial at best [24–26].
Identifying injury risk and implementing preventive measures can assist with reducing injury
occurrence and may ultimately improve athletic performance. Improper movement patterns
often contribute to musculoskeletal injuries [23].
Sport-specific testing, looking at the most common injuries, and mechanisms is the next step in
screening. Screening tools that inspect the kinetic
chain, functional testing, balance, posture, and
flexibility are great for evaluating musculoskeletal deficiencies but may not be indicative to
predicting injuries, and are limited based on age,
sex, and body mass of the athlete [23, 26, 27].
There is some evidence to using the Y-balance
and star excursion balance testing in identifying those at risk for lower extremity injuries
but according to Plisky, evidence may be bound
only to high school men and women [28]. Single
leg squats and the drop box testing have some
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Table 8.2 Muscle imbalance/lower crossed syndrome
Lower crossed syndrome (pelvic crossed syndrome)—common in basketball athletes
– Muscle deficiency of the core, imbalance between muscles shortened or lengthened of ventral and dorsal sides
– Caused by strength imbalances in the lower segment
– Overactivity in hip flexors and lumbar extensors which causes weakness in the lower abdomen, gluteus maximus,
and medius
Two types
– A: Anterior pelvic tilt and hip flexion, hyperlordosis lumbar spine, hyperkyphosis thoracic spine
– B: Minimal lordosis lumbar spine, minimal kyphosis thoracic spine, anterior head carriage, knee recurvatum
Exam
• Inspection of compensatory patterns
• Gait analysis
• Passive muscle testing
 – Thomas test, straight leg test for hamstrings, quadratus lumborum testing, erector spinae flexion, and extension
• Active muscle testing
 – Hip extension (hyperextension phase gait), hip abduction (will see hip abduction and lateral flexion), trunk
curl (difference in strength abdominal muscles vs. iliopsoas), gluteus muscle firing pattern
Management
– Rehabilitative exercises targeting posture, core strengthening, and gait training
– Reverse the compensatory pattern
– Manual medicine, trigger point injections
– Ultrasound, laser therapy, dry needling, and/or acupuncture
Adapted from Physiopedia contributors. “Lower Crossed Syndrome.” Physiopedia, Physiopedia, 9. 2019, www.physiopedia.com/index

Fig. 8.1 Muscle
imbalance found in
lower crossed syndrome.
(Used with permission
from Kuchera,
M. Postural
Considerations in
Osteopathic Diagnosis
and Treatment. In: Chila,
AG, Foundations of
Osteopathic Medicine,
3rd Ed. Philadelphia.
Lippincott, Williams &
Wilkins, 2011) [46]
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legitimacy in predicting ACL tears by demonstrating weakness in a valgus stance, but mixed
opinions commonly leave them out of the routine
PPE [27]. These combinations of muscle testing
for neuromuscular deficiencies in basketball players may not be deemed part of the PPE but could
be used by strength and conditioning coaches during preseason to assess sport-specific activities
and opportunities for improvement [28].

Musculoskeletal screening with single leg squat and gluteus muscle firing pattern testing. Pictures courtesy of
Connor Rogers

8.3.8

Common Injuries
in Basketball

Injuries like sprains, strains, fractures, and dislocations have become part of almost every sport.
Basketball is no different. What started as a noncontact sport created by James Naismith in the
late 1800s has now become an everyday physical
contact sport [9]. Contact injuries have become
more common than noncontact injuries during
basketball activity and are more likely to occur
during practice [23–29].
Lateral, inversion ankle sprains are the most
prevalent injury in basketball players. Treatment
is usually conservative and athletes recover
quickly within 7–10 days [29]. Other common
lower extremity injuries seen in younger basketball players may include jumper’s knee or
Osgood–Schlatter disease, both of which are
overuse injuries to the patella tendon [9, 30]. The
developing basketball player who is required to
jump upwards of 50 times a game and shuffle
from side to side may get irritation along the borders of the anterior knee.
Men and women basketball players get similar
injuries as they grow into mature athletes. Adult
athletes continue to get bigger, faster, and stronger placing more pressure on the joints and supporting structures. Two-thirds of all injuries to
men and women basketball players occur in the
lower extremity [31]. Differences in the male to
female kinetic chain and wider set hips provoke a
larger Q angle to the knee. The anterior cruciate
ligament is a commonly injured ligament injured
in a noncontact fashion while squatting, jumping,
or shuffling [32]. Instability of the ankle due to
rapid growth allows higher frequencies of ankle
sprains [29, 30].
Traumatic fractures to the lower extremities
are common for basketball players due to size,
weight, and the forces that have occurred while
jumping [9]. Stress fractures of the tibia, tarsal,
and navicular bones are the most common type of
fracture in basketball players. These stress reactions to the bone are caused by continuous running and launching off the ground and repeatedly
landing on the hardwood. Stress fractures are not
due to cortical bones fracturing from repeated
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use but rather when healthy bone is subject to a
level of activity far more intense than what would
normally be feasible [33].

8.3.9

Neurological History

The neurological history focuses on detection
of previous head or neck injury, sports-related
concussions, headaches, radicular symptoms,
neuropraxia, previous seizures, or any advanced
head imaging. The goal of this portion of the
exam is to elicit any neurological conditions that
may hinder sports participation, performance, or
exclude medical eligibility [9, 34].
Sports-related concussion has been controversial in the sports medicine world. Concussions
are a form of traumatic brain injury caused by
mechanical forces directed at the brain. This
energy may be focused at the head, face, or elsewhere on the body which in turn precipitate neurological dysfunction that will eventually resolve
over time. Usually these symptoms are functionally based, and no large structural damage can
be visualized [35]. Neurological imaging commonly would be negative although imaging is not
recommended with concussions. This mild traumatic injury to the brain is a metabolic process
secondary to oxidative stress [36]. When taking
a history of a patient with previous concussions,
concentration of the total number of concussions,
frequency, severity, previous treatments, length of
recovery, and most recent concussion should be
reviewed. Eligibility due to concussions should
not be determined on total number but rather
based on symptoms. With each new concussion,
symptoms may be prolonged and risk for future
concussions rises [37].

8.3.10 Neurological Exam
and Baseline Concussion
Testing
Conventional neurological exams should include
cranial nerve testing, sensation to the upper and
lower extremity dermatomes, gross motor exam,
and deep tendon reflexes. Concussion baseline
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testing may be performed as part of preseason
testing or as an adjunct to the PPE. The NCAA
does recommend a onetime pre-participation
assessment to include cognitive assessment, balance evaluation, symptom score, and concussion
history. Most universities have the resources to
maintain a database for all athletes specifically
for concussion evaluation and management
[38]. Baseline vestibular ocular motor screening
(VOMS) in contact sport athletes (i.e., football,
basketball, wrestling) is not a requirement during
PPEs but could assist in return to play activities
for athletes.

8.4

Screening Tests

Screening tests are proactive tests used in prevention to detect disease that may be present
without symptoms. These further studies should
be used as an extension to the regular exam [2,
39]. Although, the AAP and AAFP recommend
against routine screening labs during the PPE in
asymptomatic athletes because there has been
no improvement in outcome. Some athletes
who have chronic illnesses require their regular
screening labs based on their pathology [9].
The NCAA mandates that all incoming athletes provide blood for a onetime sickle cell
screen. Since implementing this testing in mid
2010s exercise induced death due to sickle trait
has decreased. Further investigation will need to
be completed to determine if this reduction is due
to screening for sickle cell or due to education
on the topic [2, 9, 40]. Other screening labs such
as complete blood count, metabolic profiles, vitamin D, and ferritin may be of benefit in basketball players. Despite positive feedback with early
asymptomatic screening by the NCAA, regular
use of screening labs is not supported (Fig. 8.2).

8.5

Athletes with Intellectual
and Physical Disabilities

A growing community of sports participants
that require specialty accommodations are athletes with disabilities. Equal opportunity to
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Iron Screen

Renal Screen
Football
M/W Basketball

Fatigued
Athlete

CBC, Cr
*U/A if elevated
Cr

CBC, iron panel,
ferritin, CMP,
TSH, Vit. D,
B12 & Folate

ADD/ADHD
EKG – prior to visit

Amenorrhea

EKG – prior to visit

UCG, Prolactin,
FSH, LH, TSH,
Vit. D

CBC, CMP, TSH

Womens’ Sports: Basketball,
LAX, Swim/Dive, SOC, SB,
TK, TN, VB, XC
Mens’ Sports: Basketball,
SOC, TN, WR, XC

CBC, ferritin

** All NCAA student-athletes must have a sickle screen PRIOR to any participation
Cheerleading and High Techs are exempt, but may have screen if desired/indicated
LAX-Lacrosse; SOC-Soccer; SB-Softball; TK-Track; TN-Tennis; VB-Volleyball; XC-Cross Country, WR-Wrestling

Fig. 8.2 VIRGINIA TECH screening lab protocol during PPE

sports for those with physical or cognitive disabilities has increased interest from legislators.
Disabilities include those who are blind, deaf,
or amputees. Genetic disorders include Down
syndrome, Prader–Willi syndrome, fragile X
syndrome, and cerebral palsy, among others.
Physical and mental benefits are abound for
disabled athletes [41]. Physically, there is an
improvement in cardiovascular function, musculoskeletal strength, increased exercise tolerance, balance, gross, and fine motor skills.
Mentally, an athlete will benefit from reduced
anxiety, improved self-esteem, encouragement,
integration, and support from the community
similar to themselves [41, 42].
A PPE for someone with underlying physical
or intellectual disability should not deviate much
from the current PPE format, except addressing
unique features of the specific disability. PPE
goals for those with disabilities should be to
encourage safe and effective athletic participation with intent on prevention of further disability or death [43]. Specific physical and mental
limitations should be documented. All positive

screening questions should be followed with secondary inquiry with greatest concern for sports
participation [42, 43].
Examination should also focus on ocular,
cardiovascular, neurologic, musculoskeletal,
and dermatologic systems. If a prosthetic is
present, a prosthetist may augment the evaluation to inspect the limb for proper alignment.
Functional exam is more prevalent in this population and individualized for each athlete based
on pathology. Diagnostic studies such as cervical spine radiographs of the atlanto-axial joint
in athletes with Down syndrome may be considered prior to participation to demonstrate stability [43–45].
Medical eligibility should follow regular pre-
participation guidelines. Emphasis should be
placed on safe participation of sport and inclusion. Like routine PPEs, the disabled athletes
exam has not been standardized, and each athlete’s medical, physical, and mental health should
be taken into consideration [42]. More
subspecialty care may be needed to assist medical providers to allow for competition.
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Summary Take Home Points

–– Pre-participation evaluations are not
evidence-based although PPEs are the
gold standard for evaluating an athlete.
–– Primary objectives include detection of
conditions that may predispose an athlete to injury, detection of life threatening or disabling conditions, and to meet
insurance or legal requirements.
–– Screening should focus on the cardiovascular, musculoskeletal, and neurological systems.
–– History alone using AHA guidelines
may not be enough to prevent SCD;
EKGs although not routine may benefit
basketball players during their PPE.
–– Sport-specific screenings may have
validity in PPE musculoskeletal screens
in prediction of injury as basketball
players use tremendous forces through
their lower extremities leaving them at
high risk for injury.
–– Sports-related concussion testing is
required by most sport entities although
not usual to the PPE.
–– Athletes with disabilities require pathology-specific screening for eligibility.

Acknowledgements Special thanks to Dave Jackson,
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Medical Coverage of Basketball
Events: From Local Competitions
to European, World
Championships and Olympic
Games
Ignacio Muro, Ugur Dilicikik, and Baris Kocaoglu

9.1

Introduction

It is really important to know the space where the
event will take place to detail, the court or interior
space as well as the exterior spaces of the arena.
At a local competition we can work in facilities
where there has not been any modified spaces
and a protocol of established functioning has not
changed for a long time.
Nevertheless, at bigger competition we can
encounter brand new facilities or newly modified
facilities for the event (Table 9.1). It is important
to study the blueprints of all levels at the facility.
At big competitions, meetings with equipment
and services departments have to inform us with
details of the infrastructure and distribution of the
arena. This is usually complemented with a
guided visit throughout all the facility along the
entire staff team of the organization [1].
We need to know where the spaces destined to
medical assisted are located. Some arenas have a
big and equipped medical room; others have a
nearly empty small space destined to medical
assistance (Fig. 9.1). We have to prepare a room
I. Muro
Euroleague Basketball Organization,
Barcelona, Spain
e-mail: imuro@tmeh.es
U. Dilicikik
Anadolu Efes Basketball Team, Istanbul, Turkey
B. Kocaoglu (*)
Turkish National Basketball Team, Istanbul, Turkey

Table 9.1 Characteristics of compitition location
Competition location
• Arena
 – Characteristics of infrastructure
 – Resources—medical space and material
 
– Physiotherapy
 – Circulation through arena
 – Different arena areas
 
– Press room
 
– Locker rooms
 – VIP-reserved areas

for medical assistance with the necessary materials (Table 9.2).
All types of medical material and commonly
used drugs must be available for noncritical care
emergency situations (nasal hemorrhages, ocular
traumas, and all types of pain). The medical room
must be in a perfect state of hygiene, well lit, and
ventilated. It hast to be situated so as to be directly
and rapidly reached by the emergency services
outside the arena (ambulances) as well as from
the playing court area itself.
The arena also has at least one medical room
for the spectators which meets the same requirements as that established for the participants
(teams and officials) and has to be located in a
different area of the arena. These rooms have to
be directly and rapidly accessible from the seating area and to the ambulances coming from outside the arena.
A space where the teams’ physiotherapists are
able to work will be reserved. If it is possible, this
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Fig. 9.1 Team medical
room after practice

Table 9.2 Mandatory equipment list at the arena
Equipment list
• Waiting room with seats
• One toilet with a washbasin and a WC
• Ice machine
• Examination couch 2.40 m long and at least 0.60 m
wide with an adjustable revolving stool and a lamp
with a mobile arm
• Chair
• Table
• Hangers
• Cabinet for storing medical material
• Sterilized surgery material essential for minor
wounds:
• Gauzes or other sterilized dressings
• Antiseptics
• Gauze roller bandages
• Sterilized cotton swabs
• Cellulose dressings
• Suture kit
• Sterilized incise drapes
• Suture thread
• Surgical gloves
• Immobilization splints for the upper and lower
extremities
• Compression splints for the upper and lower
extremities
• Plaster bandages
• Elastic support bandages
• Adhesive tape
• Band-aids (for minor wounds)
• Local anesthetics

Table 9.2 (continued)
Equipment list
• Treatments of burns (silver sulfadiazine creams)
• Stethoscope
• Sphygmomanometer
• Essentials for critical care:
• Endotracheal cannula
• Laryngoscope
• Mayo’s tube
• Manual bag-mask resuscitator
• Plasma expanders
• Intravenous infusion kit
• Anti-allergic medication: corticosteroids
• Cardiorespiratory arrest medication: adrenaline,
lidocaine 5%, and atropine, bicarbonate 1 Molar
• Anti-hypertensive medication: Adalat tablets
• Bronchodilator medication: bronchodilator sprays
(ventolin puff)
• Oxygen bottle with facemask
• Automated external defibrillator

space has to be located inside or next to the
team’s locker room. As a minimum, a stretcher
has to be installed there and towels and ice bags
have to be provided at the end of practices and
games (Fig. 9.2).
The best circulation way for the medical assistance within the facility has to be studied. At the
court level, the entrance and exit of medical
assistance have to be practiced with the medical
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assistance teams as well as the path to the medical room and to the ambulance. It has to be taken
into an account that in big events the court is a
practically closed space, there are led panels,
court seats, cameras and photographers, cables
and metallic structures for TV cameras. In some
occasions a brand-new court is attached onto the
older court in the arena, so there is a step that can
hinder the stretcher’s transportation. The court
exit avoiding cameras and TV should be as fast as

Fig. 9.2 Field medical setup and equipments
Fig. 9.3 Evaluation of
injured player at the
field by medical staff
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possible, and the stretcher presence in front of the
media or the audience should be avoided.
The team’s doctor can ask for the injured
player to go to the locker room in order to be
attended (Fig. 9.3). It was previously proved
what the best path to take toward the locker room
is, as well as from the locker room to the ambulance. The court level assistance toward court
seats’ audience, team’s staff, organization staff,
photographers, journalists, and entertainment
staff have to follow the same evacuation procedure as the players [2].
The space reserved for the media to be located
in while the competition takes place has a particular design, they are provided with desks where
they can install their computers, microphones,
and cameras. It is not a simple procedure to evacuate a person located there, and it is convenient to
plan various alternative plans with the emergency
team.
The medical room has to be provided closer to
their seating zone, the access from every single
public seating area should be proved, the elevators could be used if provided by the facility.
The authorities’ zone and spaces reserved for
VIPs also need a special plan for evacuation; they
tend to be closed areas with a single access and
lots of security, which does not facilitate the
emergency services’ quick entrance and quick
exit. In this case it will also be needed to plan
various alternative evacuation plans.
At big events the arena’s exterior spaces are
also used, not only the different security stations
with the assigned staff who regulates the tickets,
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we have to encounter working areas: ticketing,
accreditations, protocol, parking, VIP parking.
We can encounter sponsors’ stands and marketing organized training actions. Without forgetting
that since they cross the first security access with
their ticket, the audience who suffers from a medical incidence will be attended by our medical
team. We have to establish an assistance protocol
at the exterior spaces, the evacuation path toward
a medical room or straight to the ambulance.
The event security team should know and follow the norm, which limits the alcohol consumption and tobacco use at sports’ events; alcohol
consumption is one of the most frequent causes
for medical assistance.

9.2

Ambulance System

The number of necessary ambulances may vary
depending on the event activity. When hiring the
ambulances, a contract has to establish a calendar
and a schedule with the number and location of
every unit. At big events, it has to be taken into
account the process of putting everything together
and the process of taking it apart when it is over.
All the different labors that take place in and out
the arena will need the presence of a medical
ambulance ALS (Advanced Life Support), which
includes a doctor and its nurse presence.
For practice sessions, there would be an ambulance available as well as the court assistance
team. If the audience assistance is allowed, it will
be necessary to activate the public seating area
assistance service.
During games, a medical ambulance have to
be available for exclusive players’ assistance as
well as a certain number of ambulances proportional to the number of spectators expected to
attend and the risk level (Fig. 9.4). The previous
meetings with security, police, and ambulance
service departments will allow estimating the
number of audience expected for the game and
the fans’ type of behavior.
At any time that one vehicle must leave to
transport somebody; another replacement vehicle
must be on stand-by to arrive immediately. The
absence of the emergency ambulance service

Fig. 9.4 Ambulance team at field near the spectators

with intensive care unit in the arena may be a reason for the suspension of the game.
In every single practice session or game, the
ambulances’ arrival and departure time have to
be controlled as well as the medical assistance
team’s presence at the facility. It should be verified that they parked at the previously reserved
and established parking spots and that the ambulances’ emergency exit pathways are clear.

9.3

Designated Hospitals

• Local medical resources—country’s sanitary
level
–– Climate/season
–– Reference center
The hospital network dedicated to incidents
during the event will be defined based on the
available health resources at the assigned l ocation.
Different countries, big and small cities, rural
areas, depending on the location where the sporting event takes place; the health or medical assis-
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tance resources may vary on quantity as well as
on the assistance level. We have to analyze the different hospital centers and their assistance capacities. If they have a 24-h emergency service, if they
can attend serious TBI (traumatic brain injuries)
cases—poly-trauma—CVD (cardiovascular diseases), if they have an intense care unit and its
capacity [3]. We have to mark the distance toward
the arena and the travel time by ambulance.
We have to establish contact with every hospital; inform of the event existence and duration,
request a contact person in order to check on
patients who are moved to that hospital. If the
hospital that meets the best characteristics to treat
serious cases is located at a far distance, it may be
possible that the need to initiate a helicopter
transportation, and we have to reserve an assigned
space for the heliport along with establishing a
transportation protocol to this point.
In case this happens, at a big city with various
hospitals with a great assistance level, ambulance
have to be responsible to contact with an operations center, which controls the emergencies and
indicate what center is best suited and available
for that moment.
The emergency assistance at hospitals could
be more or less quick and efficient depending on
many aspects [2]:
• The overall country’s health status, hospitals
more or less modifies, with longer or shorter
waiting time, and resources for quick diagnosis.
• Climate and season, emergency services can
collapse sometimes for seasonal illnesses or
population growth at that zone and time due to
holidays, even as a consequence of a big audience attending the sporting event.
• Due to endemic illnesses or public health
issues (drinkable water, insects, food hygiene,
etc.), the event attending public can become ill
and will need medical assistance. The teams,
media, organization, and public attending the
sporting event should be minimally advised
about the particular location’s conditions and
preventive methods to avoid possible illnesses
or health issues. These methods include the
vaccines’ recommendations by the WHO’s
(World Health Organisation) information.
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For teams, organization’s staff, and VIPs, a
reference hospital is selected. This hospital can
be private or public, and its assistance level will
be checked as minimum requirements are
needed: a 24-h emergency service, a radiology
service with XR (X-ray)–MRI (Magnetic
Resonance
Imaging)–CT
(Computerised
Tomography) scan–Ultrasound, a well-
equipped lab, and available teams for minor
surgeries. If a severe case emergency service or
an intensive care unit is not available, patients
suffering from these cases will follow the derivation norm established with other hospitals.
In this reference hospital, a priority assistance
agreement should be established, reducing the
waiting time, diagnosis time, and immediate
treatment toward necessary medical tests as well
as a very private and confidential assistance, protecting patients from the media.
We should have direct contact with key personal at the hospital, whom will be given a heads
up before moving patients and whom we have to
follow the complete patient’s situation status at
all times. They have to be informed that in case of
a player, the player will be moved with its own
team’s doctor, who will have to be consulted and
will have to participate on the decision-making
process. It will be agreed with the hospital that if
a player is moved without its passport or ID, it
will be allowed to use its competition accreditation instead as an identification document for the
hospital entry and afterwards all details will provide to the medical center.
As an exceptional case, big competitions as
the Olympic games with a larger budget can
cover all medical assistance expenses. At the
majority of sporting events the teams are responsible of their own medical expenses, it is then
highly recommended to have a medical insurance
that is able to cover the medical assistance
expenses at the country where the event is taking
place and will allow splitting up costs when a
severe accident occurs. It has to be taken into an
account that the health-care costs are not the
same in all countries, and to make sure insurance
can cover a hospital entry. The most common
thing to do is to pay all the expenses either with
cash or credit card and then send the invoice to
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the medical insurance to take care of it. In case of
entering at a hospital, it is possible that the medical insurance contacts the hospital and takes care
of all expenses immediately.
The organization should state clearly its medical
assistance reach; the teams should know that these
services come with an economic cost. A nonpayment from the event’s invoice can become an issue
on the organization and with a difficult solution.

9.4

Volunteers

The big sporting events count on volunteers’ participation, which is often an altruistic work. They
are distributed throughout the different organization’s departments based on their preferences and
experience. In the medical area, volunteers are
needed for drug tests as player’s escorts, the
chaperons. In case of doctors or physiotherapeutic professionals, they can complement the medical assistance services at the arena for a better
control of possible severe incidents at the seating
areas, corridors, exterior zones, and VIP rooms.
Their duties are fundamentally of control and
warning giving, letting the assigned professionals
to act on medical emergencies. Volunteers normally get a working uniform for sporting events
as well as drinks and food, and an insurance that
covers their expenses in case of an accident.

9.5

Accreditations

At sporting events, accreditations are used to
identify all the participants and workers. The bigger the event, the greater is the security level, and
importance of adequate accreditation use. At
local competitions, we can simplify the circulation between the court/locker rooms zone, and
the audience zone, an accreditation will allow the
entrance to the court and will not discriminate
based on any person’s function.
On a big event, we have seen before how the
arena is divided by multiple zones: the court,
press, seating area, VIP room, etc. Every person
gets an accreditation with specific zone access

based on where that person is assigned to work.
Medical services need to freely move throughout
different areas, which require a specific accreditation that allows medical service’s staff to do so.
We will need a big number of people working at
every competition’s area and at all working shifts
and an ambulance service that can vary when circulating a vehicle with a medical incidence and
be substituted for another, with different staff.
As a conclusion, we will need accreditations
with a high security level, but it is difficult to personally give an accreditation to every single
worker. For that reason, similarly to what happens with security and police, we use a corporative accreditation where all the medical service
staff that has not gotten an accreditation.
Depending on the working area you have been
assigned to work in at every shift, you could
receive an upgrade as a bracelet or sticker added
to your current accreditation, which will allow
you to enter reserved areas. The same process is
applied to medical service volunteers; they usually get a standard accreditation and get an
upgrade in order to move around different areas.
Volunteers who are assigned to work at the
drug testing process will need access at the drug
testing area, court, locker rooms, and pressroom
escorting the assigned player all the time. We
have to provide accreditations for drug testing
assigned agents and their access at the necessary
areas in order to accomplish their functions.

9.6

Referees/Entertainment

Sometimes we tend to forget about the importance of the referees and the fact that they can
also get injured. We have to make sure referees
are able to get medical assistance as quick as
possible during games and that they can be
assisted at their locker room when they need to.
The entertainment has significantly changed
over the last years, cheerleading groups have
grown with the male presence and choreographies include more jumps and acrobatics; shows
that combine ball games and bouncy trampolines are frequent as well as slam dunks’ con-

9

Medical Coverage of Basketball Events: From Local Competitions to European, World Championships…

tests using different materials (chairs, tables,
people). Court medical service assistance has to
be careful and watch out during game breaks
since at any moment an accident on court can
take place. It is very important that after entertainment events the court is cleaned and cleared
in order to prevent and avoid slippery elements
or other injury-provoking objects that could
cause players to get hurt. Entertainment’s timing has to be calculated in order to allow a
period of time for clean-up.

9.7

Doping Control Room

The arena should have a doping control room, in
a perfect state of hygiene, well-lit and ventilated,
and with a waiting area [1, 3]. The doping control
room and the material provided therein will be in
accordance with the Internal Regulations governing Anti-Doping in the basketball competitions
(Fig. 9.5). It is recommended that the game clock
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be displayed inside the doping control room. The
doping control room may not be the same room
as the medical room. The access door to the room
will lock and the key will be under doping agents’
possession. Anyone who is missing an accreditation for the doping control room or authorized by
the doping agents to access the room will not be
allowed in it. We have to make sure there is an
adequate availability of drinks at the doping control room.

9.8

Crisis Protocol

9.8.1

Security and Emergency
Services Coordination

A crisis protocol has to be established; this plan
should be designed to give structure to our communications in the aftermath of a serious incident
involving our event. For the purposes of this plan,
a serious incident is defined as one in which
external emergency services are required, e.g.,
medical, fire crews, and police.
Examples of potential crises include the
following:
• Team member seriously injured or killed
• Spectator(s) injured or killed
• Fights between team supporters resulting with
multiple injured
The crisis management team needs the
following:
•
•
•
•
•

Fig. 9.5 Regular doping room and doping control after a
Euroleague game

Crisis team director and spokesperson
Crisis coordinator—Security coordinator
Press officer
Services coordinator
Medical officer

Our role will be to supervise the response of
the medical services, get an extended ambulance
support if needed, establish all medical facts surrounding the incident. Travel to the hospital to
feedback information on the condition of the
injured person(s) to the crisis management team.
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9.9

Out-of-Competition
Assistance

At sporting events that last multiple days, it could
be necessary to organize a medical assistance
system out of the competition schedule. The
reference hospital information will be provided
to all the teams participating in the competition
along the medical assigned coordinator’s phone
number or any organization’s member who is
available 24 hour in case of help seeking. This
information could also be provided within the
volunteers who act as team assistants, volunteers
who work with the VIP’s at protocol, and organization members.
At the Olympic games where all athletes are
hosted at the Olympic village, a medical center is
available there as well; ready to attend any basic

emergency. When all competition’s participant
teams share a hotel, a nursing station can be
established for emergencies and a physiotherapeutic room for treatments. However, high-
standing teams already own those resources for
their private use.
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10.1

Introduction

Basketball is a dynamic contact sport with relatively high rates of injuries. It is indeed the role of
the medical team to manage these injuries; however, this is only one layer consisting the medical
team’s purpose. A simplistic approach would
focus on the treatment and management of an
injured player until return to health and return to
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play (RTP); however, the reality is far more complex—with many players often training and competing with injuries of various degrees, due to the
demands of their playing calendar, time within the
season and even contract-related constraints. In
cases where players are unable to continue training or playing, the RTP decision-making process
could be quite challenging—with many factors
requiring consideration, of which the future health
of the player is only one aspect [1]. It is therefore
one of the biggest challenges for the medical team
of a professional basketball team, to find the balance between managing the health of the players
and optimizing individual and team performance.
One of the key elements in optimal management
of the professional basketball player’s health is
communication in a shared decision-
making
model. This should be supported by an appropriate organizational structure of the medical team in
the basketball club or organization.
The sport of basketball has become increasingly popular in recent years, with an ever-growing
interest and exposure due to the introduction of
social media, fan engagement platforms, and even
e-sports. This growing popularity has driven
towards a significant increase in professionalism
in basketball worldwide, not only from the players’ perspective but also in terms of coaching and
medical staff. Increased professionalism has raised
the standards in every aspect of the sport, and has
driven towards better organization of medical services and an expectation for increased specializa-
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tion of basketball medical staff and structure. In
the professional setup, the medical staff often
consists of experts from multiple health disciplines (i.e. primary care physicians, orthopaedic
surgeons, sports and exercise medicine specialists, physiotherapists, athletic trainers, sport therapists, psychologists, nutritionists, strength and
conditioning coaches, physiologists and sports
scientists) working alongside to provide optimal
healthcare for the players as well as assist in
optimizing performance. This multitude of clinicians and professionals allows for holistic
player care but necessitates a strong organizational approach to avoid speaking in multiple
voices. Communication is a key factor to consistently create and maintain a positive environment for the players’ benefit.
Good communication is not only about the
message transmitted, but more importantly, the
message received, and making sure that the gap
between the two is as minimal as possible.
There are various categories and forms of
communication and more than one may take
place at any time, such as verbal communication
(face-to-face, telephone), non-verbal communication (body language, gestures, how we dress or
act), written communication (e-mails, reports and
medical notes) and illustrations (graphs, charts,
photos, etc.).
Mehrabian [2] has highlighted the relative
importance of verbal and nonverbal messages,
reporting that 7% of the understanding of a message arise from feelings and attitudes transferred
in the spoken word (verbal communication); 38%
of the understanding of a message arise from
feelings and attitudes transferred in the way that
the words are spoken (paraverbal communication); and 55% of the understanding of a message
arise from feelings and attitudes transferred in
facial expression (nonverbal communication).
The team physician and medical staff members
use these skills on a daily basis to communicate,
and it is important to create communication
opportunities in a team setup, to audit the communication process and to ensure the messages
received are indeed the ones transmitted.
Communication could therefore be challenging for the medical team in a competitive sport
environment, such as in a professional basketball

team. There is a continuous interaction with the
different stakeholders in and around the team
(players, coaching staff, strength and conditioning coaches, team physician/s, physioptherapist/s,
athletic trainer/s, management, agents, family
members) over a competitive period filled with
unexpected and often stressful events. The purpose of this chapter is to highlight and describe
the communicative challenges the medical team
may face with potential solution to optimize
communication in a team setting. Successful
communication is therefore a combination of
several important factors. It is important for the
sports clinician to be familiar with the different
roles and personnel in the team, their background
and experience and their cultural context.

10.2

Communication Within
the Medical Team
in the Multidisciplinary
Setting

The head team physician/clinician or ‘head of
medical’ are usually positioned at the top of the
medical organizational pyramid. These professionals are well positioned to take a leadership
role in multidisciplinary medical teams providing
comprehensive health management of the elite
athlete [3]. Their training, background and experience allow them to not only understand the medical needs of the players but also the complexity of
their professional environment and the demands
of their sport. It is therefore one of the key characteristics of a ‘head of medical’ to possess the ability to communicate with all stakeholders in and
around the team and ‘navigate’ the team environment in such a way that players, medical professionals and coaching staff all trust and value their
opinion and recommendations. Without this ability, it would be very difficult and often impossible
for the ‘head of medical’ to fulfil the role of case
manager with success, regardless of his/her medical knowledge and level of judgement. The ‘head
of medical’ is a unique position in the team that
translates into a responsibility towards not only
the players but also towards the management and
coaching staff—often with different interests. The
‘head of medical’ role is therefore often to find the
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balance between the stakeholders’ needs and
expectations, propose a plan of action which
would optimally address the concerns of the different parties, as well as remain medicolegally
and morally defensible.
While in the traditional sports medicine
model, the team physician/‘head of medical’ is
the primary point of contact for the athlete [4],
a more current and improved multidisciplinary
model recognizes that the athlete has a variety
of ‘non-physician’ sports medicine practitioners who can provide a primary medical point
of contact (i.e. physiotherapists, nutritionists,
podiatrists and chiropractors). Whilst this multidisciplinary approach can improve and optimize players’ healthcare, it can also create
scenarios where players find themselves trying
to understand and integrate advice from several
different and unsynchronized sources. Different
information from multiple sources could lead
the athlete to try and find a solution on their own,
turn to coaching staff (who are not equipped to
make medical decisions), or outside the club
entirely. Therefore, a potentially better model is
one where the head team physician/clinician acts
as a ‘case manager’. In this model, the head team
physician/clinician is responsible for integrating
all the available information and in collaboration
with the multidisciplinary team formulating the
advice into a recommendation, considering the
players’ health and performance. While this physician/clinician may not always be the first point
of contact for a player, they are responsible for
making sure all medical/performance team members are on the same page and passing on the
same message to the athlete. This approach aims
to put the player in a position to make an informed
decision, in discussion with all relevant stakeholders, including the coaching staff [3].
The ability to work together as a team is as
important as the qualifications and experience of
the medical/performance team. In certain situations, it may be necessary to clearly define roles
and responsibilities for each team member. It is
not uncommon to have more than one individual
in the medical team with similar or overlapping
skill sets. Therefore, clearly defined roles can
help facilitate communication and eliminate
redundancy in work as well as miscommunica-
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tions or misunderstanding about a player’s plan
or treatment. Further, as medical/performance
teams interact with players closely, it is essential
that they act with the utmost professionalism,
thus developing a code of conduct, endorsed by
all team members, may be beneficial.

10.3

Communication
with the Coaching Staff

In large basketball organizations, with multiple
disciplines involved in both medical care, performance and coaching, an integrated performance
health management and coaching model [5] is
one approach which could be applied to optimize
performance in a safe manner. An integrated performance health management and coaching
model focuses on how two key departments
(Medical/Health and Coaching) can work
together to improve performance (Fig. 10.1)—
such a model can also be applied in elite basketball [5]. In this model, the two departments
ideally function as two independent departments,
while working towards one common goal under a
single management umbrella: the success and
optimal performance of the team. For this to be
achieved, the roles and responsibilities of the
staff in each department need to be clearly
clarified.
The head team physician/‘head of medical’/
chief medical officer or medical director in the
case of larger organizations (or national federations) leads the health department. Their primary
responsibility is to oversee the players’ health
and to work with the coaching department to
ensure any health-related decisions are based on
the principles of shared decision-making, including informed consent when appropriate. For this
to occur, good and continuous communication is
necessary in order to achieve a balance between
the players’ and team’s health and performance.
The head coach, who has overall responsibility for all other coaching staff, including the
strength and conditioning or fitness coaches,
leads the coaching department. In the integrated
performance health management and coaching
model applied to basketball, communication and
organized education should be provided by the
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Integrated Performance Health Management and Coaching
Health and coaching team line managed by performance Director or CEO

Performance Coaching

Performance Health Management
Department Head: Medical Director/Chief Medical Officer
Appropriately qualified, registered and experienced clinician

Department Head:
Head Coach I Performance
Director
Appropriately qualified,
registered and experienced
coach I member of
multidisciplinary team

Medicine & Therapy
Personal
Sports
Physician or
CMO case
managing
when athlete
ill or injured

Personal Sports
Physician, GP,
Other Medical
Consultants

Physical Therapy
(Physiotherapist,
Osteopath,
Chiropractor, soft
Tissue Therapist)
Head coach and
personal coach case
managing when
athlete not ill or
injured

Sciences
Nutrition, Physiology
Psychology, Biomechanics,
Podiatry

Fig. 10.1 Reproduced with permission [6]. The integrated performance health management and coaching
model. All the specialties operate in the performance
health and coaching ‘box’. Specialist sports medicine
physicians (led by the chief medical officer (CMO) or
medical director (MD)) manage health (injury, illness and

prevention); the head coach manages coaching. Both
departments are managed by the performance or technical
director or chief executive officer (CEO) depending on the
structure and size/culture of the organization/club. The
health and coaching departments operate in synergy and
‘independently’ with appropriate autonomy at times

coaching staff regarding training principles to
achieve particular performance goals, as well as
players’ values and preferences. This could be
delivered through periodic meetings between the
heads of each department, who can then communicate the message to their respective staff, or
through joint meetings which include the entire
staff from each department. It is important to
conduct such inter-departmental meetings prior
to the start of the pre-season period in order to
best communicate and adjust expectations,
strengthen existing inter-departmental working
protocols or establish new ones, and present new
strategies for each department. Coaches should
have a working knowledge of important injuries
and illnesses in basketball and an open-minded
attitude to receiving information from medical
staff about treatment and prevention of injuries
and illnesses in basketball. For example, such

inter-departmental communication and collaboration is imperative to strategize and implement
injury prevention protocols, from players’ baseline data collection and testing and through
implementation into the busy training and playing schedule. In large organizations, the head of
performance or performance director has overall
responsibility for managing the two departments
and ensuring they communicate and work in collaboration to implement the performance strategy
of the organization/club.
Confidentiality and adhering to data protection regulations is important when communicating with staff in or outside the medical team. In
cases where there is doubt regarding the information about to be shared or requested, it is best to
take precaution and adhere to the confidentiality
and data protection processes devised in the organization and consult with the relevant person
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when necessary. Informed consent may be 10.4 Communication
required from players in certain situations.
with Administrative/
Establishing a good and ongoing communicaManagement Staff
tion between the medical team and the coaching
staff as well as the players is important and essen- Lack of communication can lead to uncertainty
tial not only for a positive work environment but and conflicting interpretations at all the organialso to implement new ideas and concepts more zational levels within a team. Physicians/cliniefficiently (i.e. injury prevention concepts and cians are employed by clubs/organizations and
nutrition). A recent study focusing on injury pre- are often hired by administrative/management
vention education for rugby coaches has shown a staff—a fact which might influence clinical
substantial influence on players’ training approach decision-
making, for example in situations
and behaviour, favouring injury prevention- where the club and player have conflicting
related activities/behaviours [7].
opinions with regard to a specific injury manAs the workload on players continues to agement or where a clinical decision could
increase (e.g. European players, Players in impact an athlete’s contract. As a general rule,
Europe, along with European competitions and it is advised to establish clear role definitions
international matches, sometimes have to com- with internal and external clinical governance
pete in up to 80 games per season, and in the (e.g. appraisal and revalidation process by the
NBA, up to 100 games per season, with play- appropriate external bodies such as the medical
offs), the topics of nutrition, recovery, load man- council in the countries in which they are pracagement and injury prevention are increasingly ticing, medical associations and league governcoming into focus.
ing bodies) [6].
Therefore, it is extremely important to provide
Physicians/clinicians are often clinically line
players with information on doping, nutrition and managed by non-medical team members or non-
injury prevention as soon as possible at the begin- clinicians. This could pose potential challenges
ning of each season. Equally important, however, in players’ medical confidentiality, ultimate cliniis that these issues are also known by their impor- cal responsibility and access to medical records.
tance by the coaching staff and that they lead by It is therefore advised that contractual arrangeexample.
ments detailing their ultimate clinical responsiIn a recent study in football, Ekstrand et al. bility are communicated and formally established.
showed that the quality of communication can even Current culture and contracts within sport clubs/
positively influence the frequency of injuries [8].
organizations should consider and relate to the
If a severe injury occurs, the team physician issue of medical confidentiality.
has to fulfil the role of a case manager. When the
Further, as most administrative/management
diagnosis is clear, it is a good thing to have a team staffs do not have a medical background, ensurmeeting about the injured player. With the team ing that medical-related terms, injuries and
physician, physiotherapist, athletic trainer, coach treatments are clearly communicated and
and maybe even the nutrition expert or the psy- understood by all parties. Avoiding the use of
chologist coming together, everybody has the medical jargon, and instead using accurate tersame knowledge base afterwards. In this meet- minology, helps in these discussions. Medical
ing, the diagnosis and its treatment should be teams may find that education regarding anatexplained, the different steps of rehabilitation omy, injuries, surgeries, treatments, risks and
and the milestones that have to be reached to long-term implications are beneficial. Education
enter the next step have to be defined and fixed. It may be provided as information provided on a
is also useful to reflect why the injury occurred, regular basis for administrative/management
and what kind of preventive activities can prevent staff’s knowledge, or provided specific to a paranother similar case.
ticular injury/situation.
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10.5

Communication with Players

A basketball team typically consists of 10–15
players, with an often-dynamic roster involving
players from secondary or development teams.
The composition of a team roster can be very heterogeneous in terms of origin, age, background,
language, culture and experience in professional
basketball. There could often be variability in
regulations, playing rules (i.e. NCAA, FIBA
rules and NBA) and even cultural differences
which may influence the environment the medical staff and players are exposed to. Given this
dynamic environment as well as diversity within
teams, diversity awareness and awareness of the
variability in communication styles of different
athletes and stakeholders are important. Language
(verbal and non-verbal), approach to situations
and emotional responses may all vary and should
be respected by the medical/performance team.
The simplistic interpretation of the current
multidisciplinary sports medicine model is that
the role of the team physician is to protect the
health and welfare of the player [5]. In the reality
of elite sports, the player’s health is a spectrum
ranging from complete wellness to multiple
existing injuries and illnesses—especially in the
older/aging player. Players are accustomed tolerating this spectrum of health in order to perform
consistently. In a holistic approach to viewing
players, it is often evident that making the best
performance decisions may sometimes compromise a player’s ‘health and welfare’. Therefore,
in an improved model, the head physician’s primary role is not only the ‘health and welfare’ of
the player but rather to assimilate information
and provide a safe framework for players decisions that balance health and performance goals
and to optimize players’ careers, with considerations applying to their post-career period.
Communication skills and trust are imperative to
deliver such information in a consistent manner.
In smaller or non-professional organizations/
teams, the team physician/clinician may also find
their role expanding to that of nutritionist, parental support (in youth teams), psychologist, massage therapist, or ‘kit man’. It can be very
challenging to remain professional when players

expect friendship, but it is crucial that the
line between ‘friend’ and ‘physician/clinician’
remains well defined and transparent. It is important that this distinction is well transferred as part
of the communication between the physician/clinician and player.
If a player gets injured, communication is
essential for the recovery process and the outcome [9]. The recovery process begins from initial contact between a member of the medical
team and the injured player. An injury is a stressful event for players and every word, speaking
tone, gesture or facial expression may have a
huge effect on injury management, the player’s
perception, approach and engagement. Players as
well as other stakeholders in the team (i.e.
coaches, administration staff, club owners/presidents) like expedited information and dislike
uncertainty. Keys to a successful rehabilitation
include the following: (1) adhering to confidentiality regulations, (2) avoiding uncertainty wherever possible, (3) conveying clear and regular
messages so that players and relevant stakeholders are not ‘in the dark’. These key elements can
be challenging at times and require good continuous communication with all parties.
Predicting a return to play time frame can be
tricky and if approached poorly can lead to trust
and confidence issues. It is also important to
clearly communicate the plans and goals for each
phase of the rehabilitation process (which could
be dynamic) and continuously manage expectations from all parties through the rehabilitation
process to avoid frustration and uncertainty.
Many players have a close relationship with
their family members, friends, personal medical/
performance staff, or other hired employees.
Some players may even rely on their close circle
for communication with the team. Similar relationships to an extent may exist between some
players and their agents. Medical/performance
teams must balance maintaining the player’s best
interest and respecting these relationships. It is
therefore important to understand the context of
such relationships and put the player’s best interest in first place. Open communication with players’ family members, personal medical/
performance staff and agents is crucial to
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 aintain a trusting and ‘two-way relationship’.
m
Information sharing about the athlete therefore
must be reciprocal so that all parties are aware of
situations that might arise, no one is surprised,
and the athlete remains the focal point of care. An
organized, clearly defined process involving a
player’s close circle, respecting to all involved
parties and their roles while maintaining the
integrity of the process and shared data regulations, can be helpful achieving optimal communication. This is particularly important when an
athlete changes teams, establishing open communication from the outset is crucial for the athlete
to trust the new organization/team, but especially
the medical/performance team.
When it comes to injury prevention, compliance is a key element and can only be achieved
through collaborations across the medical staff,
trainers, coaches and, of course, the players.
Educating the coaches, strength and conditioning
coaches and players about the benefits of injury
prevention is an important factor in this process,
illustrating how such strategies were able to
reduce the frequency of injuries as well as injury
severity [10–14]. Without the engagement and
cooperation of the coaching department and staff,
only suboptimal prevention implementation will
be possible, if any. Ideally, an injury prevention
strategy and protocol should be developed and
agreed upon between medical/performance and
coaching staff, which will then be carried out
regularly. For example, the 11+ (formerly known
as the FIFA 11+) is a prevention programme
developed in football but has shown to have
injury-reducing effects in basketball [15].

10.6

Doping-Related Issues

Doping regulations in basketball are overseen by
the World Anti-Doping Agency (WADA) Code
[16] worldwide, and in-competition or training
controls will occur, depending on the playing
level. This may vary in frequency in different
countries.
As a part of the anti-doping control process
within a team, baseline information (history, regular medications, medical conditions requiring or
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which may require medication or supplement
use) should first be collected, which of course is
best done during the initial medical examination.
For the team physician, it is essential to communicate with each player regarding their medications or supplements. An educational form of
communication is recommended in order to raise
players’ awareness, establish ground rules, subject them to the control system and process within
the team and make the relevant procedures/content known to them, such as the following:
–– Which substances/methods are on the doping
list?
–– What should be done/observed in the case
treatment is prescribed?
–– What is the procedure of a doping control/test
and how is it managed?
It is particularly important to clarify and
emphasize to the players that they should not take
any medication, substance or dietary supplement
without notifying and receiving approval from
the team physician or the clinician in the team
who is designated to this role.
The medical team should be aware of potential cultural and background differences and be
prepared to avoid potential doping issues. For
example, in cases where players are recently out
of college or playing outside of their home country for the first time, they may be naive and ignorant to doping issues in their new country or
league. Another potential issue stems from the
fact that more and more states in the USA are
legalizing the use of cannabis. Therefore, it is
imperative to make the players aware that tetrahydrocannabinol (THC) is on the doping list, so
positive testing could lead to a ban. Further, as
cannabidiol (CBD) containing products are also
becoming more common, education related to
what CBD is, purity, possible effects and how it
could affect a drug test is necessary.
It is advised that the medical team would be
well-educated and remain updated on doping
issues as these changes constantly. It is also
advised to educate the coaching staff not to administer any substances or supplements, and educate
players not to independently use or share such sub-
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stances with their teammates without consulting
the medical team first. This is a crucial issue and
may result in substantial medicolegal and even
career ending consequences for medical team and
coaching staff members as well as players.

10.7

Second Opinions
and Consultant Specialists

Second opinion scenarios can be challenging for
both the medical staff and players. If managed
inappropriately, such scenarios may lead to conflicting, stressful and even awkward situations at
times. Seeking a second opinion can arise from a
number of reasons, and does not automatically
mean that there is mistrust between the player
and the medical team. Good communication
leading to an informed and transparent process
will help determine the impact of such scenarios
on player–medical team relationship. Second
opinions are not always initiated by players and
can also be initiated by the medical team, for
example, in complex or rare injuries or health
conditions where the opinion of a specific specialist or more than one specialist is sought after,
or in situations where a player has an old or ongoing injury which has been managed by another
specialist before joining their current team. It is
also important to acknowledge that sometimes
other forces around the player (family, agents,
friends) may drive for a second opinion as well.
In any scenario, players are entitled to choose
their physician/clinician. It is, however, important to be aware of and avoid scenarios that could
lead to an unwanted outcome, not only in the
medical/health aspect but also in terms of the
player–medical staff relationship and trust. It is
therefore important to avoid an atmosphere
which will make the player seek for a second
opinion without informing the medical team (i.e.
due to fear from the medical team’s reaction or
response). This could lead to gaps or even complete lack of information regarding the player’s
injury/medical condition, “where did he/she
go?”, “which tests were performed?”, “what
treatment or course of action was proposed?”,
“what was done?”, “was everything in line with
the doping or league regulations?”, and many

other questions or unwanted outcomes which
may result from a player’s unauthorized or uninformed second opinion.
Undesirable situations can be avoided by laying the ground rules for second opinion situations, discussing such scenarios at the start of the
season as a part of a ‘code of conduct’, and by
facilitating good communication to eliminate
concerns from any player regarding a second
opinion process. The process of seeking a second opinion should be managed and overseen by
the ‘head of medical’, as an extension of case
management, and it is preferable that the request
for a second opinion arrives as an official request
from the player’s team and medical team. In
such a process, transparency and communication
are key elements from all sides involved to
ensure all the relevant information is being transferred and the medical team can even assist the
player in finding the best second opinion (or
more, if necessary) for his/her condition. This
joint process also ensures that the specialist providing the second opinion is aware of the transparency of the process and that the case is still
managed by the ‘head of medical’, hopefully
eliminating situations where conflicting messages are presented to the player or messages
which could be destructive to the player’s relationship with his/her medical team.
There are certain situations in which consultation is required in a specific specialty which is
not covered within the fields of expertise of the
medical team (i.e. Dermatology, Cardiology,
Neurology, Hand surgery, Obstetrics and
Gynaecology). The availability of such specialists can depend on the setup the medical team and
medical services are provided for the team. For
example, in college basketball, often a university
hospital is involved in providing some, if not all,
of the medical support for the team (i.e. imaging
and blood tests) and the medical staff of the team
may be affiliated with the university hospital. In
this scenario there is usually easier access to specialists from various fields, if necessary. Similar
coverage is provided for professional teams as
well, with team physicians who are associated
with hospitals, and the hospital provides a variety
of services for the team, if and when necessary.
While setting up such consultations is usually
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done through the team physician, the same rules
and code of conduct as applied for second opinions should be applied. Good clear communication is required to avoid gaps in information and
recommendations delivery. A key element in the
communication between the ‘head of medical’/
team physician and specialist in such situations,
apart from stressing the importance of accurate
and documented information delivery, is to clarify that no treatment should be commenced
before informing the ‘head of medical’/team
physician as well as stressing the importance of
adhering to doping regulations.

10.8

Media

The involvement of the media, on all its aspects, is
ever-growing in current day professional sports.
There is a constant thirst for immediate information distribution, which can put tremendous pressure on the medical team, coaches, administrative
staff as well as players. Such pressure for information can influence decision-making if not handled appropriately. Establishing clear and strict
guidelines for conduct with the media beforehand
is important to avoid such scenarios. It is important that all team staff are aware, on-board and
adhere to these guidelines. Often statements in
injury-related scenarios are released by non-
medical personnel, and therefore communication
between the medical team and media team members is key in these situations, and it is important
that the team ‘speaks’ in one voice.
Social media has also become an omnipresent
factor in professional sports. Clear regulations on
staff social media use must be established and
agreed upon, but are important for player/team
confidentiality. Education for players on social
media use and its impacts may also be beneficial.

10.9

Educating the Medical Team,
Coaching Staff and Players

Maintaining a consistent high-performance level
by the medical team and adhering to the highest
standards of medical care require engaging all
members of the medical team in updated educa-
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tional activities—both within the team as well as
on a personal level. Such educational activities
may include periodic life support courses and
training, team physician courses, sports-specific
conferences and discipline-specific educational
activities (nutrition, rehabilitation, sports psychology, etc.). In football and Olympic sports for
example, specific programmes and diplomas
have been established for these purposes, such as
the ‘UEFA football doctor education programme’, the ‘FIFA diploma’ and the ‘IOC
Diplomas’ in Sports Medicine and in Nutrition. It
can also be useful to utilize the various medical
team members’ specialties to educate the other
members on issues within their scope and to
facilitate decision-making optimization as well
as treatment strategies and protocols within the
team. In German Basketball, a group of team
physicians from the professional leagues has
established a group called ‘Basketdocs’ (www.
basketdocs.de), who meet twice a year for scientific meetings and workshops and professional
exchange.

10.10 Summary
Communication is a key element in optimizing
care for athletes in sports. Facilitating good communication channels is essential for the function of
the medical team, and for the establishment of
trust and a productive working environment—both
within the medical team and with players, coaches
and other elements in and around the team/organization. Establishing such channels can help in
aspects such as injury management; the implementation of preventative and recovery strategies
and perhaps more importantly, the engagement
and ‘buy in’ of both players and coaches; adhering
to doping regulations; and many more essential
elements for optimal medical management.
Communication is important not only to optimize
case management for injuries but also to analyse
and learn from injury management processes in
order to learn from errors and improve medical
care. Overall, engagement of all the elements and
departments in the team is crucial for success, and
good communication skills and channels are
important to achieve the team’s goals.
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11.1

Who Are Team Physicians?

edge of on-field/court/pool emergency situations
such as cardiopulmonary resuscitation, cervical
The team physician is often viewed as the head of neck injuries, and appropriate spine boarding and
a sport’s health-care team, and must actively inte- transport.
grate his/her medical expertise with other health-
Team physicians are trained in a variety of core
care providers, such as on-site athletic trainers and specialties including, but not limited to, family
specialists. According to the American College medicine, internal medicine, pediatrics, physical
of Sports Medicine (ACSM) Team Physician medicine and rehabilitation, emergency mediConsensus Statement 2013 Update, “The team cine, orthopedics, neurology, and cardiology. A
physician must have an unrestricted medical physician with both primary care and sports medlicense and be a D.O. or M.D. who is responsible icine training likely underwent a subspecialty
for treating and coordinating the medical care of fellowship program after residency. During that
athletic team members. The principal responsi- fellowship year, the “primary care sports medibility of the team physician is to provide for the cine physician” fine-tuned his/her musculoskelwell-being of individual athletes—enabling each etal exam skills, expanded differential diagnoses
to realize his or her full potential. The team phy- relative to sports-related injuries, and learned the
sician should possess special proficiency in the roles within the health-care team at community,
care of musculoskeletal injuries and medical con- high school, collegiate, and professional levels.
ditions encountered in sports. The team physician There are also sports fellowships in orthopedics
must ultimately assume responsibility within the while neurology and cardiology have expanded
team structure for making medical decisions that post-residency training in sports as well.
affect the athlete’s safe participation.” [1]. In
addition to specialized musculoskeletal training,
team physicians must have a fundamental knowl- 11.2 Health-Care Team
J. R. Kovan (*)
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Medicine, Michigan State University,
Lansing, MI, USA
e-mail: kovan@msu.edu
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The most effective strategy to manage the variety of ailments and injuries encountered in
sports is to utilize all the resources available to
provide the most complete and comprehensive
level of care; this management paradigm requires
a “gatekeeper” to coordinate the event, assess
risk, and ultimately manage the athlete’s care
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from start to finish. The relationship between the
athletic training staff and the team physician is
essential in organizing and creating the healthcare team, and the role of mid-level providers,
physical therapists, and other ancillary staff
should not be undervalued or overlooked. But
the certified athletic trainer (ATC) for a basketball team is the health-care member serving at the
forefront of an athletes’ care. The ATC is often
the first medical personnel to evaluate an acute
injury or illness and at times, assist the athlete in
managing chronic conditions. At the direction of
the team physician, the ATC coordinates referrals
to the proper specialists, assists with obtaining
diagnostic testing, and ensures timely followup. They are trained extensively in nonoperative
and postoperative rehab protocols and techniques
ensuring their athletes make a safe and timely
recovery. In tandem, the ATC and team physician act as a bridge between the athletes and
their coaching staff, family members, and school
or organizations. It is of utmost importance that
the team physician and ATC create a relationship
founded on respect, trust, and communication.

11.3

Responsibilities and Duties

The team physician in basketball must understand the sport itself to prepare for and thus
immediately respond to sport-specific injuries.
This requires a knowledge of the typical mechanism of injury seen in basketball and how best to
prevent and treat these injuries to allow the athlete to return as quickly and safely as possible.
Team physicians, especially those that have been
trained in primary care specialties, will often also
manage chronic conditions, assess acute illness
and injury, and promote preventative medicine to
their athletes in the clinical setting.
A team physician’s first interaction with
an athlete often occurs at the pre-participation
physical (PPE). Athletes are often seen by their
team physician in the training room or clinic.
This office should allow ease, accessibility, and
familiarity to the athletes and their ATC. At most
levels of organized sport, institutions will require
their athletes to have a PPE to assess the level of

risk to participate. Included in the PPE is a thorough review of personal and family history and a
detailed physical examination. If the team physician is unable to conduct the PPE themselves,
they should personally review and familiarize
themselves with their athletes’ physical exam
notes and records. The PPE preps the physician and ATC on potential illnesses or injuries
that may occur and helps to determine the need
for additional testing or specialty referral when
necessary.
For basketball, the team physician should be
vigilant in screening athletes at increased risk of
sudden cardiac death. Basketball team physicians
must be aware of the high prevalence of hypertrophic cardiomyopathy in African American
basketball athletes as well as Marfanoid characteristics, which are particularly prevalent in athletes with tall and lean body habitus (see in more
detail in a later chapter), as these athletes are
at increased risk for sudden cardiac death from
arrhythmia, aortic aneurysm, or dissection. Team
physicians should have a basic knowledge of the
International Criteria for EKG interpretation in
athletes and know when to refer to cardiology for
further workup and testing.
Although team physicians may not attend all
practices and games, they are often on-call for the
athletic trainer and coaching staff for questions
and emergencies. (The expectation that the team
physician attends practices and games varies
from institution to institution.) But, during games
and practices, team physicians must stay vigilant
of the entire environment, both on- and off-court,
as they may be requested to attend to an ill or
injured coach, staff, referee, or cheerleader.
Traveling with a team is generally an individual institutional policy, and a team physician may
be required to travel to some or all away games
depending on their contractual arrangement. In
the event of travel, a medical bag with supplies
and medication will need to be prepared. Team
physicians must understand local, state, and
national policy in transporting and dispensing
medications during travel as well as their medical
liability coverage at venues outside of their own
facilities and state. At each new venue, the team
physician and ATC should meet with the oppo-
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nent team’s medical staff to discuss the arena
emergency action plan (EAP) as well as locate
nearby emergency medical centers, radiology
services, and pharmacies. An opponent’s medical
staff may be smaller or more robust depending
on the institution, so frequently a team physician
will be called upon to evaluate members of either
team.
Another responsibility of the team physician is
to develop and implement administrative policy
and procedures. This often requires the team physician and ATC to create and develop an emergency action plan (EAP) for practice and game
venues, which ensures that urgent situations are
handled in a comprehensive and consistent manner. The EAP must be rehearsed by all facility
personnel and support staff under the guidance
of the team physician and ATC. There are also
several additional protocols such as concussion
assessment and management, drug-testing, and
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return-to-play guidelines that the team physician
must be aware of and implement.
Additionally, team physicians may find themselves at the forefront of media attention when it
comes to the diagnosis and prognosis of injured
athletes. Team physicians must be effective and
clear communicators. This skill is of utmost
importance to ensure private medical information
is kept private in compliance with both HIPAA
policy and an athlete’s wishes. A release of medical information, signed by the athlete or family
(if a minor), is required before any discussion or
statement can be made by a health-care provider
regarding the athlete’s health status.
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12.1

Introduction

The medical staff in elite basketball includes several
professional caregivers. Although the medical staff
is responsible of treating all types of injuries and
illnesses related to basketball, they are also responsible for the regular treatment of illnesses during
winter and summer time as well as treating the families of the players so the players could concentrate
on their primary reason for being in the team [1, 2].
The head of the medical staff is usually an orthopedic surgeon who specializes in sports injuries. In
the last decade it has been changed from a physician who is interested in sports to a specialist sports
medicine physician. It can always be a specialist
specialized in Sports medicine, which is less popular in Europe. The team physician has to be specialized in orthopedic sports injuries due to the frequent
orthopedic problems occurring in Basketball.
There should be at least one more physician
which specializes in internal medicine and take cares
of all non-orthopedic issues such as flu, cold issues,
gastrointestinal issues, and sleeping problems.
Taking care of the player’s families is also under the
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responsibilities of the medical staff of the team as
long as there are foreigner players in the team, which
must be focused in playing best for the team [2].
The medical team is mainly composed of one
main team doctor, one or two consulting doctors who are specialized at sports medicine and
orthopedic, one or two consulting doctors who
are specialized at internal medicine fields, one or
two physiotherapists, one athletic trainer, one or
two physiotherapist assistant (chiropractor and a
masseur) and nutritionist [3] (Fig. 12.1).

12.2

Physiotherapists

The next important medical staffs are the physiotherapists. In a team of 12–15 players, the team
must have at least two specialized physiotherapists, whereas in bussy schedule there is even
need for three physiotherapists. Additional chiropractor and a masseur or both can help reduce the
load from physiotherapists and help to treat players through the season in very bussy schedules
where there are 3–4 games in a week [4].
The medical staff should include a mental
health coach or sports psychologist who can help
the players with stress management during the
season as well as helping with specific personal
issues and part of rehabilitation after injuries.
This staff has to be very professional for sports
and has to be a part of the collaboration between
coaching staff, medical staff, and player.
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Fig. 12.1 Medical team
at the bench

12.3

Nutritionist

A nutritionist is a part of the staff and works very
close to the athletic trainer/strength and conditioning coach in order to fit the needs of the players in
season during practices and daily home nutrition as
well as fitting all needs around the games played.
Additionally work is to prepare a menu for all away
games. There is a special need for arrangement of
meals around the flights and a specific list of food
for the hotels that the players will get all their nutrition gradients needed without changing the routine
and without being influenced from the traveling in
order to keep their body unstressed from changes.
The nutritionist needs to fit each and every
player his special diet or routine diet through the
season taking into consideration that it should fit
all time schedule changes through the season.
They need to visit the players each week or two
to check the player’s body weight and fat percentage according to the plan and together with
the strength and conditioning coach change if
needed or limit certain energy drinks or bars.
The use of energy drinks, energy bars, protein
shakes and additional vitamins and amino acids
have become very popular in competitive sports.
Although it is the responsibility of the team physician to approve all products consumed by the

players in order to avoid violating WADA regulations, the professional consultant in this issue is
the nutritionist who is a part of the medical team
and decides the players intake in coordination
with the strength and conditioning coach.

12.4

 eam Preparation Before
T
the Season

Taking care of a basketball team during a season
is challenging. However, a high-quality medical
care always begins with a good preseason medical preparation. It needs all caregivers to work in
close collaboration and in addition to collaborate
with the coaches. Our main goal is to prevent injuries and understand the optimal balance between
health management and optimizing performance.
The season starts with the preseason checkups.
There is no “gold standard” protocol for preseason
examinations. A medical questionnaire, which
includes all medical history, injuries, and surgeries,
MRI was done in the past, and specific issues are
being filled by the players. Each player has to pass
the stress test according to “Bruce protocol” in order
to be allowed for competition, but for a competitive team which invests millions of dollars it is not
enough for the evaluation of the player’s medical
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Fig. 12.2 Medical team
bag at European league

condition. Other than the stress test, we recommend
performing a cardiac echo, whereas it is even better to perform stress echo, blood tests which include
CBC, full biochemistry, and vitamin levels along
with EBV, CMV, and HIV tests and urine analysis.
An orthopedic screening must be done checking
all joints, stability, flexibility, and muscle strength
as well as previous injured joints or muscles. The
screening should be performed twice, one by the
head physiotherapist and one by the orthopedic
surgeon. After the screening it should be decided
if imaging studies such as MRI scan are needed for
a previously operated knee or a previous lumbar
disc herniation. We recommend adding a muscle
strength test—Biodex testing to plan the preseason
work up and seasonal strengthening and stretching
plan. These are generally performed by strength
and conditioning coaches and are an integral part
of all preseason checkups. It is extremely important to get all examination done for the evaluation
of the player and to build a reconditioning plan to
correct or improve muscle imbalances and work
on sports-specific muscles and joints involved.
The other important issue is to prepare the medical bag at the field (Fig. 12.2). Outlines of some
basic, recommended supplies for basketball are
given at Table 12.1. The necessary supplies can

Table 12.1 Medical staff bag coverage
CPR and cervical spine
Automatic external defibrillation device
Rigid cervical spine collar of appropriate sizes for the
athletes
Airway and ventilation supplies
Bolt cutters or heavy scissors to remove equipment if
necessary
Oropharyngeal (Oral) airways, various
sizes
14-Gauge catheter for tension pneumothorax
Nasopharyngeal (nasal) airway
Pocket mask for ventilation
Cricothyroidotomy kit
Bag-valve mask (masks and ventilation
bag)
Syringe (10 mL)
Lubricant
Intubation equipment (endotracheal tubes with stylet,
large forceps (McGill forceps), laryngoscope with
blade (and batteries))
Portable suction (manual)
Oxygen tank and reservoir
Circulation supplies
Intravenous catheters
Intravenous line tubing
Intravenous fluids (Normal saline or Ringer’s
lactate)
Tape to fix IV catheter in place rubber tubing for
tourniquet
(continued)
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Table 12.1 (continued)
Miscellaneous
Exam gloves (non-sterile and sterile pairs; latex and
non-latex)
Red biohazard bag
Penlight bandage/trauma shears (to cut through clothes,
tape)
Stethoscope
Blood pressure cuff
Absorbent 4 × 4 gauze, sterile
Oto/ophthalmoscope with blue filter
Sterile dressings and bandages
Oral/rectal thermometer
Band-aids
Reflex hammer
Tongue depressors
Rapid splint (for arm or leg)
Cotton tip applicators
Eye shield
Athletic tape
Mirror
Alcohol swabs
Fluorescein eye drops and cobalt blue light
Antiseptic solution
Tooth transport medium
Disinfectant
Foil blanket
Lubricant
Urine dipsticks
Salt packets ± electrolyte powder/solution
Tampons
Plastic bags for ice, biohazard
Ice
Prescription pad/forms/paper/pen
Syringes and needles
List of banned substances
Suture kit (needle driver, forceps, scissors, scalpel,
suture material, flexible skin closure strips)
For transport
Spineboard with side head supports
Stretcher
Sharps box
Crutches (±wheelchair)
Medications
Antibiotic medication
Injectable Epinephrine (1:1000 solution, prefilled
syringes)
Anti-inflammatory medication
Dextrose (50%, prefilled syringes)
Local anesthetic solutions
Nitroglycerine (spray or tablets)
Oral glucose paste or tablets
Aspirin chewable tablets
Beta agonist inhaler
Topical medications (antibiotic, steroid cream,
sunscreen)
Aerochamber
Other medications

vary, depending on the nature of the game, the number and severity of injuries expected, the number
of athletes participating, and the experience of the
physician [5]. A team physician should be familiar
with the use of all the equipment in the medical bag.

12.5

Field Triage Algorithm

During routine practices there is need for two physiotherapists, which work together with the strength
and conditioning coach, and report directly to the
coach if a player is injured, sick, or limited due to
any mild orthopedic issue such as strain or contusion. The physiotherapist’s work is challenging
and demanding. It is a daily challenge to keep
all players healthy and ready for the practices
and games. It is a maintenance work that should
be performed delicately. They should be able to
notice small changes in muscle balance, muscle
stiffness, or minimal swelling in a joint before the
player even starts to complain. They have to take
care of the equipment and be ready with protective
and/or therapeutic braces as needed and be ready
for all sorts of taping depends on injured or sore
areas the players complain of.
In any event of an injury the head of the medical team should be informed and the triage begins.
If the injury is minimal like a strain or sprain,
the head physiotherapist should check the player
and initial treatment is started. Then if needed,
the player should be evaluated by the orthopedic
surgeon (Fig. 12.3). After the quick diagnosis is
been made, the treatment plan will be noticed to
all medical team members and to the coach to estimate the expected time out of game (Fig. 12.4).
The player must be a part of the plan and should
get all the information about the estimated process.
In case of injuries, non-orthopedic injuries such as
eye injuries or face injuries, specific consultants
which work with the team should be notified to
consult the player immediately. There must be a
dentist and an ophthalmologist who work closely
with the team since these are the common injuries
in basketball other than orthopedic injuries.
During competition, there is need for all physiotherapists and at least one physician on the court.
The main goal of the medical team is to evaluate
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Fig. 12.3 Physiotherapist
can also handle minor
sports injuries

Fig. 12.4 Decision for
out of the game given by
team doctor
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the injuries quickly during the game and decide if
the player can get back on the court. Any bruise
or cuts that bleed can be treated immediately on
court or in the locker room and get the player back
on court as long as they are superficial. Sprains are
being checked bench side as well as muscle strains.
It is very challenging to evaluate quickly the nature
of injury to rely on the player’s feeling in order to
prevent an irreversible injury. The physician should
also be very well aware of personal character of the
player who can under- or overestimate the injuries.
The collaboration with the coaches and strength
and conditioning coach is extremely important in
competition especially when a player returns back
from an injury and is limited in minutes playing
according to a rehabilitation plan.
In case of a serious injury, which causes a
player to be out of competition for few weeks
such as hamstrings tear, severe ankle sprains, or
meniscal injuries, which may need surgical intervention, there is a return to play algorithm, which
medical team should work accordingly.
The first and most important is to diagnose the
injury and its severity. Each injury has its own
timeframe to heal but is still challenging to treat
and bring the player back to the court as soon as
possible but more importantly as safe as possible.
Treatment starts after the diagnosis, mostly with
physiotherapy and measurements to decrease the
inflammation, swelling, and pain. Medical team
should work on range of motion exercises together
with strengthening exercises. The next stage of
rehabilitation is to initiate basketball-specific exercises with the strength and conditioning coach
who is responsible for bringing the player back to
the court. After every injury, the return to practice
will start gradually with practice without contact
and gradually increase the load in practice time
and contact load until the player is ready for full
practice. If the progress is without any regressions,
then the player should be checked to be sure is
ready. Mostly there is no need for further imaging
unless there is still mild pain or hesitations of the
player or the medical staff. It is recommended to
bring a player back to the court when he is totally
pain-free and has full range of motion. However,
there are situations where the physician in partnership with the coach and the player can allow early

return to court even with some limitations. Those
limitations such as limiting playing time should be
followed strictly to keep the player safe.

12.6

 edical Coverage During
M
Major European Events

Leading and planning during major Basketball
events such as European Championship is of paramount importance in keeping all players and staff
medically safe. Any physician who has the responsibility of planning medical care during major
events should be very well aware of the framework
in which they operate. The setting at these events
generally poses challenges which are very different from a hospital or private practice environment.
This part of the chapter aims to outline the
general characteristics of the medical service
delivery at specific events from a perspective of
chief medical officer or local medical team.
Forming a Local Organizing Committee
(LOC) for medical care is essential for any major
elite event. The main focus of chief medical officer (CMO) and medical LOC is to prepare for
the upcoming event days to months before the
event starts. Medical LOC should be prepared,
the organization regarding Venues/site management, hotel clinics, accreditations, emergency
action plans, VIP and spectator medical services.
In all elite events, CMO and LOC should provide guidance to visiting medical staff. A medical information guide sheet should be ready and
delivered to visiting medical staff at least 1 week
before the event (Fig. 12.5). Medical information
sheet should contain all the necessary medical
information including the communication details
of local medical staff, nearest medical care facilities, public emergency medical services, and
closest available pharmacies to hotels and venues.
After the arrival of all teams to organizing
city, a detailed medical meeting should be organized. Head of medical delegations, members of
LOC, CMO, and team attaches should be present in this meeting in which a detailed overview
including maps of the city and health-care provider facilities should be discussed thoroughly
(Fig. 12.6). At this stage all the questions of
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Fig. 12.5 Medical information guide sheet for basketball event
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Fig. 12.6 Detailed overview including maps of the city and health-care provider facilities
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visiting medical staff must be clearly answered
by the members of the LOC remembering the
differences in health-care service mentalities in
between different countries. At this level, good
communication in between CMO, LOC members, team medical staffs, and attaché’s should
be organized keeping in mind that sport itself is
competition area but no competition in medical
field should be allowed.
Before and during the games, members of
the LOC should be present in venues to provide
guidance and give necessary information regarding locations and equipment of treatment rooms,
ambulances, and medical personnel.
In case of an injury or emergency, all should be
prepared to assist visiting medical staff throughout emergency care, diagnosis, and definitive
treatment process.
After the games, LOC should contact visiting
medical personnel for assistance of minor injuries if needed.
A nutritionist should be present in LOC to
control and supervise the meals in visiting team
hotels to prevent and food or water contamination and supply the team’s needs.

12.7

Conclusion

Taking care of elite basketball players is challenging and can be very rewarding. It requires
teamwork between few disciplines such as medical staff including physicians, physiotherapists,
mental coach, nutritionist, and specialist in specific injuries as well as strength and conditioning
coach and the head coach and his assistants. All
have to work in collaboration with the player himself. The main goal is to prevent injuries, main-
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tain good health through the season, diagnose and
treat injuries immediately, and finally bring back
the player on the court safely. It all starts with
preseason checkups and planning strength, stability, and conditioning for the season, continues
with daily small interventions during practices
by the physiotherapists, strength and conditioning coach, and mental health specialists, and getting ready for competitions. In case of an injury,
there is a systematic approach to bring the player
quickly and safely back to the court. It can only
happen when all abovementioned staff works in
collaboration.
Medical coverage during major events should
start with a good organization with a very well
organized CMO and LOC. Perfect communication between all visiting and local medical committee should be organized keeping in mind that
the game itself is the competitive field not the
medical services.
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13.1

Review of the Care Team
and Their Roles

There are many individuals who comprise the
care team for collegiate basketball teams. While
the majority of these providers care for all collegiate athletes, those responsible for team medical
coverage in collegiate basketball have unique and
specialized roles. These providers are detailed as
follows:

13.1.1 Team Physicians
The team physician is the primary medical provider for a college athletic team. In addition to
providing direct care to athletes during training
room appointments, the team physician is often
responsible for coordinating care among an
array of medical providers that contribute to the
comprehensive treatment of the collegiate athlete. Team physicians are present on the sidelines during competition. Working closely with
other staff, such as athletic trainers, they are
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responsible for the initial diagnostic assessment
and treatment plan in the event of an injury during play.
While the team physician is expected to have
a focused expertise in musculoskeletal and exercise medicine, they are also responsible for providing primary medical care for student athletes
when on campus. Often, both nonoperative primary care sports medicine physicians and orthopedic sports medicine physicians serve as primary
team physicians for a collegiate basketball team.
These physicians draw from their specialized
areas of expertise to diagnose and treat a variety
of sports-related injuries.

13.1.2 Athletic Trainers
Athletic trainers are graduates of accredited professional athletic training programs and are capable of evaluating injuries and creating a targeted
treatment protocol. Certified athletic trainers
focus on injury prevention as well as rehabilitation for those athletes who have sustained injuries. Athletic trainers provide care to college
athletes essentially on a daily basis for practice
and injury treatment. As the central focus of day-
to-day care for their team, athletic trainers have
important responsibilities such as providing
direct patient care to the athlete and serving as
the medical liaison among athletes, coaches, and
other medical specialties [1].
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13.1.3 Strength and Conditioning

13.2.1 Ankle Sprain

Strength and conditioning coaches provide comprehensive, sport-specific training regimens for
college athletes. In college basketball, these
coaches tailor specific programs and adapt training
programs to the individual athlete. They formulate
personalized training programs that focus on many
various components including muscle strength,
aerobic and anaerobic endurance, flexibility, coordination, speed, agility, and power [2]. Collaboration
with other providers, such as the team physician,
athletic trainers, and sports nutrition, is important
to provide student athletes with the opportunity to
maximize his or her performance potential [2].

The most prevalent orthopedic injury in college
basketball is the lateral ankle sprain. With multidirectional movements and the hazards of jumping and landing, sprains of the lateral ankle
ligaments are extremely common. The lateral
ankle complex is composed of three distinct ligaments: anterior talo-fibular ligament (ATFL), calcaneofibular ligament (CFL), and the posterior
talo-fibular ligament (PTFL). Excessive inversion loading of the ankle will injure these ligaments in a sequential manner, with injury to the
ATFL classically occurring first and PTFL occurring last. In general, the severity of the ankle
sprain equates with the number of ligaments
injured and the degree of ankle laxity that is demonstrated on physical exam. A I–III grading system is utilized to describe the injury and to
prognosticate on recovery. Key exam features
include palpable tenderness over the affected
ligaments as well as an assessment for associated
bony injury. Particular attention is directed to the
distal fibula, proximal fibula as may be involved
in a Maisonneuve fracture, and the base of the
fifth metatarsal. Anterior drawer and talar tilt
testing is useful to assess for joint laxity. Ottawa
ankle rules (see Box 1) should be utilized to
determine the need for X-rays. General management principles include RICE (Rest, Ice,
Compression, Elevation) and protection with
activity modification as needed. Gradual return to
activity may be undertaken when feeling better,
with additional support to the ankle provided by
taping, supportive ankle braces, and high-top
shoes. Athletes may resume sport when they have
restored ROM, normal strength, and good ankle
stability. Prevention should focus on strength,
flexibility, and proprioceptive training [6].

13.1.4 Sports Psychology
Sports psychologists have expertise in caring for
the mental health of the collegiate athlete. They frequently deal with mental health issues both on and
off the court in the realm of collegiate basketball.
While common mental health issues that affect college athletes include general mood disorders such
as anxiety and depression, sleep disorders, and
learning disability, there may be aspects of these
conditions that are unique to college basketball
players. For example, sports psychologists have
used psychological techniques such as progressive
relaxation and visual imagery to enhance performance during free throw shooting [3]. Newer psychological concepts, such as the practice of
mindfulness, can be taught to college basketball
players to improve free throw performance [4].
Ensuring the emotional well-being of all collegiate
athletes is at the foundation of optimal general
health in addition to peak athletic performance.

13.2

Common Maladies
Box 1: Ottawa Ankle and Foot Rules [5]

Due to the inherent musculoskeletal stresses
associated with the game of basketball, a number
of orthopedic issues are commonly encountered
by the treating physician. Some of the most common basketball-associated injuries are discussed
below.

An ankle X-ray series is only required if
there is any pain in the malleolar zone and …
• Bone tenderness at the posterior edge or
tip of the lateral malleolus
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• OR
• Bone tenderness at the posterior edge or
tip of the medial malleolus
• OR
• An inability to bear weight both immediately and in the emergency department for four steps
A foot X-ray series is only required if
there is any pain in the midfoot zone and …
• Bone tenderness at the base of the fifth
metatarsal
• OR
• Bone tenderness at the navicular
• OR
• And inability to bear weight both immediately and in the emergency department for four steps

Anterior and/or posterior tibio-fibular ligament sprains result from higher force loads to the
ankle, often with rotation. Pain is felt above the
ankle and may extend proximally into the lower
leg as a result of injury to the syndesmotic membrane. These “high ankle” sprains are more significant injuries which result in greater degrees of
dysfunction and typically take several additional
weeks to heal.

13.2.2 Achilles and Patellar
Tendinitis
Achilles and patellar tendinitis (“jumper’s knee”)
often occur in basketball players as a result of
repetitive cutting, jumping, and landing. Chronic
tensioning of these tendons results in inflammation and pain that may be function-limiting. Focal
tenderness and swelling either in the mid-
substance of the tendon or at the bony attachment
are common findings. Often an acute increase in
physical activity or a change in training regimen
may cause these injuries. As overuse syndromes,
both generally respond well to RICE, rehabilitation focusing on balanced flexibility and strength,
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and activity modification. Some basketball athletes find a counterforce patellar tendon strap to
be helpful in changing the loading properties of
the tendon for sport. Both conditions generally
respond well to the conservative measures above.
More violent loading of the Achilles tendon in
particular may result in partial or complete tearing with resultant loss of active plantarflexion of
the foot and ankle and a positive Thompson/
Squeeze test with loss of passive ankle plantarflexion. An acute tear of the Achilles tendon in
a basketball player generally necessitates surgical repair to ensure return to play.

13.2.3 Muscle Strains
Basketball players may suffer a variety of muscular injuries as a result of the varied demands of
the sport. Muscular strains generally result from
transient overload or over-stretching of the muscle with associated muscle fiber disruption. Often
the athlete feels a “pull” or “pop” in a muscle
group with rapid onset of pain and dysfunction
including antalgic gait. The primary muscle
groups involved in basketball are the gastrocnemius/soleus complex, hamstrings, quadriceps,
and lumbar paraspinal muscles. Physical exam
generally reveals loss of range of motion and
focal muscle tenderness with spasm and/or hematoma formation. In higher level muscular injuries, a frank defect may be palpable in the area of
muscle damage. Muscular injuries generally heal
well with time, strengthening, and a progressive
pattern of stretching for ROM restoration. Most
muscular strains resolve in several weeks, but
higher level injuries in muscle groups known to
take more time, most notably the hamstrings,
may take 6 weeks or longer to heal and allow
return to sport.

13.2.4 A
 nterior Cruciate Ligament
(ACL) Tear
ACL tears are devastating season-ending injuries
commonly seen in basketball players. Recent
data continue to find that women suffer ACL
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tears approximately three times more often than
men with an incidence of 0.22/1000 athlete exposures [7]. Most female ACL injuries occurred by
a noncontact mechanism (60%) versus a contact
mechanism for men (59%). These injuries are
classically due to noncontact valgus and rotational loads to the knee which create abnormal
tensioning of the ACL and subsequent rupture.
Often athletes will feel or hear a “pop” when the
ACL tears, followed by significant pain, rapid
joint swelling due to hemarthrosis, and a sense of
instability when loading the knee. Lachman and
anterior drawer testing classically reveal
increased joint laxity and lack of a firm end point.
Management for basketball players is surgical
with reconstruction of the ACL being essential to
restore sufficient knee stability to return to the
physical demands of the sport. Post-operative
rehabilitation and return to sport generally takes
9–12 months. Unfortunately, recurrent ACL
injury is not uncommon, especially in female collegiate athletes [8].

13.2.5 Finger/Wrist Injuries
Finger and wrist injuries occur commonly in basketball due to ball-induced trauma or from falling
onto the outstretched hand. Ball trauma may
result in extensor mechanism injuries of the DIP
joint (mallet finger) or the PIP joint (boutonniere
deformity) as well as fractures and interphalangeal joint dislocations.
Ulnar collateral ligament (UCL) injuries of
the thumb metacarpophalangeal joint (“gamekeeper’s thumb” or “skier’s thumb”) create varying degrees of dysfunction based on pain and
instability. Dribbling and shooting may both be
adversely affected by the injury and the presence
of protective bracing. Grade III injuries (complete
ligament disruption) of the UCL are generally
surgically corrected. Lesser injuries will generally heal well with splint use over 4–6 weeks.
Finally, falling onto the outstretched hand
may result in a scaphoid fracture. Pain in the anatomic snuffbox is the hallmark, often with a positive scaphoid shift test. X-rays often do not
initially show a fracture; therefore, early manage-
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ment should be based on clinical suspicion rather
than imaging findings. It is important to immobilize the hand and wrist with a thumb spica splint
or cast until a definitive diagnosis is reached.
Scaphoid fractures are generally managed operatively in basketball players as there is a high risk
for nonunion. The relative severity of the injury,
need for surgery, and the ability to place the
player in functional bracing all contribute to
return to play decisions and timing.

13.2.6 Facial Trauma
Due to the contact risk associated with rebounding or being defended, nasal fractures in basketball are a common facial injury. Nasal fractures
generally arise from being struck with an elbow
and may occur at the bony bridge of the nose or
more inferiorly involving the cartilage. Most
nasal fractures heal well without any significant
intervention. More aggressive management may
be required when the nose is poorly aligned,
depressed, or nasal obstruction is present. The
examiner should visually evaluate for a septal
hematoma which appears as a bluish asymmetric swelling arising from the septal area as seen
through the nares. Immediate evacuation of the
hematoma is required to avoid septal breakdown. The surrounding facial bones should
always be assessed for concomitant injury
including the orbits, maxillae, and zygomatic
arches. Facial pain, facial asymmetry, loss of
extraocular muscle function, or diplopia warrant
CT scanning.

13.2.7 Management of Common
Illnesses and Impact on Sport
13.2.7.1 Viral Illness
College basketball players are prone to all of the
same general medical conditions and illnesses as
other athletes. With regard to illness, the suitability for continuing or returning to sport is predicated on common sense principles about
readiness and safety for high-level activity.
Adherence to these principles ensures that play-
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ers are not inappropriately active at a time when
it is not safe or prudent for them to do so.
A common construct is to use the “neck up/
neck down” division of symptoms as a guide for
safe participation. Illnesses with “neck up” symptoms only—sneezing, sore throat, rhinorrhea,
sinus pressure, mild headache—allow for continued play. Those illnesses with “neck down” features—fever, chills, sweats, myalgias, significant
fatigue/malaise, lymphadenopathy, deep cough,
nausea, vomiting, diarrhea—are generally not
compatible with high-level exercise and should
prompt a hold from basketball activities until
resolved.
By far the most common illnesses in basketball players are viral upper respiratory infections
(URI). These “common cold” syndromes are
generally mild and self-limited, typically lasting
3–5 days. Since these are associated classically
with “neck up” features, they allow for ongoing
participation with symptomatic management.
Viral syndromes associated with “neck down”
features require a medical hold from activity until
resolved. Most of these more significant illnesses
are nonspecific and do not have a well-defined
etiology. Influenza is the most common viral syndrome that can be easily diagnosed via testing.
Infection with Epstein Barr virus (EBV) causes
the classic clinical syndrome of infectious mononucleosis. This condition is associated with a 3to 6-week course of fevers, significant fatigue,
exudative pharyngitis, posterior cervical lymphadenopathy, and varying degrees of hepatosplenomegaly. Because of concerns for possible
splenic injury with sport, these athletes are held
from all activity for a minimum of 3 weeks from
the onset of illness to allow for adequate recovery. In some cases, a number of additional recovery weeks may be required.

13.2.7.2 Concussion
In basketball players, concussions often result
from being struck with an inadvertent elbow, hitting the head on the floor during a charge/block
collision, or from being undercut during rebounding or jumping. Almost uniformly, athletes suffering a concussion complain of acute onset of
headache, nausea with or without vomiting, and
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dizziness. Other clinical features may include confusion, fatigue, sound and light sensitivity, poor
concentration, and disrupted sleep patterns. The
treating physician should rely on consensus guidelines to make the diagnosis and to monitor the
natural history of the condition [9, 10]. No athlete
should be returned to sport on the day of injury,
without exception. Recent research supports the
value of low-intensity exercise before complete
resolution of the concussion as long as it does not
exacerbate symptoms [11]. Once the player is
symptom-free, the treating physician should perform a standardized assessment of neurocognitive
tests (SCAT5, ImPACT, or equivalent), balance via
modified BESS, and oculo-
vestibular (VOMS)
testing. When all parameters are normal or have
returned to athlete-specific baselines, return to
basketball is allowed (see Box 2).

Box 2: NCAA Box Concussion Return-to-Play
Algorithm [12]

1. Active, targeted treatment includes the
following:
(a) Progressive aerobic exertion for
athletes with prolonged symptoms
and impairment,
(b) Vestibular therapies that target deficits in gaze stability, proprioception,
vestibular ocular reflex, postural control, and dynamic gait,
(c) Vision therapies that target deficits
such as accommodative and convergence insufficiencies, impaired version eye movements, and ocular
misalignments.
2. Return-to-Play Stepwise progression:
Once a concussed student athlete has
returned to baseline level of symptoms,
cognitive function, and balance, then the
return-to-play progression can be initiated as follows in this general outline:
(a) Light aerobic exercise such as
walking, swimming, or riding a stationary bike. No resistance training.
If asymptomatic with light aerobic
exercise, then;
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by abnormal thickening of the left ventricular or
septal walls of the heart, creating either pathologic outflow from the left ventricle or resulting in electrical instability and arrhythmias due
to myofibrillary disarray in the myocardial tissue. This autosomal-dominant genetic condition is actually quite common with an incidence
of roughly 1:500 in the general population, but
varying degrees of penetrance and genetic expression dictate that many who carry the gene will
never develop the pathologic condition [18].
Cardiac auscultation may demonstrate a harsh
systolic murmur, loudest at the lower left sternal border, which increases with the Valsalva
maneuver or dynamic positional changes (squat
to stand) and does not radiate to the carotid arteries [19]. It is important to note that some HCM
patients do not demonstrate a pathologic murmur.
Electrocardiogram (EKG) may demonstrate left
axis deviation or left ventricular hypertrophy in
the case of HCM [20]. Echocardiogram or cardiac
MRI may be required to definitively diagnose this
condition and elucidate quantitative information
that can be used to restrict or modify an athlete’s
participation in sport accordingly. Because of the
high cardiovascular stresses of basketball, HCM
would be more likely to manifest in a basketball player than in many less-demanding sports.
13.2.7.3 Cardiac Concerns
Although many collegiate basketball teams perCollege basketball athletes are at increased risk form pre-participation cardiac screenings with
of sudden cardiac death and cardiac complica- EKG and echocardiography [21], it can be diftions relative to many other athletes. Though the ficult to diagnose HCM because it may develop
exact etiology of this predisposition is unknown, very slowly over years of time, often after the
it is assumed to relate to the extended high-level time of initial screening. Unfortunately, sudden
aerobic demands of the sport. Screening for pre- death is a common presenting feature.
existing cardiac conditions is a universal compoMarfan’s syndrome is a genetic disorder of
nent of the pre-participation evaluation of all connective tissue primarily affecting heart, eyes,
collegiate athletes. While cardiovascular disor- blood vessels, and bones and characterized by a
ders are the leading cause of sudden death in number of typical phenotypic features. Because
young athletes during sports and exercise [13–16], of the association of Marfan’s syndrome with tall
collegiate basketball players, particularly male stature, taller basketball players should be conathletes of African descent, have a higher risk of sidered for this diagnosis. Criteria for a diagnosis
certain cardiac anomalies that can cause sudden of Marfan’s are included in Box 3. Depending on
cardiac death [5, 9].
the status of their aorta, basketball players with
Hypertrophic cardiomyopathy (HCM) is the Marfan’s can potentially play with close cardiolmost common cause of sport-associated sudden ogy monitoring to evaluate for progressive aortic
cardiac death in the United States, accounting root widening with associated risk for aortic
for almost 50% of cases [17]. HCM is defined rupture.
(b) Sport-specific activity with no head
impact. If asymptomatic with sportspecific activity, then;
(c) Noncontact sport drills and resumption of progressive resistance training. If asymptomatic with noncontact
drills and resistance training, then;
(d) Unrestricted training. If asymptomatic with unrestricted training, then;
(e) Return-to-competition.
Medical
clearance will be determined by the
team physician/physician designee,
or athletic trainer in consultation
with a team physician.
3. Return to Academics
(a) Return-to-learn should be managed in
a stepwise program that fits the needs
of the individual, within the context
of a multi-disciplinary team that
includes physicians, athletic trainers,
coaches, psychologists/counselors,
neuropsychologists, administrators
as well as academic (e.g., professors,
deans, academic advisors) and office
of disability service representatives.
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Box 3: Diagnostic Criteria for Marfan’s
Syndrome [22]

In the absence of a family history:
1. Ao (Z ≥ 2) AND EL = MFS
2. Ao (Z ≥ 2) AND FBN1 = MFS
3. Ao (Z ≥ 2) AND Syst (≥7
points) = MFSa
4. EL AND FBN1 with known Ao = MFS
EL with or without Syst AND with an
FBN1 not known with Ao or no
FBN1 = ELS Ao (Z < 2) AND Syst (≥5)
with at least one skeletal feature without
EL = MASS MVP AND Ao (Z < 2)
AND Syst (>5) without EL = MVPS
In the presence of a family history:
5. EL AND FH of MFS (as defined
above) = MFS
6. Syst (≥7 points) AND FH of MFS (as
defined above) = MFSa
7. Ao (Z ≥ 2 above 20 years old, ≥3 below
20 years) + FH of MFS (as defined
above) = MFSa
Systemic score
• Wrist AND thumb sign −3 (Wrist OR
thumb sign −1)
• Pectus carinatum deformity −2 (pectus
excavatum or chest asymmetry −1)
• Hindfoot deformity −2 (plain pes planus −1)
• Pneumothorax −2
• Dural ectasia −2
• Protrusio acetabuli −2
• Reduced US/LS AND increased arm/
height AND no severe scoliosis −1
• Scoliosis or thoracolumbar kyphosis −1
• Reduced elbow extension −1
• Facial features (3/5) −1 (dolichocephaly,
enophthalmos, downslanting palpebral
fissures, malar hyoplasia, retrognathia)
• Skin striae −1
• Myopia >3 diopters −1
• Mitral valve prolapse (all types) −1
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Maximum total: 20 points; score ≥ 7
indicates systemic involvement
Ao Aortic diameter at the sinuses of
Valsalva above indicated Z-score or aortic
root dissection, EL Ectopia lentis, ELS
Ectopia lentis syndrome, FBN1 Fibrillin-1
mutation, FBN1 not known with Ao FBN1
mutation that has not previously been associated with aortic root aneurysm/dissection, FBN1 with known Ao FBN1 mutation
that has been identified in an individual
with aortic aneurysm, FH Family history,
MASS Myopia, mitral valve prolapse, borderline (Z < 2) aortic root dilation, skeletal
findings, striae, MFS Marfan syndrome,
MVPS Mitral valve prolapse syndrome,
Syst Systemic score, US/LS Upper segment/lower segment ratio; Z Z-score.

In other parts of the world, most notably in
Italy, arrhythmogenic right ventricular cardiomyopathy (ARVC) is the most common cause
of sudden cardiac death in athletes. This disorder
results from unlinking of desmosomes in the myocardial cells which creates focal areas of myocardial weakness and arrhythmogenic sources due to
fibrofatty deposition in the involved areas. This
condition is generally not compatible with highlevel basketball participation.
A number of other underlying cardiac conditions should be considered in basketball
players. Anomalous coronary arteries, myocarditis, a variety of cardiomyopathies, and
inherited rhythm disorders such as congenital
long QT syndrome and Wolff-ParkinsonWhite syndrome may present as exercise intolerance, chest pain, inappropriate shortness of
breath, syncope, or sudden death. There still
exists a debate in the sports medicine community about the benefits and risks of pre-participation cardiac screenings in athletes. That
determination is individualized based on the
sport and its associated risk for cardiac complications, access to screening methods, assistance in interpreting equivocal findings, and
the availability of high-quality cardiology
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back-up for additional testing if needed. It is
our belief that cardiac screening in basketball
players is highly desirable if the above conditions can be met.

13.3

Miscellaneous

13.3.1 Travel
Travel produces a number of challenges for the
basketball team physician. Collegiate basketball
teams play 30–35 games per season and typically
will play 15–18 away games. Depending on the
distance traveled and the number of time zones
covered, basketball players may experience significant disruptions in their natural body rhythms
with regard to practice and game times, meal
times, and sleep cycles. The basketball team physician needs to be acutely aware of the variations
in schedule associated with road games for their
team. Whenever possible, the team physician
should utilize outside resources such as a sport
nutritionist and sports psychologist to assist with
ensuring adequate caloric intake and timing of
meals leading up to the time of the game as well
as assistance with sleep and relaxation techniques.
One of the other challenges of travel is an
increased risk for illness with increased exposure
to potentially ill individuals, especially during
the cold weather months in a typical basketball
season. Steps should be taken to minimize the
likelihood of such exposures, and players should
be encouraged to maximize their lifestyle management with regard to sleep, caloric intake, and
hydration. The rigors of travel also increase the
risk of illness simply by creating an added level
of fatigue to a group of players who may already
be weary from the demands of the season.

13.3.2 Sleep
Perhaps no single lifestyle measure has a greater
impact on health and performance in basketball
than sleep. As noted above, sleep can be disrupted
either because of time zone changes or loss of
hours of sleep because of the logistics of travel-

ing from one venue to the next. It is crucial that
the basketball athlete understands the importance
of adequate sleep for optimizing performance
and for recovery after high-level activities. It
should be emphasized that a short night of sleep
cannot be adequately compensated for after the
fact. Particularly with scholastic athletes, this can
be a major challenge when academic demands
are higher and the individual simply has inadequate time to get the rest they need.
For athletes traveling multiple time zones, the
treating physician should anticipate management
of the time change [23]. In general, players
should try to immediately adapt to the local time
of the area that they have traveled to. For significant time zone differences, it is advisable to try to
travel at least one additional day prior to game
day to allow for better adaptation to local time.
Ideally, the normalization of the sleep pattern
occurs naturally. In circumstances where athletes
are struggling with sleep, safe and conservative
measures such as melatonin or sedating antihistamines such as diphenhydramine may aid in falling asleep.
It is also important to realize that each basketball athlete has an innate circadian rhythm where
certain times of the day will be preferable for
high-level activities, while others will not. Travel
may further exacerbate this and may fundamentally force an athlete away from the timeframe
that would be ideal for them to be performing.
There is no fundamental means of compensating
for this, but it is important for the athlete, coach,
and medical staff to appreciate that some individuals will not feel well or perform well during
times when their circadian rhythms do not favor
optimal performance.

13.3.3 Summer Training
Several years ago, the NCAA approved summer
practice for collegiate basketball programs. This
created a unique set of challenges with regard
to balancing the necessary work of team preparation versus providing adequate rest time in
what previously had been the off-season. This
added physical demand increases the risk of
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stress injuries and also can be mentally taxing
as collegiate basketball players now get few
breaks through the course of the entire year. The
basketball team physician should be monitoring both physical and emotional needs of the
team during this time frame to ensure that this
added level of practice and preparation is not
counterproductive.

13.3.4 Mental Health
Mental health concerns have become much more
prominent in sport in recent years. Athletes are
seeking assistance for their mental health concerns more commonly and are appreciating that
they are performing in an increasingly pressured
circumstance which lends itself to the development of generalized anxiety, depression, panic
attacks, obsessive-compulsive disorder, and
related conditions. A basketball team physician
should always be on the lookout for fundamental
changes in behavior or thoughts within their
players. They should create a nurturing environment with an open-door policy to encourage basketball players to address their emotional needs
openly and feel comfortable to do so. Whenever
possible, additional specialized resources such as
a team psychiatrist, team psychologist, or counseling services should be available. It is always
important to remember that student athletes face
all of the same emotional struggles as the general
population and are no less likely to have issues
with those mental health concerns over time.
Medication use in this population is generally
very well tolerated. Selective serotonin re-uptake
inhibitor (SSRI) therapy in particular is very useful with regard to management of generalized
anxiety or depression. Relaxation techniques,
visualization, and other cognitive behavioral
therapy interventions not only provide the athlete
with significant mental health benefits for life in
general but may also translate over to improvements in performance. In some cases, athletes’
concerns are purely sport-related, and these can
be nicely addressed by the sports psychologist
with utilization of the conservative techniques
noted above.
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13.4

Conclusion

Caring for a college basketball team is an enjoyable yet challenging experience for the sports
medicine physician. Because of the broad spectrum of medical and orthopedic concerns that
arise in basketball players, it is essential to have
a broad working knowledge of illness and injury
management in this unique group. Rapid and
accurate diagnosis coupled with a methodical
and appropriate treatment plan is an essential
skill that the basketball team physician may be
asked to perform on a daily basis. Whenever possible, the physician should maximize prevention
strategies for their team and anticipate issues
that may arise relating to travel, academic
demands, and the inherent mental health challenges of collegiate sports. Providing such care
is the foundation of student athlete success as the
physician’s thoughtful evaluation, treatment, and
return to play protocol ensure both the safety and
optimal performance of the collegiate basketball
player.
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14.1

Medical Team Members

Each NBA team has a multidisciplinary team of
healthcare professionals that work together to provide comprehensive healthcare management with
the goal of optimizing players’ physical health,
mental well-being, and sports performance.
Although there is a Director of Sports Medicine
for the NBA, his role in day-to-day team coverage
for a specific team is limited and beyond the scope
of this chapter. Different organizations within the
NBA may employ different roles within their network of healthcare professionals; however, there
are core elements of each team that are quite similar (Table 14.1). These core elements include a
head team physician, as well as other physicians
that may vary from team to team. Most NBA team
physicians are either primary care physicians or
orthopedic surgeons who have completed fellowship training in sports medicine. These physicians
as well as the team dentist provide team coverage
at every home game throughout the season.
T. J. Kremen Jr. (*) · D. McAllister
Department of Orthopaedic Surgery,
David Geffen School of Medicine at UCLA,
Los Angeles, CA, USA
e-mail: tjkremen@mednet.ucla.edu;
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David Geffen School of Medicine at UCLA,
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In addition to this team of physicians, there
are also several nonphysician members of the
medical team (Table 14.1). These often include a
head athletic trainer, an assistant athletic trainer,
a physical therapist, a strength and conditioning
specialist, a massage therapist as well as a sports
performance psychologist. Some organizations
also include a director of sports performance that
oversees this group and serves as a liaison
between management for the organization and
the various members of the medical team.
Ad hoc medical team members include a
variety of consulting physicians. A cardiology
specialist is heavily involved in pre-participation evaluations (refer to pre-participation evaluation section below) as well as to manage any
athletes with cardiac pathology. Neurological
specialists with expertise in concussion are also
involved in pre-participation evaluations including obtaining baseline concussion testing (refer
to pre-participation evaluation section below).
In addition, they supervise return-to-participation guidelines specific to basketball that are
analogous to the return-to-play protocols associated with the management of other sportsrelated concussions. Most recently, the NBA has
implemented requirements and recommended
practices with regard to players’ mental health
and wellness. These requirements include
access to psychiatry and psychology providers
as well as a mental health emergency action
plan (refer to mental health section below).
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Table 14.1 Network of healthcare professionals providing care for an NBA team
A. Physician/dentistry team members
Head team physician
Additional team physicians (usually with sports
medicine specialization in orthopedic surgery or
primary care)
Dentistry
Cardiology (consultant)
Neurology (consultant)
Psychiatry (consultant)
B. Nonphysician team members
Director of sports performance (variable)
Head athletic trainer
Assistant athletic trainer(s)
Physical therapist
Strength and conditioning specialist
Sports performance psychology
Massage therapist

Finally, there are a multitude of orthopedic (foot
and ankle, hand, spine, etc.) and non-orthopedic
(e.g., ophthalmologists, pulmonologists, general surgeons, etc.) physicians whose opinions
are sought under specific circumstances as
needed.
It should also be noted that the NBA also
encompasses the NBA G-League and as a result
the medical guidelines for the NBA also apply to
the NBA G-league. Although there may be significant geographic separation between the
G-league facilities relative to its affiliate NBA
team, G-league athletes will often participate in
basketball in both the NBA and the NBA
G-league. Thus, the medical team for each of
these affiliated organizations has a certain degree
of inherent overlap with regard to resources and
infrastructure.

14.2

Pre-Participation
Evaluations

Pre-participation evaluations (PPEs) include
the five components listed in Table 14.2. The
medical evaluation is composed of a history,
including a family history of sudden death and
known cardiac disease, musculoskeletal injury
history, neurologic history (i.e., prior history of
concussion) as well as a physical exam. The

Table 14.2 Components of the pre-participation medical
evaluation
PPE components
Medical evaluation
Orthopedic evaluation
Concussion screening
Cardiac screening
Clinical lab tests

spine, upper extremities, and lower extremities
are evaluated for orthopedic pathology with
additional evaluation of any known history of
musculoskeletal injury or dysfunction. Baseline
concussion screening is also required by the
NBA. Currently, standardized baseline concussion screening tests include the NBA
Concussion Assessment Tool (NBA-CAT) as
well as the CogState Computerized Cognitive
Assessment Tool. Cardiac screening tests are
performed by a cardiologist consisting of standard vital signs, auscultation of heart sounds, a
resting electrocardiogram (ECG), as well as a
treadmill stress transthoracic echocardiogram.
A panel of clinical laboratory tests is performed
annually which includes a lipid panel, comprehensive metabolic panel, hemoglobin A1c, thyroid stimulating hormone, ferritin, 25-OH
vitamin D, and a complete blood count. Sickle
cell status is assessed once when the athlete
first enters the league. From an infectious disease standpoint, QuantiFERON-TB gold testing is performed to screen for tuberculosis.
Players are also recommended for the following vaccines: varicella, measles, mumps,
rubella, tetanus and pertussis, hepatitis B, and
influenza (Table 14.3). Antibody titers of these
diseases are checked to confirm immunity.
Further medical, radiologic, or orthopedic evaluation is completed as needed based on the
medical history of individual athletes. All of the
components of a standard NBA PPE are also
performed on the athletes who elect to participate in the annual NBA combine which assesses
all athletes who are candidates for that year’s
NBA draft. It should be noted that, once players
are drafted to a team, these PPE tests are not
necessarily repeated after the combine, unless
there is a medical issue that requires further
characterization.
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Table 14.3 List of vaccinations recommended for each
player in the NBA
Recommended vaccinations
Measles, mumps, and rubella (MMR)
Tetanus and pertussis
Varicella
Hepatitis B
Influenza

14.3

Emergency Action Plan

Prior to the start of each season, the medical professionals involved with the care of each NBA
team are required to review the action plan for
medical emergencies that may be encountered
throughout the course of a basketball season. This
includes issues such as pneumothorax, cardiac
arrhythmias, cervical spine injuries, and severe
musculoskeletal trauma such as joint fracture dislocations or open fractures. This emergency action
plan (EAP) review is typically done in coordination with local paramedics who will be covering
games throughout the season. Medical transportation is stationed in close proximity to the basketball court with direct access to surface streets in
order to facilitate expeditious transportation of
athletes in the event of a medical emergency. Of
note, these paramedics/EMTs are dedicated to caring for only the players and coaches. They do not
treat medical needs of venue patrons. There are
other medical resources available at the venue for
the treatment of game spectators. Standard paramedic medical supplies and equipment are available within close proximity to the basketball court.
This equipment includes: six lead ECG with cardiac monitoring; pulse oximetry; cardiac defibrillator capabilities; oxygen delivery; intubation
equipment; intravenous (IV) access kits; IV fluids;
and selected medications as well as a 7-ft spine
board (to accommodate athletes with tall stature)
with cervical spine stabilization pads (Fig. 14.1).

14.4

Mental Health

The NBA has taken major strides in the recent
past to improve mental health resources for its
athletes. In addition to creating a series of recom-

Fig. 14.1 Emergency medical technician equipment on
game day

mended practices for mental health care delivery,
prior to the start of the 2019–2020 season, the
NBA instituted a number of required standards
by which each NBA team must abide. For example, NBA teams are required to have a licensed
and board-certified consulting psychiatrist who
works in collaboration with one to two other
mental health clinicians (psychiatrists, psychologists, or social workers) who work with the team
and must be available to athletes on a regular
basis. Additionally, each NBA medical team
must have a written action plan for mental health
emergencies that are distributed to all team staff
that interact regularly with the players. This plan
must include information regarding when each
mental health professional is “on call,” and how
the consulting psychiatrist may be reached in
order to facilitate an emergency room visit or
hospital admission, if necessary. In addition to
these requirements, the NBA has a number of
general recommendations for mental health services, including creating an appropriate physical
and emotional environment for care, integrating
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mental health with other medical care and mental
performance consulting services, as well as educating players on the availability and confidential
nature of mental health care. These activities are
intended to be conducted in a designated private
space within each team’s training facility in order
to promote privacy and confidentiality for players
engaging these resources. Furthermore, these
available integrated mental health services should
include player wellness resources addressing
issues such as nutrition, sleep, stress reduction,
and mindfulness, combined with modalities
enhancing both physical and mental recovery.

by a physician are provided as needed by the
home team’s healthcare providers. NBA athletes
are commonly affected by musculoskeletal injuries. As a result, each NBA game venue is
equipped with X-ray imaging capabilities. EMT
services are also present at each home game with
the resources as described earlier in the “emergency action plan” section. Team physicians routinely accompany the team for post-season
playoff games and for selected preseason neutral
site games when their presence is requested.

14.5

The NBA basketball season consists of a preseason,
a regular season, and the playoffs (Fig. 14.2). As an
example, the 2019–2020 season consists of a preseason from September 30, 2019, to October 18,
2019. The regular season is from October 22, 2019,
to April 15, 2020, and playoffs are from April 18,
2020, to June 2020. Teams play 5 to 6 games in the
preseason with several games being played at international venues. There are 82 games played in the
regular season: 41 at home and 41 away. Teams
typically play several away games consecutively

 ame Day Coverage
G
and Resources

The NBA season is travel-intensive (Fig. 14.2,
home vs. away game schedule), however, team
coverage responsibilities are mitigated by the
local team coverage paradigm. Although athletic
trainers and other members of the medical team
will travel to all regular season away games, it is
unusual for team physicians to do so. Instead,
medical issues requiring evaluation and treatment

14.6

NBA Season Overview

Example Regular Season Month
LA Lakers–November 2019

Preseason: 19 days
Regular Season: 177 days
Playoffs: ~62 days
Time Off: 107 days

Total = 365

Preseason
Spetember 30, 2019–October 18, 2019
5-6 games

September

October

November

December

Home

Febrauary

March

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Regular Season
October 22, 2019–April 15,2020
82 games: 41 home, 41 away

January

Away

April

Fig. 14.2 NBA season overview and representative regular season schedule

Playoffs
April 18, 2020–June 2020
Up to 4 rounds of best-of-7 games series

May

June

July

August
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followed by several games at home. During the
regular season, NBA teams never play against the
same opponent at the same location for back-toback games. Figure 14.2 contains a representative
sample of home and away games for a typical
month during the NBA regular season. Sixteen out
of the 30 teams make the playoffs, which begin in
April. In total, teams may play up to 4 rounds of
4–7 playoff games (16–28 games total) with a significant amount of traveling during the playoffs.

14.7

Injury Documentation

Injury reporting and research in the NBA have
seen major advances in the last few years since the
creation of a centralized electronic medical record
(EMR) in 2012. Accessed and updated by team
physicians and athletic trainers, and audited by the
NBA to ensure reporting compliance, this NBA
player injury database contains detailed records of
injuries and illnesses suffered by players throughout their careers [1]. This allows for medical
records to be easily transferred among medical
teams when a player is drafted, acquired, or traded.
In addition, the EMR system allows for detailed
research to be performed characterizing contemporary medical needs and accurately assessing the
interventions used to treat the elite athletes that
make up this unique population. Prior to 2012,
injury data was recorded by and collected from
individual teams; however, quality control interventions and auditing were not conducted by the
NBA. Given that the majority of large studies of
injuries and illnesses in the NBA to date have
come from data gathered prior to the introduction
of the player injury database in 2012, or even from
publicly available injury records, the quality of
injury and health research among NBA athletes is
expected to greatly improve in the years to come.

14.8

Common Musculoskeletal
Injuries

A review of the available literature regarding
injuries in the NBA does provide some insight
with regard to the frequency and burden of mus-
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culoskeletal injuries in this population. In estimating the impact of these injuries on the NBA,
especially from the perspective of a team franchise, a useful metric to consider is the number of
games missed as a percentage of games missed
for all reasons. In the most recent comprehensive
analysis of injuries in the NBA over 17 years,
Drakos et al. [2] found the following as the ten
most significant causes of games missed among
NBA athletes: patellofemoral inflammation
(17.5%), lateral ankle sprain (8.8%), knee sprain
(7.4%), lumbar sprain/strain (6.6%), meniscal
tear (4.1%), foot fracture (3.7%), lumbar disc
degeneration (3.6%), triceps surae strain (3.5%),
foot inflammation (3.5%), and hamstring strain
(3.1%) (Fig. 14.3). It should be noted that the
majority of injuries (accounting for the most
games missed by players) have a short return-to-
play/recovery period, typically consisting of a
duration of days to weeks. Meniscal tears, foot
fractures, and lumbar disc degeneration on the
other hand, often are treated with surgical intervention and are associated with longer recovery
periods which have greater impact on the quantity of games missed. The overall team impact of
these surgically treated injuries can be even more
significant than other injuries, given the relatively
small number of players that comprise an NBA
team. A similar, often surgically treated injury
that was not included in this study: ACL tear represents another highly significant potential contributor to games missed. Minhas et al. reported
that ACL reconstructions represented 18.7% of
surgical procedures reported in the literature
among NBA athletes [3]. As a result, ACL injuries certainly warrant further investigation with
regard to interventions that may mitigate the risk
of these injuries in the future.
Another metric used in quantifying injury
impact in the NBA is the number of injury occurrences as a percentage of all injuries. This is particularly useful information for medical staff
aiming to be well prepared to successfully manage the most common basketball injuries. Many
of the ten most common injuries also appear as
common causes for games missed (Fig. 14.3,
black bars); they include lateral ankle sprain
(13.2%), patellofemoral inflammation (11.9%),
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Fig. 14.3 Most
common
musculoskeletal injuries
in the NBA and
percentage of missed
games stratified by
injury type as reported
in the literature [2]
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Non-Musculoskeletal
Injuries and Illnesses

Musculoskeletal injuries are not the only source
of morbidity among NBA players. Medical problems including upper respiratory infection, concussion, gastrointestinal distress, and head and
face lacerations are the most common documented non-musculoskeletal healthcare issues
affecting NBA athletes. Upper respiratory infections (URIs) have been reported to account for
16.7% of all reported injuries and illnesses in the
NBA, making them the single most commonly
documented injury or illness [4]. URIs are
responsible for 2.4% of games or practices
missed, which is just below the percentage of
missed games as a result of a hamstring strain [4].
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Accounts of concussion as the etiology of missed
games in the NBA vary widely from 4.3 concussions per season [2] to 14.9 concussions per season [5] (0.6%–2.1% of all injuries). Starting with
the 2011 season, the NBA instituted a league-
wide concussion protocol which raised the average number of games missed per concussion
from 1.6 to 5 [5]. This increase was likely due to
increased awareness and caution regarding the
risks of playing with a concussion. Upon returning to play after concussions, players were
reported to appear to have no difference in performance in their initial five games upon returning to play when compared to their prior
performance, and this lack of performance deficiency was also noted in comparison to matched
controls [6]. Gastrointestinal distress is a relatively common illness (3.5% of injuries and illnesses); however, this has not been reported to be
a significant source of practices or games missed
(0.5%) [4]. The importance of NBA medical staff
in being prepared to address gastroenteritis,
however, is perhaps best exemplified by a 2010
norovirus outbreak that may have affected up to
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appropriately counsel and optimize rehabilitation
strategies
for
players
requiring
these
interventions.
Important metrics for assessing performance
in athletes returning from injury include games
played upon return and player efficiency rating
(PER): the NBA’s primary, normalized metric for
quantifying a player’s combined positive and
negative statistics. From the standpoint of PER,
the two procedures with the worst outcomes are
also the procedures with the lowest return to play
percentage: (i) Achilles tendon repair and
14.10 Surgical Treatment
(ii) knee microfracture (Table 14.4). Players
undergoing these procedures on average have a
of Injuries
significantly lower PER up to 2 and 3 seasons folMusculoskeletal injuries treated with surgical lowing return to play, beyond which has yet to be
intervention are relatively uncommon in the studied [3]. Lumbar discectomy and ACL reconNBA. However, surgical treatment can have a struction procedures also result in reduced PERs
significant impact on the individual athletes, for players returning in their first season followincluding significant time away from basketball ing injury; however, by seasons 2 and 3 the athparticipation and can sometimes be career- lete’s PERs on average are not statistically
altering. The ten most studied surgical proce- different from their PERs in the season preceding
dures in the literature among NBA athletes and their injury. Patellar tendon repair, meniscal
their influence on return to play are depicted in repair, hip arthroscopy, foot fracture repair,
Fig. 14.4. Despite being relatively rare proce- shoulder surgery, and hand/wrist fracture repair
dures, ranging from 0.8 per year for Achilles ten- procedures on average do not negatively impact
don repair to 2.2 per year for ACL reconstruction, PER in athletes to a significant degree in their
NBA medical staff must be prepared to both first season following injury [3, 12, 13].
24 players and staff from 13 different NBA teams
[7]. Head and face lacerations represent 2.5% of
all injuries and illnesses, but these injuries only
result in 0.1% of games and practices missed [4].
Finally, other medical problems that have been
described in the NBA population include dehydration during games [8], eye injuries [9], vitamin D deficiency [10], and high rates of
inadequate immunity to vaccine-preventable illnesses [11].

Fig. 14.4 Injuries
treated with surgical
intervention in the NBA
as reported in the
literature [3, 12, 13]
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Table 14.4 Percentage of return to play for surgically treated injuries in the NBA as reported in the literature [3, 12, 13]
Surgery
Achilles tendon
repair [3]
Microfracture [3]
Patellar tendon [12]
Lumbar discectomy
[3]
Meniscal repair [3]
ACL reconstruction
[3]
Hip arthroscopy
[13]
Foot fracture repair
[3]
Shoulder surgery [3]
Hand/wrist fracture
repair [3]

Return to
play %
70.8

Number of
Player efficiency rating (PER)
procedures per year in seasons 2/3 following returna
0.8
Lower

Games played in seasons
2/3 following returna
Lower

71.9
75
79.4

1.1
0.9
1.2

Lower
No change
No change

Lower
No change
No change

81.5
84.6

1.9
2.2

No change
No change

Lower
Lower

85.7

1.6

No change

No change

90.2

1.4

No change

No change

93.5
98.1

1.6
1.8

No change
No change

No change
No change

Compared to their play in the season prior to injury (or in season 2 years prior [12]). Only changes that are statistically
significant are noted. (2/3 = season 2 or 3)

a

Besides PER, games played upon return from
injury is another indicator of the injury/procedure
burden. Players who undergo Achilles tendon
repair, microfracture, meniscal repair, and ACL
reconstruction on average play in significantly
fewer games up to 2–3 seasons after return when
compared to the season prior to injury [3]. For
patellar tendon repair, lumbar discectomy, and
foot fracture repair, games played rises after an
initial decrease of this parameter in the first season of return to play such that, ultimately, there is
no significant decrease in games played beyond 2
or 3 years following these procedures [3, 12].
Players undergoing hip arthroscopy, shoulder
surgery, and hand/wrist fracture repairs have
been noted to not play in significantly fewer
games in their first season back from injury compared to games played prior to injury [3, 13].

14.11 Summary
Medical coverage in the NBA involves a multidisciplinary team. Successful execution of medical care in this environment requires medical
providers to incorporate the needs of the organization (NBA), the franchise ownership, the players association, the coaches, as well as the

individual players in order to accomplish the
common goal of optimizing the health and performance of all NBA athletes.
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Part III
On Court Management in Basketball

On Court Examination
in Basketball: What the Clinician
Should Not Miss
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Jeremy Truntzer, Marc Safran,
Tahsin Beyzadeoglu, and Geoffrey Abrams

15.1

Introduction

The incidence of basketball injuries has increased
recently as the sport has become more physical
involving larger, more athletic participants.
Multiple studies have reported an incidence of
1.94–9.9 injuries per 1000 player hours (AE)
across various levels of play [1, 2]. While the
majority of injuries occur to the lower extremities, commonly the head and neck, upper limb,
and spine/pelvis can be involved. Concussions
and cardiac events also require consideration in
basketball players due to the potential for catastrophic outcomes and increased incidence
among the basketball demographic. Facial injuries, especially involving the eyes and mouth, can
require prompt treatment to improve outcomes.
Dislocations of the shoulder and knee should be
promptly evaluated and a thorough physical
exam performed to help guide primary treatment.
Unstable fractures of the hand and wrist similarly
warrant early evaluation and immobilization.
Some midfoot and forefoot injuries, acute and
chronic in etiology, require initial removal from
participation and immobilization. This chapter
J. Truntzer · M. Safran · G. Abrams (*)
Stanford University, Stanford, CA, USA
e-mail: msafran@stanford.edu; geoffa@stanford.edu
T. Beyzadeoglu
Halic University & Beyzadeoglu Clinic,
Istanbul, Turkey
e-mail: tbeyzade@superonline.com

reviews certain scenarios that mandate on-court
examination and provides guidelines for the medical provider.

15.2

Concussions

The physical and vertical nature of basketball
makes participants prone to concussions. Rates
of concussions range from 0.07 to 0.21 per 1000
athlete exposures depending on level and gender
[3, 4]. The mechanism for sustaining a concussion generally includes a direct blow to the head
either through contact with an opponent, the ball,
or the ground. The diagnosis of concussions is
clinical with signs and symptoms of acute neurological dysfunctions, cognitive impairment, and
altered mental status. The symptoms can onset
rapidly or gradually and resolve in a similar matter. The variation in presentation, as well as the
lack of consistent objective diagnostic criteria,
makes concussions a challenging diagnosis and
therefore requires heightened suspicion.
Moreover, making an accurate diagnosis is
important to facilitate earlier recovery, reduce
risk of early complications, and avoid additional
head and musculoskeletal injuries. Given the
high implications of appropriately treating a concussion, a conservative management approach is
commonly followed which often mandates
removal from play to minimize further
complications.
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Fact Box

Any player suspected of having sustained a
concussion should be removed immediately from competition.

The fundamental starting point for the clinician is to the make the diagnosis of a concussion
promptly, often requiring on-court evaluation. At
all playing levels, a concussion evaluation should
be triggered when an athlete is noted to have
undergone a forceful impact directly or indirectly
to the head associated with: symptom(s) reported
by the athlete, visible signs, or any clinical suspicion by the medical staff. The 2017 Berlin
Concussion in Sport Group Consensus Statement
provided mandatory and discretionary signs of a
concussion and appropriate actions tailored to
individual sporting federations (Tables 15.1 and
15.2) [5]. It was also noted that a mandatory or
discretionary sign in combination with a susceptible mechanism is highly likely to result in the
diagnosis of a concussion [6]. Facial lacerations
to the eye and bleeding or lacerations to the ear
should also initiate concern for a concussion.
When a suspicion of a concussion is present,
the athletic trainer or team physician should conduct an initial on-court evaluation. In the case of
a collapsed athlete, typically ACLS protocols
should be enforced, including evaluation of airway, breathing, and heart function [5]. A physical
exam should follow to exclude a cervical spine
injury or serious brain injury. Emergency transfer
should be initiated with signs of deteriorating
mental status or focal neurological findings.
Once excluded and the participant is deemed
appropriate for further evaluation, a more detailed
history and physical examination are necessary.
In most cases, the player can be removed from
the court for further evaluation.
A number of screens are available for on-site
assessment including the Maddocks Questions
[7], the Standardized Assessment of Concussion
(SAC) [8], the Balance Error Scoring System
(BESS) [9], the Sports Concussion Assessment
Tool (SCAT5) [10], the King Devick [11], and

Table 15.1 Mandatory signs of a concussion and recommended action
Sign
Loss of
consciousness
Lying
motionless for
>5 seconds
Confusion/
disorientation
Amnesia
Vacant look
Motor
incoordination
Tonic posturing
Impact seizure
Ataxia

Action
Remove from field of play. In some
sports, the athlete may not return to
the game once removed for a
mandatory sign. When permanent
removal is not required, a mandatory
assessment should be conducted in a
distraction-free environment to
determine return to play.

Table 15.2 Discretionary signs of concussion and appropriate action
Sign
Clutching
the head
Being slow
to get up
Suspected
facial
fracture
Possible
ataxia
Behavioral
change
Other
clinical
suspicion

Action
Further evaluation is required. The athlete
should be removed from the playing
environment, undergo an evaluation in a
distraction-free setting, and only return to
play if the signs are determined to have
been from a cause other than concussion.

Adapted from Patricios JS, Ardern CL, Hislop MD, Aubry
M, Bloomfield P, Broderick C, et al. Implementation of
the 2017 Berlin Concussion in Sport Group Consensus
Statement in contact and collision sports: a joint position
statement from 11 national and international sports organisations. Br J Sports Med. 2018;52(10):635–41

The Concussion Recognition Tool (CRT5) [12].
If available, the Sports Concussion Assessment
Tool (SCAT5) should be performed in a
distraction-free area by a specialist as recommended by most organization. The Concussion
Recognition Tool (CRT5) has also been validated
to identify situations where athletes should be
removed from sport in settings where a specialist
is not available [12].
While it is possible to diagnosis a concussion
immediately, often the diagnosis may require
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follow-up evaluation up to 48 h due to delayed
presentation. As such, removal from play is the
standard of care when suspicion of a concussion
exists. Even in the “stunned athlete,” who has
very short lived, temporary symptoms, concern
for a concussion should hold the player from
competition until appropriate assessment has
been completed. At all levels of play, an athlete
diagnosed with a concussion should not be permitted to return to sport on the day the concussion is sustained. Subsequent return to play
guidelines, treatment, and prevention is outside
the scope of this chapter and covered elsewhere.

15.3

Facial Injuries

Basketball participants following trauma to the
head and neck leading to injuries sustained to the
eye, nose, and mouth may require prompt evaluation and treatment. A basic understanding of
facial anatomy is important along with a properly
supplied medical kit to aid in diagnosis.
Due to the absence of facial protection in basketball, injuries to the eye rank among the highest
of all sports [13]. If ocular trauma is suspected,
examination should commence with review of
the symptoms the athlete has experienced in
order to develop an appropriate differential diagnosis. Physical examination should follow with
testing visual acuity one eye at a time. Assessment
of the pupils with penlight and extraocular movements is also required [14]. Cotton swabs and
eye-irrigating fluids should be readily available
to remove a foreign body. Certain ocular symptoms warrant urgent referral to an ophthalmologist for further evaluation (Table 15.3) [15].
Similarly, if an open globe injury is suspected,
a shield should be placed over the eye for protection while limiting pressure on the eye. An urgent
evaluation by the ophthalmologist is necessary.
Closed globe injuries along with orbital fractures
should be triaged according to the discretion of
the medical care provider based on the symptoms
encountered in a manner similar to Table 15.3.
For example, orbital fractures present with
varying symptoms including mild pain to reduced
vision, diplopia, and loss of extraocular
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Table 15.3 Ocular symptoms in athletes which warrant
an urgent referral to an ophthalmologist [15]
Symptom
Loss of vision
Diplopia

Photophobia

Flashes +/− floaters
Visual field defect
Ocular pain with
foreign-body
sensation
Ocular pain with
nausea/vomiting

Potential problem
Various (nonspecific complaint)
Extraocular muscle in orbital
fracture
Cranial nerve injury
Anterior chamber inflammation
(traumatic iritis,
microhyphema)
Vitreous detachment
Retinal tear
Retinal detachment
Corneal abrasion

Increased intraocular pressure

 ovement. Therefore, not all orbital fractures
m
warrant urgent referral.
Dental and orofacial injuries must also be considered in basketball players [16]. Tooth fractures
that only involve the enamel are usually less
severe compared to more severe injuries that
include the dentin or pulp (nerve). In the case of
the former, return to play is generally appropriate. In the case of tooth injury with nerve exposed,
the patient should be removed from competition
and referred for treatment, given the higher risk
for infection. In all cases, it is important to locate
all fracture fragments and place in a moist semi-
sterile solution for possible reattachment.
Following tooth subluxation, return to play is at
the discretion of the medical provider, whom
may consider use of a mouth guard, especially in
contact sports. When luxation of the tooth occurs,
the direction of displacement is important [17].
Extrusive luxation can be handled on the sidelines by gently pushing the teeth back into the
socket. However, if the tooth can be saved, it
should be splinted by a dentist in the correct position. Lateral and intrusive luxation often requires
application of local anesthetic or surgical reduction followed by splinting by a specialist. A dental avulsion is the complete traumatic
displacement of a tooth. Ideally the tooth is reimplanted within 5 min [18]. The avulsed tooth
should be handled by the crown only and quickly
rinsed in cold water, saline, or milk prior to
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r e-implantation. The tooth should not be replanted
in a child (with deciduous teeth) or unconscious
individual [16]. After replantation, urgent referral
to a dentist is encouraged.

Fact Box

Exposure of the pulp (nerve) following a
tooth fracture warrants removal from play
and prompts treatment by a specialist,
given higher risk of infection.

Maxillary and mandibular fractures are relatively uncommon in basketball, but occasionally
require urgent management. In some instances, a
maxillary fracture can drop posteriorly potentially closing the airway [16]. In this case, a
reduction in the maxilla anteriorly is necessary to
open the airway. When a mandibular fracture is
suspected, proper radiographic imaging is needed
and the player should be removed from
competition.

15.4

Cardiac

Although relatively uncommon among elite-level
athletes, sudden cardiac death (SCD) is a tragic
event. Unfortunately, the highest mortality rates
observed in NCAA University athletes in the
USA were among basketball players [4]. Overall
cardiac death was the second most common
cause of death, with a rate estimated at 1:43,700 in
Division 1 participants, but increases to
1:29,186 in elite athletes. The rate increases to
1:3126 for Division 1 male basketball players.
Subsequently, specific screening and protocols
have been implemented at higher levels, but medical providers at all levels should be versed
regarding on-court management of cardiac
events.
Perhaps the most important component of
sudden cardiac disease treatment in basketball
players is screening and prevention. In most
jurisdictions, including high school sports in the
USA, a targeted personal history, family history,

and careful physical examination are considered
the minimum. The Inter-association Consensus
Statement on Cardiovascular Care of College
Student-Athletes reported no consensus on universal screening for all athletes with an electrocardiogram (ECG) [19]. Should an athlete test
positive for any risk factors, further examination
is warranted often including an ECG, echocardiogram, and assessment by a specialist [19].
However, despite no consensus on the benefit of
universal ECG testing, among the larger (Power
5) collegiate conferences in the USA, 62% institute routine ECG screening for all athletes, with
an increase to 78% for male basketball players
[20]. FIBA recommends that all international-
level basketball players should undergo the minimal level of testing in addition to a 12 lead ECG,
with a similar algorithm for any athlete screening
positive. An international summit in 2015, however, noted that in the presence of cardiac symptoms or a family history or inherited cardiovascular
disease or premature SCD, a normal ECG should
not preclude further assessment [21]. Universal
ECG testing has not been adopted secondary to a
low specificity with further study necessary [22].
The “Seattle Criteria” was developed to help
improve the value of ECG interpretation in the
athletic population [23].
Preparedness is also critical to successful
management of sudden cardiac events during
basketball participation. Site organization including automated external defibrillator (AED) location and emergency protocols should be rehearsed
at least annually by the medical team as well as
reviewed prior to any participation. Ideally less
than 3–5 min will elapse between collapses to
shock, if required. Additionally, players at known
risk should also be identified, especially at away
events.

Fact Box

When a sudden cardiac arrest is suspected,
rapid initiation of CPR and prompt administration of an AED greatly improves the
chances of survival.
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A sudden cardiac arrest (SCA) should be suspected in any athlete that has collapsed and is
unresponsive [19]. High suspicion is also warranted in anyone that sustains a non-traumatic
collapse. Other signs of SCA include brief seizure activity following collapse and occasional
gasping or agonal respirations [24]. In the event
of a cardiac event, the emergency protocol should
be instituted. Airway, breathing, and circulation
should be immediately assessed. Pending the
findings, the appropriate measures should be
swiftly initiated [25]. Early CPR can double or
triple the chance of survival when administered
properly [26]. Prompt administration of AEDs is
the greatest factor affecting survival from cardiac
arrest. Survival from cardiac arrest declines
7–10% for every minute that defibrillation is
delayed [27]. As such, an AED should be applied
to any patient following SCA as soon as possible
for rhythm analysis and shock, if indicated.
Urgent transport to an emergency facility should
occur as soon as deemed safe.
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or inferior shoulder dislocations require extension of the arm at the elbow with overhead traction in the longitudinal direction of the humerus
while an assistant may also apply cephalad pressure over the humeral head to help guide it into
the joint [29, 30]. Inferior shoulder dislocations
are associated with higher rates of brachial plexus
and neurovascular injury and should be considered when the patient has extreme discomfort
with adduction of the shoulder and, on occasion,
the examiner may be able to palpate the humeral
head in the axilla.
Hand injuries are common basketball injuries,
with the majority involving sprains and ligaments. Severe injuries include fractures and dislocations. Timely and correct evaluation of finger
injuries is the priority for the medical staff with
some injury patterns requiring special consideration. Mallet fingers should be promptly splinted
in extension to reduce long-term complications
[31]. Dislocations of the MCP, PIP, or DIP should
be reduced as soon as possible prior to increased
swelling, if tolerated [32]. All dislocations require
follow-up imaging to prevent missed fractures
15.5 Upper Extremities Injuries
with the potential for long-term disability.
Persistent instability or crepitus warrants further
The upper extremity in basketball is relied upon for evaluation, with return to play postponed until
positioning as well as ball handling and therefore is the evaluation is completed. Scaphoid fractures,
susceptible to acute injuries. Fractures and disloca- commonly associated with a fall directly onto an
tions of the upper extremity including the shoulder outstretched hand, warrants heightened suspiand fingers are most common. Early evaluation is cion, given the long-term sequelae [33].
important for both purposes of diagnosis, treat- Tenderness over the snuffbox, volar scaphoid
ment, and return to play considerations.
tubercle, and scaphotrapezial joint are sensitive
Shoulder dislocations represent up to 1.4% of physical exam findings. Immobilization should
injuries during basketball participation [1, 2, 28]. be initiated until satisfactory imaging is obtained
In many cases, the shoulder can be reduced on- in cases of reasonable concern.
site, especially in players with a history of prior
dislocations. First-time dislocations may require
sedation or local anesthetic to aid with reduction. 15.6 Lower Extremity Injuries
Especially with first-time dislocations imaging,
usually radiographs, are necessary to rule out
associated fracture, which may delay to return to
Fact Box
play. In all cases, a thorough neurovascular
Knee dislocations are associated with cataassessment pre- and postreduction is required to
strophic outcomes, especially if a concurevaluate for concurrent nerve or vascular injury.
rent vascular injury is missed. Prompt
Unique dislocation patterns should also be conassessment of neurovascular status is critisidered, given the requirement for alterations in
cal if a knee dislocation is suspected.
reduction technique. For example, Luxatio Erecta
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Knee dislocation or multiligamentous knee injury

Reduction of knee joint

Evaluate distal pulses,
Obtain ABI

Distal pulses present,
ABI > 0.9

24 hour observation,
Serial examinations

Asymmetric distal pulses
Or ABI < 0.9

Anteriogram

Absent distal pulses
Or evidence of limb ischemia

Emergent surgical exploration
With on-table arteriogram

Fig. 15.1 Management of knee dislocation with concurrent vascular injury. Adapted from Nicandri GT,
Chamberlain AM, Wahl CJ: Practical management of

knee dislocations: A selective angiography protocol to
detect limb-threatening vascular injuries. Clin J Sport
Med 2009;19(2):125–129

Knee and lower extremity injuries are common in basketball, given the cutting, jumping,
and sudden changes of direction required to participate. While ankle sprains are the most common injury encountered among basketball
players, knee injuries account for the most time
lost and most likely to require surgery. Foot injuries also have a high incidence among basketball
players with certain injuries associated with catastrophic outcomes.
Among knee injuries in basketball players,
knee dislocations require the most urgent evaluation and decision-making. A knee dislocation by
definition is the disruption of the tibiofemoral
articulation and can occur in any direction typically involving at least two knee ligaments [34].
Multiple classification systems are used to
describe the pattern and severity. Despite the
association with high energy mechanisms,
approximately 50% of knee dislocations reduce
spontaneously before a formal evaluation [35].
When a knee dislocation is suspected, a thorough
evaluation is required on-site. Deformity of the
knee along with sensory and vascular deficits
must be assessed. Knee reduction should be
attempted on the court that reverses the deformity;
however, occasionally conscious sedation is
required after immobilization and removal from
the playing area. Repeat examination of the lower

leg should be performed after reduction. If successful, the knee should be splinted between full
extension and 20° of flexion. Even in the presence
of robust, symmetrical pulses, an ankle brachial
index (ABI) is necessary [36]. An abnormal ABI
(<0.9) or diminished/absent pulses postreduction
warrants further investigation [37, 38]. Normal
pulses with an ABI >0.9 still requires at least 24 h
of observation based on most recommendations
(Fig. 15.1). Treatment of a knee dislocation following initial stabilization and assessment is complicated and outside the scope of this chapter.
Injuries to the knee that also warrant consideration during on-court evaluation include ACL
injuries, meniscus tears, and patella tendon ruptures. In all cases, immediate return to play may
expose the player to further injury. A brief physical exam in combination with the mechanism of
injury is often sufficient to recognize these injuries and determine if the player can safely return
to play. Studies report high accuracy with specific physical exam maneuvers for the diagnosis
of ACL ruptures and meniscus tears, which also
often present with knee swelling and frequently
loss of range of motion if a large meniscus tear is
present [39, 40]. A defect in the patella tendon,
patella alta, or inability/difficulty with straight
leg raise should increase suspicion for a patella
tendon injury [41, 42].
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Additional lower extremity injuries mandate
special consideration, given increased incidence
among basketball players and carry catastrophic
outcomes if missed. Regardless of acute stress-
related etiology, talus [43], navicular, and proximal fifth metatarsal fractures (Jones fractures)
[44] are associated with poor healing. While early
recognition and immobilization are paramount for
the above fractures, evidence also supports the
role of surgical intervention to improve return to
play. Sesamoid stress injuries or fractures also
require increased awareness in basketball players,
given the higher rate of occurrence and potential
for missed diagnosis [45–47]. Any basketball
player with concern for an Achilles injury, acute
or chronic, also necessitates a complete examination. Complete tears require removal from participation. Early recognition in the case of a partial
tear can mitigate the risk of tear completion and
significantly reduce the time lost to injury [48].

3.

4.

5.

6.

7.
8.

15.7

Conclusion

The rate of basketball injuries is on the rise with a
number of injury patterns that require increased
awareness and on-court examination to reduce the
probability of a catastrophic outcome. Concussions
and sudden cardiac arrest are concerning among all
athletes, but occur at higher rates in the basketball
population. Facial trauma can necessitate urgent
treatment in order to improve outcomes. Certain
upper extremity injuries, especially unstable dislocations, may require removal from play and longer
absence from play. Knee dislocations, if missed,
can be limb-threatening and require thorough initial evaluation. Injuries to the foot and ankle with
poorer healing potential also warrant increased
awareness. Fortunately, despite a number of injuries that mandate on-court evaluation, most injuries
sustained in basketball can be handled off the court.
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Scenarios on Court: How to Best
Prepare Your Medical Team
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Goktug Firatli, and Baris Kocaoglu

16.1

Introduction

tocols, a suggested algorithm is the “C–ABCD”
approach to provide a uniform method of examWhen an athlete passes out, the team physician ining the downed athlete.
must consider both traumatic and medical causes.
The “C–ABCD” approach stands for cardioThe priority of the initial assessment should be pulmonary resuscitation (CPR) and cervical
given to the reversible life-threatening injuries spine (C), airway (A), breathing (B), circulation
which are damages related to cervical spine, head (C), disability (D) [1, 2].
traumas, airway, or circulation. Head and neck
During the primary survey, the athlete should
traumas may bring about loss of consciousness. not be moved instantly if there is no immediate
If there is a problem related to the airway and danger, cardiorespiratory emergency, or airway
circulation, the athlete may have a limited win- compromise that needs attention. Moving the
dow of time, as short as 3 or 4 min, before perma- athlete outside of the field should be done after
nent cellular damage occurs. Once threats to the completion of each step of the algorithm. In
cardiorespiratory system are cleared, the athlete order to avoid unwanted direct contact with body
is checked for neurological and other life- secretions and fluids, medical team should wear
threatening medical emergencies.
gloves while performing intervention.
Cardiovascular causes are the most prevalent
reason for nontraumatic sudden death in athletes,
and they are followed by dehydration, 16.2 CPR (Cardiopulmonary
temperature-related illnesses, electrolyte imbalResuscitation)
ances, and inappropriate drug use. Primary survey must be the first step, which should be done In case of encountering a passed-out athlete, the
on the field before moving the patient. Using most abruptly developing life-threatening condiaspects of popular acute cardiac and trauma pro- tion is cardiac arrest. Unresponsiveness and
irregular breathing may be signs of cardiac arrest.
In case of a cardiac arrest caused by sudden
M. Caglar
arrhythmia, myocardial infarction, shock, or
Anadolu Efes Basketball Team, Istanbul, Turkey
blunt trauma to the chest, CPR with chest comİ. Basoz
pressions should be immediately started without
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assessing the pulse. CPR can rarely cause harm
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Fig. 16.2 Rigid collar brace application

Fig. 16.1 Portable defibrillator

assumed [3–5]. Every medical team should have
electronic defibrillator for CPR on the field and
batteries of defibrillator should be checked before
every play and training (Fig. 16.1).

16.3

Cervical Spine Precautions

Immobilization of the cervical spine is the first
step intervention of cervical traumas because
mishandling of an unstable cervical spine may
result with spinal cord injury. In case of accidents
that may bring about possible harm to neck or a
patient complain of persistent neck pain, a serious injury to the cervical spine must be presumed.
After the cardiopulmonary emergency is
excluded, the athlete’s neck should be preserved
with in-line manual support and moved cautiously until neck injury is successfully ruled out.
Immobilization of the neck while other steps
of resuscitation are being performed is the
responsibility of medical team. Extension or flexion of the neck should be avoided, and in-line

immobilization of the neck should be maintained
until the time that cervical spine is secured and
stabilized with a rigid cervical spine collar
(Fig. 16.2).
If the athlete is unconscious, the cervical spine
protection is crucial, and it should be maintained
throughout the primary survey. Holding the head
and providing in-line manual immobilization
routinely protect the neck. In this maneuver, one
person holds each side of the athlete’s head to
keep the head and neck still. Another preferred
way to stabilize the cervical spine is putting a
hand on top of each shoulder and stabilizing the
head of the player with forearms [5, 6]. Traction
should be avoided (Fig. 16.3).
If there is an emergency condition which
requires the athlete to be turned over from a prone
position, at least four people should collaborate
to perform a log-roll maneuver, and if changing
position of the athlete is unneeded, log-roll
maneuver should not be performed. Assisting
three people should be positioned on one side of
the player, while the leader provides in-line
immobilization to the head and coordinate the
timing of the roll with “count of 3” toward the
assistants (Fig. 16.4). The team leader must make
sure hands of the athlete are crossed before logrolling the patient, so that they are in the proper
position when the patient is turned on to a supine
position. Depending on additional injuries need
to be addressed, the athlete may be moved afterwards onto a spine board before transfer [7].
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Fig. 16.3 Management of collapsed athlete

Fig. 16.4 The leader coordinates the roll of the athlete on the “count of 3” toward the assistants

16.4

A—Airway

Airway and ventilation examinations are next to
be prioritized in approaching to a collapsed athlete. The medical team should always give a point
to respiratory compromise in the event of trauma
around the head and neck and when an athlete
collapses, the tongue falling back is a very common cause of airway obstruction.
When assessing an injured basketball player,
beginning with asking to the athlete what was
his/her name is simple and effective way to find

out whether the airway and ventilation are clear
or not. Abnormal breathing sounds, such as stridor, gurgling, whistling, and gasping sounds
indicate partial airway obstruction.
Intercostal retraction, usage of accessory muscles, agitation, and altered level of consciousness
are some indicators of severe airway obstruction.
Cyanosis signs inadequate oxygenation and may
be seen as purplish discoloration over the nail
beds and around the lips, but it should be kept in
mind that cyanosis is harder to distinguish in athletes with dark skin.
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In case of failure to recognize adequate airway, to re-establish secure airway is the most
important concern. The first steps are to open
the mouth and make sure there is no foreign
objects through the airway and that the tongue
is not falling backwards occluding the airway.
To perform the chin lift, place an index finger
under the athlete’s mandible and gently pull
the lower lip down with your thumb. It is
important for a possible cervical spine injury,
not to hyperextend or flex the neck when performing the chin lift. In cases of compromised
airway by the tongue, the tongue will often fall
forward with the chin lift and relieve the
obstruction [7].
The airway is placed by positioning the
concavity upwards toward the roof of the
mouth (upside down) in order to assist the
ventilation. The airway inserted along the roof
of the hard palate until the soft palate is
reached (Fig. 16.5). The device is simultaneously and delicately slid in and rotated 180° so
that the concavity is pointing down and positioned over the tongue.
Ventilation with an airway and bag–valve–
mask device is possible in most cases and one
of the most fundamental skill in basic airway
management. However, if it is not possible to
maintain the airway and ventilate the patient,
a definitive airway, such as an orotracheal
tube, a nasotracheal tube, or a surgical airway (cricothyroidotomy or tracheostomy), is
required [7].

16.5

B—Breathing

Fig. 16.5 Oropharyngeal airway placement

Fig. 16.6 Bag–valve–mask device

After controlling airway and cervical spine, ventilation should be immediately checked because
sufficient oxygenation is necessary to maintain
the vital organs. Listening for breath sounds by
leaning over mouth of the athlete should be concurrent with watching whether breathing movements of the chest is symmetric or not.
Asymmetrical chest movement may point out
chest wall injury. In order to be sure about the
entry of adequate amount of air with spontaneous
breathing or assisted ventilation with a bag–
valve–mask device, each lung field should be
auscultated with stethoscope [7]. Blood or air in
the chest may block transmission of the breath
sounds.
In the presence of signs such as difficulty of
breathing and decreased breath sounds in auscultation, trachea should be palpated over the anterior neck to see whether it is deviated away to one
side of the chest. In case of a deviated trachea,
tension pneumothorax should be suspected.
If an athlete is not able to breathe spontaneously, a bag–valve–mask device can be used
(Fig. 16.6), and oxygen supplementation can also
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be administered through the mask. Bag–valve–
mask ventilation is performed with one or two
people. An appropriately sized mask should
cover athlete’s mouth and nose without extending
over the chin when it is placed over. If only one
person is available, the dominant hand should
hold the mask, and the nondominant hand is held
over the top of the mask, create a C shape with
index finger looking upwards and thumb looking
downwards used to ventilate the athlete by
squeezing the bag device. Use the remaining fingers of nondominant hand to gently draw the
mandible upward and through the mask in order
to maintain a good seal between the mask and the
athlete’s face, apply pressure by keeping the
mask in place (Fig. 16.7). Ventilation rate should
be one respiration per every 5 s, or two respirations per every 30 chest compressions if they are
also being performed.
Another important indicator of sufficiency of
ventilation and patient airway is the blood oxy-

Fig. 16.7 Thumb and index finger and draw the mandible forward by placing the remaining fingers under the
angle of the jaw during bag–valve–mask device
application
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gen saturation and peripheral perfusion. The
oxygen saturation and peripheral perfusion can
be assessed by pulse oximetry. Finger, toe, or earlobe can be used for placement of sensors. Values
about 100% are normal, but values which get
close or below 92% are worrisome [7].

16.6

C—Circulation

Assessment of the pulse is not one of the first
things to do in primary survey because chest
compressions should not be delayed, and pulse
identification during chest compression is difficult even for an experienced professional.
Palpating the carotid artery just under the angle
of jaw to assess the cardiovascular system is very
reasonable because it can be felt more easily than
other peripheral pulses like radial or femoral at
lower blood pressures.
If the carotid pulse is absent on each side, and
if the athlete demonstrates other signs of shock,
cardiac arrest or arrhythmia, CPR has to be initiated immediately [7].
If there is a pulse, physician should assess the
hearth rate and rhythm. The rhythm should be
regular; every beat should be followed by next
beat in rhythm with no skipped or extra beats.
The average resting heart rate for an adult is
between 60 and 100 beats per minute (bpm) and
for children 140 bpm or higher before 5 years of
age and around 120 bpm before puberty. But of
course it should be kept in mind that trained athletes may have a lower resting heart rate sometimes as low as 40 bpm and because of this fact
tachycardia hearth rate values may be lower for
these athletes. Athletes have better compensatory
mechanisms for hypovolemic event, so it is even
more difficult to recognize imminent shock.
If “there is obvious bleeding, application of
pressure dressings on the wounds, elevation of
the lower extremities above the level of the heart,
if there are no complicating injuries to the lower
extremities, should be made. Application of a
commercial tourniquet can be applied to reduce
blood loss from an injured extremity. Intravenous
fluids can be administered as soon as possible.
Normal saline (0.9%) is the fluid of choice.
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Ringer’s lactate is an alternative solution. In
cases of shock, 1000–2000 cc of normal saline
may be given, and the response assessed. If there
is absolutely no response, then non-hemorrhagic
causes of shock should be considered. If there is
significant hemorrhage, the athlete may require
blood transfusion at a suitable medical facility.

16.7

D—Disability

A significant head injury should be suspected if
the athlete is unable to answer simple questions
coherently, or if there is any visual sign of open,
depressed, or basal skull fracture, two or more
episodes of vomiting and amnesia greater than
30 min. Serious head and neck injury should
always be considered in a confused or unconscious athlete. To make the athlete smell strong,
scents should be avoided because it can cause
reflexive sudden extension of athlete’s head.
Bleeding from the ears, nose, or mouth, or
bruising around the eyes or base of the skull, suggest a skull fracture and an underlying closed
head injury. If the athlete does exhibit any sign of
head or neck trauma, athlete should be transferred to a hospital for definitive medical care.
Quick examination of pupils by penlight, asking the athlete a few questions, and assessment of
movement in each extremity give much about
athlete’s neurological status. During the eye
examination, physician should look for spontaneous eye movement, size of the pupils, reactivity
of the pupils to light, and symmetry of extra ocular movements. Both pupils should react
symmetrically to light. Dilation or poor light

response of one pupil strongly indicates an intracranial injury which is usually placed on the
same side with the enlarged pupil. Abnormal
extra ocular movements may indicate cranial
nerve palsy and/or additional intracranial injuries. Motor function can be quickly evaluated by
asking the athlete to squeeze the physician’s fingers and move the toes, owing to this examination physician can also check the athlete’s ability
to follow commands [7].
By briefly performing eye, verbal, and motor
testing in accordance with Glasgow coma scale,

severity of head injuries may be estimated
(Table 16.1). If physician consider necessary, the
player should be transferred to a hospital
(Table 16.2). The extremities should be quickly
examined for fractures, dislocations, or wounds:
look for areas of bleeding, swelling, and/or deformity. By palpating and log rolling each limb, physician can easily screen for obvious injury. In case
of injury to an extremity, one of the most important things is to make sure that the athlete’s neurovascular status is intact by checking sensation to
light touch and pulses distal to the injury.
Prefabricated or vacuum splints can be used to
immobilize the fracture until they can be properly
evaluated and treated. If fracture causes serious
neurovascular abnormality and transfer of the
athlete is going to be prolonged, reduction of the
fracture may be attempted by an experienced
physician. Alternatively, the injured limb may
simply be splinted in a position that decreases
tension on the compromised vessels and/or
nerves. If there is an obvious dislocation, an
experienced physician can try to relocate the joint
on the field, but in case he/she fails, the extremity
should be immobilized in a comfortable position
as the dislocation may be complicated by a fracture or soft-tissue imposition. If there is a vascular injury, emergent transfer for further evaluation
and treatment is strongly required.
Table 16.1 Glasgow coma scale
Eye opening
Spontaneous
To voice
To pain
None
Verbal response
Oriented
Confused
Inappropriate words
Incomprehensible sounds
None
Motor response
Obeys command
Localizes pain
Withdraws (pain)
Flexion (pain)
Extension (pain)
None

Grade
4
3
2
1
Grade
5
4
3
2
1
Grade
6
5
4
3
2
1
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Table 16.2 Conditions requiring emergency transfer
Problem
Airway
Airway compromise
Anaphylaxis
Breathing
Respiratory arrest
Drowning
Tension pneumothorax
Circulation
Cardiac arrest

Recommended course of action following “ABCDE” protocol
Immediate transfer (to an appropriate medical facility); provide secure
airway before transfer if possible
Administer epinephrine injection intramuscularly; immediate transfer
Start CPR; immediate transfer
Start CPR; immediate transfer
Decompress pneumothorax with large-bore needle in second intercostal
space on affected side; chest tube if possible, immediate transfer

Start CPR; defibrillation with AED (Automatic External Defibrillator);
immediate transfer
Severe dehydration
Administer fluids; immediate transfer
Internal organ injury (ruptured spleen, Administer fluids intravenously; immediate transfer; NPO (Nothing Per
liver laceration, fractured kidney)
Oral); may require surgery
Administer fluids intravenously; immediate transfer; NPO; may require
Hidden (internal) bleeding
(retroperitoneal bleeding, third space surgery
bleeding, pelvic or long-bone
fractures)
Severe bleeding
Control bleeding; administer fluids; immediate transfer
Myocardial infarction
Administer aspirin; immediate transfer
Disability
Suspected cervical spine injury
Cervical spine immobilization; immediate transfer on spinal board; may
require neurosurgical or orthopedic consultation
Any suspected spine injury
Cervical spine immobilization; immediate transfer on spinal board; may
require neurosurgical or orthopedic consultation
Loss of consciousness, declining level Cervical spine immobilization; immediate transfer on spinal board; may
of consciousness
require CT scan
Confusion, neurological symptoms,
Urgent transfer; may require CT scan
worsening headache
Fractures involving skull, pelvis, long Splint the injured extremity; administer fluids if necessary; immediate
bones
transfer; NPO; will likely require specialist consultation
Open fracture
Splint the injured extremity with a sterile dressing over the wound;
administer fluids if necessary; immediate transfer; NPO; likely requires
orthopedic consultation; needs antibiotic coverage
Dislocations
Splint/support the injured extremity; immediate transfer if dislocated; urgent
(as soon as possible) transfer if reduced; may require orthopedic
consultation
Possible fracture or multiple ligament Splint/support the injured extremity; urgent transfer may require orthopedic
injury
consultation
Neurovascular injury in the
Reduce fracture or dislocation; splint/support the injured extremity; urgent
extremities
transfer; NPO; may require surgical or orthopedic consultation
Acute compartment syndrome (in an Splint/support the injured extremity; urgent transfer; NPO; may require
extremity)
orthopedic consultation
Environment/exposure
Heat illness
Cool patient (water, ice bags); administer fluids; remove excess clothing;
immediate transfer
Hypothermia
Warm patient (blankets, dry clothes, use body head if necessary); remove
wet clothing immediate transfer; avoid rapid rewarming if severe
hypothermia
Other emergency problems
Hypoglycemia/diabetic insulin shock Administer glucose by mouth or intravenously; immediate transfer may
require glucagon injection intramuscularly
Hyponatremia
Fluid-restrict athlete; transfer immediately to obtain labs for sodium level
and possible hypertonic saline solution
(continued)
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Table 16.2 (continued)
Problem
Seizure

Dental injury
Eye injury

16.8

Recommended course of action following “ABCDE” protocol
Logroll patient on side of avoid aspiration; immediate transfer, administer
benzodiazepine rectally or intravenously (if prolonged seizure of more than
30 min)
Urgent transfer for dental consultation; place any loose teeth or fragments in
an appropriate transport medium
Apply eye shield for protection; avoid increasing intraocular pressure;
immediate transfer; may require ophthalmology consultation

First Aid

The team physician should be expert at not only
identifying life- or limb-threatening injuries and
stabilizing the patient but also administering first
aid. The physician should be able to intervene to
the minor problems and return the athlete to the
competition. In light of this information, the physician should be aware of his/her limitations and
be able to decide when to transfer the athlete to a
medical center for appropriate investigation and
further medical care (Table 16.2).
Skills that are useful on the sidelines include
suturing and wound care; taping and splinting
joints; applying pressure bandages; applying
protective devices such as eye shields and protective padding; and maneuvers such as application
of ice and heat, stretching the athlete, and simple
massage. It is also useful to comprehend the roles
and skills of the other medical team members in
order to coordinate them and lead care of the athletes appropriately [7].

16.9

Suturing and Wound Care

The physician should be expert at sterile suture
techniques in order to repair simple lacerations
because basketball is a game prone to accidents,
which precipitate to open wounds. Repairing the
laceration requires antiseptic or other cleansing
solution, local anesthetic, suture materials, a
needle driver, scissors, forceps, and gauze. Sterile
adhesive strips or surgical glue can be used to
repair small or superficial wounds.
In order to keep the player at the field, the best
way to stop bleeding from teeth and lips, and if it

Fig. 16.8 Taping of the ankle

is not severe, is making pressure on it with gauze,
with this choice team doctor could postpone
suturing process to the end of the game.

16.10 Athletic Taping
In order to manage and protect soft-tissue and
joint injuries, physician should be experienced at
basic athletic taping and splinting. Taping can be
made of choice in the event of mild sprains, particularly of the ankle, wrist, and fingers, as well
as in cases of patellofemoral pain and various
foot problems (Fig. 16.8).

16.11 Splinting and Protection
In some cases, rapid immobilization of bone or
joint with splint is required . Physician should
immobilize the joint distally and proximally by
centering the area of injury to prevent movement
and then apply the splint.
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16.12 Reducing Dislocations
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should be decided on an individual basis. A dislocation injury usually comes up with ligament
Joint dislocations usually arise from a high- injury and sometimes fractures, and because of
impact trauma. Usually, physician can reduce the this, further evaluation should always be considdislocation at the field side before pain, muscle ered, even if the athlete is allowed to return to
spasm, and swelling become too significant. the game.
However, attention should be paid to the dislocations because they can have associated neurovascular injuries and require emergency evaluation. 16.13 Special Issues
Soft-tissue imposition in the joint or by fracture
can make the reduction more complex, especially Muscle spasms are one of the worst situations,
in skeletally immature athletes. That is why, there which an athlete can be faced during game. In
are limited opportunity to make reduction this case for example at gastrocnemius and hamattempts if success is not achieved initially. The string muscles, fine needling with acupuncture
physician should be expert at joint reduction needles to the contacted muscle will relax the
techniques before attempting these maneuvers. muscle and resolve the spasm of the muscle
The most common joint that dislocates is and quickly and allows the athlete return to play [8].
more than 90% of shoulder dislocations are anteFinally, meeting with athletes before travel
rior. Hip dislocation is an emergency because it and competition can make the physician familiar
can also impair the surrounding vascular struc- with athletes and their medical situations, and
ture and can lead to avascular necrosis of the this helps the physician to build a connection
femoral head. Hip fracture usually accompanies with the athletes and foresee any possible special
(concomitance) fracture of the acetabulum and/or needs or medications. A conscientious, well-
femoral head and usually entails heavy sedation prepared team physician can provide a healthy
or general anesthesia for reduction at an appro- environment, which may increase the confidence
priate facility.
of the athletes in their performances and prepared
A knee dislocation may be reduced on the for the worst-case scenarios if they occur [8].
field but still because of the possible surrounding
neurovascular injury, it needs further evaluation.
The patella dislocation usually occurs by a lateral References
shift of the patella, leaving the trochlea groove of
the femoral condyle, often can be reduced on the
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or osteochondral injury or not.
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17.1

Introduction

The American Heart Association (AHA) published updated cardiopulmonary resuscitation
(CPR) guidelines for life support strategy and
emergency cardiovascular care in 2015, including revisions on systems of care out of the hospital, in the hospital, and in post-resuscitation
settings. The current guidelines emphasize the
importance of continuing rescuer education on
improving CPR techniques. During the past
decade, CPR techniques have been organized as
out-of-hospital cardiac arrest (OHCA) and in-
hospital cardiac arrest (IHCA), and also management strategies based on basic life support
(BLS), advanced cardiovascular life support
(ALS), and post-resuscitation stabilization care.
An optimal and successful CPR strategy requires
several main elements, including an emergency
event plan, a dedicated team appropriately educated for resuscitation, and early organization
for both emergency medical service and equipment, including an automated external
defibrillator.
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17.2

Definition

Sudden cardiac death (SDS) is natural death from
any cardiovascular or relevant ancillary causes,
heralded by abrupt loss of consciousness within
1 h of the onset of an acute change in cardiovascular status [1, 2]. The one-hour definition is important to satisfy clinical, scientific, legal, and social
considerations, and defines the interval between
the onset of symptoms signaling cardiorespiratory
arrest (CA) and the onset of the CA itself.
Cardiopulmonary resuscitation associated with
CA was defined, approximately 50 years ago, as
the administration of breath ventilation via mouth
and closed mechanical chest cardiac compressions in pulseless patients. Since then, CPR and
management strategies for cardiovascular life
support have significantly advanced. Presently,
the main CPR program is described as BLS and
further as in-hospital CPR that includes an experienced team, invasive procedures, and facilities,
termed adult ALS and pediatric ALS [3].

17.3

Epidemiology

It is not easy to interpret epidemiological studies
of SCD because there are differences in definition and difficulties in accessing real data determined as pathophysiological mechanisms and in
making decisions based on population and
individual risks [4]. Also, as in-hospital and
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out-of-
hospital epidemiology, the process of
care, and treatments have substantial differences
between chronic disease evolution and transient
events, different forms of epidemiological modeling are needed.
Utstein Collaborators identified 584 citations originating from 50 countries and classified as research articles to analyze OHCA and
IHCA [5]. They showed that one third of the
citations focused on epidemiology and outcome, including 22% (n = 126) for OHCA and
7% (n = 41) for IHCA. In many studies, OHCA
evaluations and recently published data verified
that despite the substantial management strategy each aspect has many differences regarding
inclusion criteria, definition, code system, and
process element [6]. The survival statistics for
OHCA remain disappointing, with an estimated
10% overall survival rate [7]. Among the subgroup of 70% of OHCA that occur in the home,
survival is 6%.
It is very difficult to estimate the absolute
incidence of SCD throughout the world.
According to statistics and the United States
database, the estimated sudden death incidence
in the overall adult population is 0.1–0.2%/year,
accounting for approximately 300,000 SCD/
year [8]. A better risk analysis of the common
population for SCD identifies a high-risk group:
thus, the incidence increases, accompanied by a
progressive decrease in the total number of
events [9]. Successful interventions in larger
population subgroups require identification of
specific markers to increase our ability to identify patients who are at particularly high risk for
a future event. More than half of all SCDs
resulting from coronary heart disease are first
clinical events [10], and another 20–30% occur
among subgroups of patients with known coronary heart disease profiled at relatively low risk
for SCD on the basis of current clinically available markers. Sudden cardiac arrest (SCA) and
its most common consequence, SCD, constitute
major public health problems, accounting for
approximately 50% of all cardiovascular deaths
[11], with at least 25% being the first symptomatic cardiac events.

17.4

 he Risk of Sudden Cardiac
T
Death and Screening

Disturbances and disorders associated with SCD
of athletes and the general population include
mainly coronary artery diseases (congenital and
acquired), hypertrophic cardiomyopathy, arrhythmia (the principal event is ventricular fibrillation), cardiomyopathies, cardiac arrest, heart
attack, valvulopathies, myocarditis, pulmonary
embolism, stroke, hyponatremic encephalopathy,
hyperthermia, rhabdomyolysis, respiratory failure, and pulseless electrical activity, respectively
[12]. Multivariate analyses of selected risk factors (e.g., age, diabetes mellitus, systolic blood
pressure, heart rate, electrocardiographic abnormalities, vital capacity, relative weight, cigarette
consumption, and serum cholesterol level) have
determined that about 50% of all SCDs occur
among the 10% of the population in the highest
risk decile on the basis of multiple risk factors
[13]. Approximately 50% of cardiac arrests occur
in individuals without known heart disease, but
most suffer from concealed ischemic heart disease [14]. The ratio of coronary disease within
the conventional risk factors provides the structural basis for 80% of SCDs in the United States,
so that the identification of specific clinical markers of risk for SCD as a specific expression of
both coronary heart disease and other cardiovascular disorders has been a goal for many years.
Pathological and autopsy studies in SCD victims
report epidemiological and clinical observations
that coronary atherosclerosis is the major predisposing cause. All other causes of SCD collectively account for no more than 15–20% of cases,
but they have provided a large base of enlightening pathological data [9] (Table 17.1).
Familial patterns of SCA risk resulting from
genetic variations are very important factors for
risk scaling. The various genetic associations can
be evaluated in four categories [9] (Table 17.2):
inherited uncommon primary arrhythmic syndromes, inherited uncommon structural heart disease associated with SCD risk, acquired or
induced arrhythmia risk, and common acquired
heart disease associated with SCD risk.
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Screening the general population for the risk
of SCD is of great importance for saving lives,
especially in the high-risk group. Careful evaluation for electrocardiographic (ECG) and echocardiographic signs of inheritable arrhythmogenic
diseases seems to be an important part of clinical
practice and can contribute to the early identificaTable 17.1 Risk factors and causes in sudden cardiac
death
Coronary artery diseases: Atherosclerosis, congenital
abnormalities, embolism, inflammatory diseases,
mechanical obstruction, spasm.
Myocardial hypertrophy: Hypertrophic
cardiomyopathy, hypertrophy with pulmonary
hypertension/systemic arterial hypertension or valvular
heart disease.
Myocardial diseases or heart failure: Congestive heart
failure, cardiomyopathy (ischemic, valvular, idiopathic
dilated, alcoholic, hypertensive, peripartum mechanical
complications), myocarditis.
Cardiac valvular diseases
Inflammatory, infiltrative, neoplastic, and degenerative
myocardial pathologies
Congenital heart disease: Aortic or pulmonic valve
stenosis, septal defects with severe pulmonary
hypertension, Fallot pathologies; after corrective
surgery for congenital heart disease.
Electrophysiological abnormalities: Conducting system
abnormalities (i.e., fibrotic/calcific, Lenegre’s disease,
Lev disease, Wolff–Parkinson–White syndrome), QT
interval abnormalities, Brugada syndrome, ventricular
tachycardia, ventricular fibrillation, supraventricular
arrhythmia associated with the AV accessory pathway,
catecholaminergic malign arrhythmias, genetic
disorders of electrical function/conduction system.
Other occasional causes: Commotio cordis,
tamponade, severe unusual physical activity, pulmonary
embolism, massive thrombosis, aortic dissection,
poisoning, drug overdoses.
Table 17.2 Genetic contributors to sudden cardiac death
risk
Primary arrhythmia disorders: Genetic long-QT
syndrome, short-QT syndrome, Brugada syndrome,
catecholaminergic ventricular tachycardia/fibrillation,
genetic electrolyte and metabolic arrhythmogenic
effects.
Structural cardiac abnormalities: Inherited
cardiomyopathies (i.e., hypertrophic, dilated,
restrictive), right ventricular dysplasia, genetic
predisposition to acquired coronary artery diseases and/
or congestive heart failure.
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tion of patients at risk for SCD. Although the
existing consensus among experts in Europe and
the United States supports pre-participation ECG
screening systems in athletes [15], recently a
study from Israel reported no change in incidence
rates of SCD in competitive athletes following
implementation of pre-participation ECG screening programs [16]. In reference to the higher risk
of arrhythmias and the worsening of structural or
genetic diseases in individuals exposed to intense
physical exercise [17], existing recommendations
for pre-participation screening in athletes support
the consensus that clinical evaluation, personal or
family history taking, and a baseline ECG should
be performed in this population in Europe.
Although there is no strong consensus concerning the benefit of a prescreening program in
the common population, screening family members of sudden death victims is strongly recommended for saving other lives. Inheritable
arrhythmogenic disorders (especially channelopathies, cardiomyopathies, familial hypercholesterolemia) can be diagnosed in up to 50% of
families with a sudden arrhythmic death victim
[18]. In such an event, the first-degree relatives of
the victim should be informed of the potential
risk of similar events for themselves and should
undergo cardiac evaluation [19] (Table 17.3).
Table 17.3 Diagnostic workup for the family of SCD
victims
Consultation with
expert
Family member’s
history/physical
examination

Available investigation tests
• Baseline 12-lead ECG/
signal-averaged ECG
• 24 or 48 h rhythm Holter
monitorization
• Cardiac stress test
• Provocative test with ajmaline/
flecainide to evaluate Brugada
syndrome
• Echocardiography, cardiac
CT/MR for cardiovascular
imaging
• Genetic molecular testing and
counselling if needed
• Study of genetic mutations
related to malign arrhythmias

SCD sudden cardiac death, ECG electrocardiogram, CT
computed tomography, MR magnetic resonance
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In patients with documented or suspected ventricular arrhythmias who have survived the threat
of sudden death, screening must be done very
carefully in terms of clinical history, with noninvasive and invasive evaluations. In patients with
documented or suspected ventricular arrhythmias
who have survived following the sudden death.
Symptoms such as chest discomfort, chest pain,
dyspnea, and fatigue, may also be related to
underlying structural heart diseases and should
not be missed. A family history of SCD and drugs
used must be questioned, and a positive family
history of SCD is one of the strong independent
predictors of susceptibility to ventricular arrhythmias and SCD [20].
Noninvasive tests are applicable and have
revealed many inherited and acquired cardiac
disorders associated with SCD. A standard ECG
may reveal channelopathies (QT syndromes,
Brugada syndrome, predictors of ventricular
arrhythmias), conduction blocks, and ischemic
heart disease, cardiomyopathies, and repolarization abnormalities. Late potentials in the
signal:noise ratio of a surface ECG indicate
regions of abnormal myocardium with slow
conduction, a substrate abnormality that may
allow for reentrant ventricular tachyarrhythmias
to
be
detected
by
signal-averaged
ECG. Continuous rhythm Holter recording is
appropriate to seek for arrhythmia or intermittent electrical conduction disorders. Implantable
devices/loop recorders placed subcutaneously
continuously monitor the heart rhythm and
record events over a timeframe measured in
months to years, and these can record patient
activation and catch rare short arrhythmia
attacks. The treadmill exercise ECG test is most
commonly applied to detect silent ischemia in
adult patients with arrhythmia. Exerciseinduced ventricular arrhythmias may be a sign
of coronary ischemia, but unsustained ventricular tachycardia can be recorded in 4% of asymptomatic adults and is not associated with an
increased risk of total mortality [4]. Adrenergicdependent rhythm disturbances (e.g., ventricular tachycardia) may be triggered by exercise
testing because of sympathetic system activation, so that it is useful for diagnostic purposes
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and evaluating response to therapy. Transthoracic
echocardiography is the most commonly used
bedside imaging technique; it is readily available and provides accurate diagnosis of myocardial, valvular, and congenital heart disorders
associated with SCD [21]. Besides the evaluation of left and right ventricular structures and
function, it is indicated in the workup of the
patient’s risk for SCD relevant to dilated or
hypertrophic cardiomyopathies, right ventricular dysplasia or cardiomyopathies, and ischemic
left ventricular wall motion abnormalities.
Cardiac and vascular computed tomography
(CT) imaging may help in the diagnosis of coronary artery disease and vascular and coronary
anomalous cardiac and aortic functions. In some
cases, silent myocardial ischemia and microvascular coronary disease cannot be detected by
using CT, which is more sensitive for the evaluation of epicardial coronary arteries, and these
clinical entities can be revealed by using myocardial perfusion single-
photon emission CT
(SPECT). Recent advances in magnetic resonance (MR) technology provide excellent image
resolution to assess cardiac function and all
structures of the heart and vasculatures, allowing for certain quantification of chamber volumes, and ventricular functions, mass, and
thickness, particularly to evaluate right ventricular dysplasia and restrictions. Invasive coronary angiography is an important diagnostic
technique to diagnose coronary artery disease,
vascular abnormalities, hemodynamic measurements, and functional coronary flow abnormalities (e.g., coronary spasm, coronary bridge,
slow flow phenomenon, coronary shunts, fistulas, prinzmetal-type coronary spasm) in patients
with malign ventricular arrhythmia or in survivors of SCD. In cases with electrical conduction
abnormalities, reentrant triggered atrio/ventricular arrhythmia, all imaging techniques may
represent normal cardiovascular structures and
functions, and in such cases an invasive electrophysiological study can be performed to document the inducibility of arrhythmia and
conduction abnormalities and to assess the

risks of SCD. Also, electrophysiological study
can be used to determine prognosis and to pro-

17 Cardiopulmonary Resuscitation and Cardiorespiratory Arrest in Basketball: Guidelines

vide a therapeutic guide for patients with
cardiomyopathies and inherited primary

arrhythmia syndromes. In patients with syncope, which creates a risk for SCD, structural
and vascular heart disease, ventricular dysfunction, and malign arrhythmias should be evaluated by using imaging techniques, ECG, Holter
monitoring, and sometimes electrophysiologi-
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cal studies. In the study published by
Middlekauff et al., high recurrence and death
rates were observed in syncope patients with
heart disease and systolic dysfunction even if
the electrophysiological study results were negative [22]. The recommended diagnostic workflow for patients who have survived an aborted
cardiac arrest is illustrated in Fig. 17.1 [19].

Patient history
-Angina, dyspnea, angina equivalent symptom, presyncope
-SCD and/or early MI in the family
-Check the transient causes: drug overdose, poisoning, trauma, accident, asphyxia,
electrolytes, other debilitating chronic disease i.e.

SCD survived patient
-12 lead ECG
-Echocardiography
-Further assessments: Myocardial stress tests,
rhythm Holter recording, signal average ECG,
Electrophysiological study, cardiac CT/MR,
conventional catheter and coronary angiography

-Structural/Congenital heart disease
-Cardiomyopathies
-Malign arrhythmia
-Arrhythmogenic ventricular dysplasia
-Channelopathies
-Unexplained SCD survived patient without
heart disease

SCD victims
-Autopsy/pathology
-Molecular and genetic study
-Blood samples and organ
biopsies
-Familial consultation and risk
analysis for SCD

-Reverse transient causes
-Ischaemic heart disease: anti-ischaemic
therapy and coronary angiography/
interventional procedures

-Assess the risk of secondary SCD
-Treatment of underlying heart disease
• Medical therapy
• Interventional therapy
• Ablation therapy
• Consider lCD for secondary prevention
• Operation

Fig. 17.1 Diagnostic workup in patients with sustained
ventricular tachycardia and ventricular fibrillation. SCD
sudden cardiac death, MI myocardial infarction, CT com-

puted tomography, MR magnetic resonance, ICD intracardiac defibrillator
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17.5

Consensus Template of CPR

feasibility versus desirability of data elements. In
2010 the Consolidated Standards of Reporting
Advances in resuscitation science, new insights Trials Statement [24] was designed to assist in
into important predictors of outcome from reporting research by use of a checklist and flow
OHCA, and lessons learned from methodological diagram, which facilitates reporting of bystander-
research prompted this review and update of the witnessed, shockable rhythm as a measure of
2004 Utstein guidelines [19]. Representatives of EMS system efficacy and all EMS-treated arrests
the International Liaison Committee on as a measure of system effectiveness. The
Resuscitation (ILCOR) developed an updated American Heart Association published the “2015
Utstein reporting framework iteratively during AHA Guidelines Update for Cardiopulmonary
2012 through 2014. The original Utstein recom- Resuscitation and Emergency Cardiovascular
mendations focused efforts to report on patients Care” including recommendations for adult BLS
with a nonemergency medical services (non- and CPR quality [25]. That guidelines update
EMS)-witnessed cardiac arrest of presumed car- was based on the “2015 International Consensus
diac cause, with ventricular fibrillation at the on
Cardiopulmonary
Resuscitation
and
point of first rhythm analysis. The Utstein 2004 Emergency Cardiovascular Care Science with
revision broadened this focus to include all EMS- Treatment Recommendations” (CoSTR) develtreated [6] cardiac arrests irrespective of first oped by the ILCOR [3]. ILCOR is now transimonitored rhythm and whether the arrests were tioning to a process of continuous evidence
witnessed. In 2004, major changes related to the evaluation, with the intent to issue updated sysdefinition of cardiac arrest (transition from pres- tematic reviews and CoSTR statements when
ence/absence of a carotid pulse to signs of circu- prompted by the publication of new evidence.
lation), inclusion of defibrillation attempts by The first topics selected by ILCOR as part of the
bystanders, and extension of the template to continuous evidence evaluation process are
include reporting of IHCA in both adults and related to BLS, including dispatch-assisted CPR,
children were covered in the same template. In the use of continuous versus interrupted chest
2013, the ILCOR proposed a group form to compressions by EMS providers, and the use of
review and, if necessary, update the Utstein tem- chest compression-only (hands-only) CPR verplates for cardiac arrest. A group of studies sus CPR using chest compressions with ventilashowed that several core elements have consis- tion in both in-hospital and out-of-hospital
tently been associated with survival to hospital settings [26]. In 2017 the experts considered and
discharge: witnessed arrest (by a bystander or based the CoSTR summary and the ILCOR conEMS); bystander CPR; shorter EMS response sensus recommendations in light of the structure
interval; first shockable rhythm; and return of and resources of the out-of-hospital and in-
spontaneous circulation in the field [23]. It is hospital resuscitation systems that used AHA
important to recognize of the importance of addi- guidelines, to plan BLS. Given the advances in
tional factors associated with the likelihood of understanding of the prognostic determinants of
survival after OHCA, such as public access defi- survival in OHCA, the need to revisit and update
brillation, dispatcher-assisted CPR, the quality of the 2004 guidelines was evident [27]. According
CPR, post-resuscitation care, variability in “not to Utstein consensus, the elements for OHCA
for resuscitation” order policies and procedures, were grouped into five domains: system, disand accurate prognostication [5]. Implementation, patcher, patients, process, and outcome, and each
update, and simplification of the ILCOR Utstein domain contained core and supplemental eletemplates for cardiac arrest resuscitation audit, ments [5].
registry, and research have been improved since
The system description defines the character1990. Still, progress moves on to overcome chal- istics of the population served and the structure
lenges and stay in the forefront of future imple- of the EMS response. The description includes
mentation, particularly in the balance of the number of cases of cardiac arrest attended by
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EMS (assessment made by EMS or a bystander),
the number of cases for which resuscitation was
attempted by EMS, and the reasons why resuscitation was not attempted. A resuscitation attempt
is defined as the act of trying to maintain or
restore life by establishing and/or maintaining
breathing and circulation through CPR, defibrillation, and other related emergency care.
Dispatcher-identified cardiac arrest and
dispatcher-assisted CPR have been included as
core elements to reflect the impact these processes can have on patient outcome [28]. The
system description provides the opportunity to
describe operation of the local EMS dispatch.
The dispatcher identifies the presence of cardiac
arrest before the arrival of EMS and provides
telephone CPR instructions to the caller as soon
as possible.
Patient variables include patient demographics, comorbidities, pathogenesis, initial presentation, and bystander response. The location of the
arrest and whether it was witnessed should be
recorded, and cardiac and noncardiac causes of
SCD should be separated. Despite all the
advances in EMS, CPR studies, and technologies, the separation into cardiac and noncardiac
causes is not easy and has proved to be subjective, with some communities reporting the percentage of noncardiac causes of all arrests as only
a few percent and others up to 40% [29]. The primary reporting by systems should state the outcomes of all EMS-treated cardiac arrests and
those that are bystander witnessed and for which
the first monitored rhythm is shockable.
Regarding this report, EMS-treated cardiac
arrests and the monitored first rhythm represent
system effectiveness and efficacy, respectively.
Pathogenesis of the SCD should be categorized
under the following headings, which also recognize the importance of backward compatibility
with existing definitions [5]: medical (presumed
cardiac or unknown, other medical causes); traumatic cause; drug overdose; drowning; electrocution; or external asphyxia. If the case has more
than one cause of SCD, which is possible (e.g.,
ventricular fibrillation arrest leading to a fall
from a height), the most likely primary cause
should be cited.
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The first monitored rhythm is the rhythm
recorded at the time of first analysis of the monitor or defibrillator after a cardiac arrest. If the
automated external defibrillator (AED) does not
have a rhythm display, it may be possible to
determine the first monitored rhythm from a data
storage card, hard drive, or other device used by
the AED to record data. If the AED has no data-
recording device, the first monitored rhythm
should be classified simply as shockable or nonshockable. Bradycardia has been retained as an
option to enable appropriate reporting when chest
compressions are provided for severe bradycardia with pulses and poor perfusion. When CPR is
started because of the absence of signs of circulation despite electrocardiographic evidence of
electrical activity (i.e., pulseless electrical activity), it should be recorded as pulseless electrical
activity even if the electrocardiographic rhythm
is slow. Asystole is defined by a period of at least
6 s without any electrical activity greater than
0.2 mV. In such cases bystander responses are
critical to patient outcomes, and all systems
should capture the number of cases in which
bystander resuscitation is started (chest compressions or standard CPR), whether an AED is
deployed, and whether it delivered a shock [5].
The EMS response time and time to first shock
are stated in process elements as to whether targeted temperature management was used and
whether coronary reperfusion was attempted.
Prehospital OHCA process elements include
response time to emergency call, defibrillation,
time, delivery of any medication and the first
time a drug was given, airway control, measuring
CPR quality, the number of shocks delivered, and
whether a mechanical CPR device used, or if targeted oxygenation/ventilation was achieved, and
if coronary reperfusion was attempted.
Finally, survival outcome documentation
should be recorded: survival event defined as
the return of spontaneous circulation sustained
until arrival at the emergency department and
transfer of care to medical staff at the receiving
hospital. The return of spontaneous circulation
is defined according to a clinical assessment
that shows signs of life comprising a palpable
pulse or a measurable blood pressure; however,
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assisted 
circulation including extracorporeal
life support, ventricular assist devices, or
mechanical CPR should not be considered to be
the return of spontaneous circulation until
patient’s own self-
generated circulation is
established [5].
In SCD, patients who survive either to 30 days
or to hospital discharge, and also 12-month survival rates, should be recorded to facilitate the
collection of information and statistics, which
are important to build the healthcare system and
facilities. Together with these rates, neurological
outcome may be reported using the Cerebral
Performance Category [30], modified Rankin
Scale (mRS) [31], or equivalent pediatric tools.
The Cerebral Performance Category is a 5-point
scale ranging from 1 (good cerebral performance) to 5 (dead). The mRS is a 7-point scale
ranging from 0 (no symptoms) to 6 (dead). We
define survival with favorable neurological outcome as a CPC 1 or 2 or mRS 0 to 3, or no
change in Cerebral Performance Category or
mRS, from the patient’s baseline status.
Neurological outcome is very important to evaluate reported outcomes, health-related quality of
life, and all stages of CPR quality, so that the
outcomes can be used to provide better CPR
strategies.

17.6

I-Basic Life Support (BLS)

During the past decade, recommendations for
adult BLS have been classified as unchanged and
updated (may be updated in wording, class, level
of evidence, or any combination of these). The
Training Network has also clarified the descriptions of lay rescuers as untrained, trained in chest
compression-only CPR, or trained in CPR using
chest compressions and ventilation (from ACC/
AHA 2015).
BLS includes a series of stages comprising
early recognition of SCA, activation of the
EMS, early CPR, and rapid defibrillation with
an AED. Initial recognition and response to
heart attack and stroke are also considered a part
of BLS. In 2015 AHA guidelines updated the
recommendations for adult BLS guidelines for

lay rescuers and healthcare providers (Fig. 17.2).
Untrained lay rescuers are encouraged to take
certain steps: ensure scene safety, check for
response, shout to or phone someone, check for
no breathing or only gasping, and follow the
dispatcher’s instructions. However, trained lay
rescuers may check for no breathing or only
gasping, and if none, begin CPR with compressions without the dispatcher’s instructions. In
the hospital setting, a healthcare provider will
activate a resuscitation team as soon as the
check for response and adequate breathing and
pulse is done, then immediately retrieve AED
and emergency equipment, begin CPR, and defibrillate (if shockable rhythm confirmed on the
monitor), and provide two-person CPR as help
arrives.

17.6.1 Early Recognition
and Activation
of the Emergency Response
System
The AHA guidelines define the laypersons and
healthcare providers for the recognition and management of SCD regarding emergency response
activation, especially highlighting dispatcher-
guided CPR for laypersons in treating
OHCA. Following first contact with an unresponsive adult victim, bystanders (lay responders)
should immediately call the local emergency
number to initiate a response. Healthcare providers should call for nearby help and continue to
assess for breathing and pulse simultaneously
before fully activating the emergency response
system. The pulse should be checked from a
larger artery (e.g., the carotid or femoral artery).
The elapsed time for the pulse check should be
less than 10 s, because the most important step,
chest compression, must begin immediately. In
this chaos, one should be aware of discriminating
normal breathing and occasional gasps when respiration is monitored. In OHCA, erroneous information about respiration can result in failure by
dispatchers to identify potential cardiac arrest
and failure to instruct bystanders to initiate CPR
immediately.
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-Verify scene safety.
-Victim is unresponsive.
Shout for nearby help,
Activate EMS, Get AED and
emergency equipment.

Monitor until
emergency
responders arrive.

Normal
breathing,
has pulse

-No breathing or only
gasping and check pulse
(simultaneously). Is pulse
definitely felt within 10 sec?

No Normal
breathing,
has pulse

No breathing or
only gasping,
no pulse

Provide rescue breathing:
1 breath every 5-6 sec, or 10-12 breaths/min.
• Activate EMS after 2 min
• Continue rescue breathing; check pulse
every 2 min. If no pulse, begin CPR. If
possible opioid overdose, administer
naloxone if available per protocol.

By this time in all scenarios, EMS /backup is
activated, and AED and emergency equipment
and someone are retrieved.

CPR
-Begin cycles of 30 compression
and 2 breaths. Use AED as soon as
it is available.
-AED arrives
-Check rhythm. Shockable rhythm?

Give 1 shock. Resume CPR
immediately for 2 min(until
AED to allow rhythm check).
Continue until ALS providers
take over or victim starts to
move

Yes,
shockable

No,
nonshockable

Resume CPR immediately for
2 min(until AED to allow
rhythm check). Continue until
ALS providers take over or
victim starts to move.

Fig. 17.2 BLS algorithm for adult cardiac arrest. AED
automated external defibrillator, BLS basic life support,
CPR cardiopulmonary resuscitation, EMS emergency

medical service. (Modified from 2015 American Heart
Association Guidelines)

17.6.2 Early Cardiopulmonary
Resuscitation

BLS care, it is reasonable for appropriately
trained BLS healthcare providers to administer
intramuscular or intranasal naloxone (Class IIa,
Evidence-C). In the event of absent pulse, with
no breathing or only gasping, the provider should
initiate CPR and use an AED as soon as possible,
and the emergency response system is activated
immediately and a defibrillator and emergency
equipment are retrieved. In such cases of pulseless collapse, a blow to the chest, the “thump version,” may be attempted by a properly trained
rescuer or healthcare provider. The thump version technique utilizes one to two blows delivered firmly to the junction of the mid- to lower
thirds of the sternum perpendicularly to the chest
from a height of 20–25 cm. The thump version
should be stopped if the patient does not

In cases with pulse present and normal breathing,
the patient is closely monitored and the emergency response system activated as indicated by
location and patient condition. If the case presents with pulse and no normal breathing, however, the Food and Drug Administration approves
of the use of a naloxone autoinjector by lay rescuers and healthcare providers for patients with
suspected opioid-associated cardiopulmonary
arrest [32]. In 2015 AHA guidelines recommended for a patient with known or suspected
opioid overdose who has a definite pulse but no
normal breathing or only gasping (i.e., a respiratory arrest), in addition to providing standard
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immediately respond with a spontaneous pulse
and begin breathing.
By the way, as the main component of the
CPR, chest compressions should not be deferred
immediately after the pulse is checked. The key
components of chest compression include depth,
rate, and degree of recoil. Compressing the chest,
the palms of the hands are overlapped and placed
longitudinally on the lower half of the sternum.
The sternum is depressed at least 5 cm at a rate of
100–120 compressions per minute. Depressing
the sternum more than 6 cm is not recommended
because of the high risk of thoracic injury with
deep depression depth (Fig. 17.3). Each compression needs enough time for the return of complete
chest recoil, to allow for venous return and blood
flow. Incomplete recoil could increase intrathoracic pressure and reduce venous return, coronary perfusion pressure, and myocardial blood
flow. The early CPR is initiated with one or two
rescuers, and ideally should be 30 compressions
to two breaths in each cycle of CPR [33].
According to new guidelines, the old sequence
of CPR steps ABCD (airway, breathing, circulation, and defibrillation) has been modified to
CAB (compression, airway, breathing). When
CPR begins, minimizing interruptions in chest
compressions remains a point of emphasis in that
shorter as compared to longer interruptions in
chest compressions influence physiological or
clinical outcomes. Airway maneuvers should
occur quickly, efficiently, and minimize interruptions in chest compressions. Opening the airway
can be achieved by using the well-known head

Fig. 17.3 Chest compression. The hands are placed on
the lower half of the sternum

S. Dagdelen

Fig. 17.4 The head tilt–jaw thrust maneuver. Displace
the mandible forward, tilt the head backward, provide patent airway, and place an airway device

tilt–chin lift maneuver if no evidence of head or
neck trauma is present (Fig. 17.4).
After the head is properly placed and the oropharynx cleared, if no airway rescue equipment
is available a mouth-to-mouth ventilation effort
can be initiated. Various devices may be available
at the event scene, including plastic airways,
esophageal obturators, the bag-mask device, and
endotracheal tubes, and without time delay a
trained rescuer inserts the available device
quickly and properly. While awaiting emergency
rescue personnel, until endotracheal intubation
can be carried out, mouth-to-mouth resuscitation
and temporary support with bag-mask ventilation
is the usual method. When the patient’s teeth can
be opened enough, nasal or oral airways can be
inserted to displace the tongue from the posterior
oropharynx to the front. Out-of-hospital studies
have demonstrated that chest compression-alone
CPR is not inferior to traditional compression-
ventilation CPR, yet healthcare providers are still
expected to provide assisted ventilation [33].
During the ventilation, rescuer should take care
to avoid rapid or forceful breaths, which may
reduce preload and cardiac output with excessive
positive-pressure ventilation [34]. In the early
CPR, oxygen concentration is inhaled in maximum level to provide optimally saturated arterial
hemoglobin concentrations. At the beginning,
tidal volumes of approximately 400–600 ml are
given over 1 s and should produce a visible chest
rise, and volume and oxygen saturation readjust
according to arterial oxygen saturation and
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Fig. 17.5 Bag-mask ventilation

v entilation end-tidal CO2 pressure. After arrival
of an advanced airway facility, a respiratory rate
of 10 breaths/min is enough for optimal ventilation because hyperventilation may be detrimental
to neurological recovery [5]. Bag-mask ventilation needs training and skill with practice for
competency (Fig. 17.5). A bag-mask device can
provide positive-pressure ventilation; the healthcare provider should be aware of its potential
complications (i.e., gastric inflation). So long as
the patient does not have an advanced airway in
place, the rescuers should deliver cycles of 30
compressions and two breaths during CPR. When
an advanced airway is in place during CPR, it
might be reasonable for the provider to deliver
one breath every 6 s (10 breaths/min) while continuous chest compressions are being performed.
High-flow oxygen delivery via a mask with an
oropharyngeal airway as part of CPR was
reported to be associated with improved survival
with favorable neurological outcome. The AHA
guideline does not recommend the routine use of
passive ventilation techniques but instead
positive-pressure ventilation during conventional
CPR for adults.
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or pulseless ventricular tachycardia (VT) might
help restore metabolic conditions of the heart
favorable to defibrillation, although some
experts suggest that prolonged VF is energetically detrimental to the ischemic heart, justifying rapid defibrillation attempts regardless of
the duration of arrest. The time from onset of
cardiac arrest to ALS influences clinical outcomes, neurological status, and survival more
effectively in patients defibrillated by first
responders, compared with outcomes associated
with awaiting EMS. The term first responder
refers to the person on scene starting the initial
CPR and more recently has emerged from
trained emergency technicians allowed to carry
out defibrillation in conjunction with basic life
support to laypersons knowledgeable in CPR
with access to AEDs [35]. The current guidelines recommend, for witnessed adult CA, when
an AED (Fig. 17.6) is immediately available that
the defibrillator be used as soon as possible
(Class IIa, Evidence-C). For adults with unmonitored CA or for whom an AED is not immediately available, CPR is initiated while the
defibrillator equipment is being retrieved and
applied. If indicated, the defibrillator is
attempted as soon as the device is ready for use
[25]. An available defibrillator is attached to the
patient with proper positioning of the electrode
pad placement to the right of the upper sternal
border below the clavicle and to the left of the
nipple with the center in the mid-axillary line
(illustrated in Fig. 17.7). According to the type

17.6.3 E
 arly AED Defibrillation
by First Responders
In 2015, ILCOR stated that observational clinical studies and mechanistic studies in animal
models suggest that CPR under conditions of
prolonged untreated ventricular fibrillation (VF)

Fig. 17.6 Automated external defibrillator. The right and
left electrode pads are attached to the right upper sternal
border and left mid-axillary line
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Fig. 17.7 Defibrillation. The defibrillator paddles are
attached to the right of the upper sternal border and to the
left of the nipple with the center in the mid-axillary line

of defibrillator (monophasic or biphasic), the
amount of energy [joules (J)] delivered can
change. Monophasic waveform defibrillators
deliver a unidirectional energy charge, whereas
biphasic waveform defibrillators deliver an inseries bidirectional energy charge. Practical and
clinical consensus has showed that bidirectional
energy delivery, by using less energy than traditional monophasic waveform shocks (120–200 J
vs. 360 J, respectively) is probably more successful in terminating VT and VF, and may
therefore cause less myocardial damage.
Defibrillation should occur immediately when a
VT/VF arrest is recognized; however, failure of
the initial shock to provide an effective rhythm
is a poor prognostic sign. Delayed defibrillation
has slower rates of spontaneous circulation and
survival rates to hospital discharge, and each
additional minute of delay is associated with
worse outcomes [36]. Following failed defibrillation, prompt chest compressions should be
resumed in each CPR cycle.

17.7

I I-Advanced Cardiac Life
Support

The resuscitative sequence is designed to achieve
a stabilization of spontaneous circulation and the
hemodynamic situation [37]. The implementation of advanced life support (ALS) includes
several interventions in addition to basic life
support (BLS) to manage SCA. These interven-

tions are mainly related to airway manipulation,
medication, arrhythmia management, and transition to post-resuscitation care. Most communitybased CPR programs now permit trained
emergency technicians to carry out ALS activities. The general goals of ALS are to convert the
cardiac rhythm to a hemodynamically effective
rhythm, to optimize ventilation, and to maintain
circulation. With initiation of ALS, the patient’s
cardiac rhythm is promptly cardioverted/defibrillated as the first priority if appropriate equipment with AED is immediately available. One
cycle period of closed chest cardiac compression
immediately before defibrillation enhances the
probability of survival, especially if circulation
has been absent for 4 min or longer [38]. Besides
the initial attempt to restore a hemodynamically
effective rhythm, the patient is intubated and
oxygenated, and a temporary pacer is placed in
case of either a severe bradyarrhythmia or asystole. During the EMS effort for SCD survival, a
vein is cannulated to administer emergency medications. The goal of ventilation, mostly required
endotracheal intubation, is to reverse hypoxemia
and to achieve a high alveolar oxygen pressure
for patient ventilation with high oxygen.
Following successful CPR, continuous monitoring of end-tidal CO2 with waveform capnography and arterial O2 saturation will be helpful
during resuscitation and can guide the rescuers
in adequacy of chest compressions [39]. If technically available conditions are provided, central
venous pressure and O2 saturation, and arterial
pressure, pulse, and rhythm are monitored for
further CPR strategy and the optimization of IV
medications (Fig. 17.8).

17.7.1 S
 evere Bradycardia, Asystole,
or Pulseless Electrical Activity
Pulseless cardiac arrest comprises VT, VF,
asystole, and pulseless electrical activity
(PEA). PEA means the heart produces weak
electrical activity by itself without producing
cardiac contraction and blood outflow, which
is named electromechanical dissociation. In
such cases, medical administrations may be

17 Cardiopulmonary Resuscitation and Cardiorespiratory Arrest in Basketball: Guidelines

187

1

Start CPR
-Oxygen
-Attached monitor/defibrillator

Yes

2

No

VF/pVT

3

9

Rhythm shockable

PEA/Asystole

Shock

4

10 CPR 2 min

CPR 2 min
-IV/IO access

Rhythm shockable

-IV/10 Access
-Epinephrine every 3-5 min
-Consider advanced airway,
capnography

No

Yes

Yes

5

Rhythm shockable

Shock

No

6

CPR 2 min
-IV/10 Access
-Epinephrine every 3-5 min
-Consider advanced airway,
capnography
Rhythm shockable

11 CPR 2 min
-Treat reversible causes

No
No

Yes

7

Rhythm shockable

Yes

Shock

8. CPR 2 min
-Amiodarone
-Treat reversible causes

12 If no signs of spontaneous
circulation, go to 10/11 and post
cardiac arrest care

Go to 5/7

Fig. 17.8 Adult life support algorithm. CPR cardiopulmonary resuscitation, IO intraosseous, IV intravenous,
PEA pulseless electrical activity, pVT pulseless ventricu-

lar tachycardia, VF ventricular fibrillation. (Modified
from 2015 AHA Guidelines)

insufficient to maintain hemodynamic stability and resume effective rhythm. Providing
continued chest compressions and ventilation,
intravenous access, obtaining a more definitive airway, and positive inotropic drug therapy should be initiated, and occasionally
temporary pacemaker implantation is needed
(Fig. 17.9).

17.7.2 Ventricular Fibrillation
and Pulseless Ventricular
Tachycardia
When initiating CPR, immediately after rescuer
witness, an AED is placed on the chest to determine rhythm, and if VF/pulseless VT is detected,
a shock is employed (as illustrated in Fig. 17.8,
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Severe Bradycardia,
Asystole or Pulseless
electrical activity

CPR
-Intubation, O2
-IV access, monitorization, ECG

Hypoxia, Hypo/Hyperkalemia,
Acidosis, Drug overdose,
Hypothermia

Check; rhythm, pulse, blood flow
Identify and treat reversible causes,
Continue CPR

Hyperkalemia, Pulmonary
embolus, Hypoxia, Drug
overdose, Hypovolemia,
Acidosis, Massive acute
myocardial infarction,
Hypothermia, Pneumothorax,

PuIse and circulation returned
Persisted asystole/PEA
-Continue CPR
-Atropin 1 mg IV, repeatable
-Epinephrine 1 mg IV, repeatable
-Dopamine 2-10 mcg/kg/min
-NaHC03 1 mEq/kg IV

Pacing: External/temporary wire pace
-maintain pace rhythm and pulse

Post resuscitation care

Fig. 17.9 Advanced life support for patients with
bradyarrhythmic-asystolic arrests and pulseless electrical
activity. PEA pulseless electrical activity, VF ventricular

fibrillation, VT ventricular tachycardia. (Modified from
2015 AHA Guidelines)

step 2). When VF or VT that is pulseless or
accompanied by loss of consciousness is recognized on a monitor or by telemetry, defibrillation
should be carried out immediately, and then CPR
is continued for five cycles or about 2 min, followed by reevaluation of the cardiac rhythm.
An initial shock of 360 J should be delivered
by monophasic devices and of 120–200 J by
biphasic devices. If VF/VT persists after one to
two sets of CPR–defibrillation cycles, intravenously (IV) a vasopressor (i.e., epinephrine
1 mg IV, repeatable every 3–5 min) is administered. Even if VF/VT is restored to an acceptable rhythm, IV bolus administration of
lidocaine or amiodarone may improve the likelihood of restoring and maintaining normal
rhythm [5].

17.7.3 Pharmaceutical Therapy
During CPR, IV access is of paramount importance, without interruption of CPR and defibrillation. In arrested and shock patients, IV
cannulation is not always possible, and the alternative for using drugs may be an intraosseous
catheter or endotracheal tube. When using an
endotracheal tube, the drug dosage is 2–10 times
the recommended IV dose, and it is diluted in
5–10 ml fluid.
Epinephrine, atropine, lidocaine, and amiodarone are among the drugs most commonly used
during CPR. Epinephrine is administered and
followed by repeated defibrillation, and may be
repeated at 3- to 5-min intervals with a defibrillator shock in between; and if needed, vasopressin
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has been suggested as an alternative to epinephrine. Epinephrine, dopamine, and dobutamine
can increase diastolic blood pressure and thereby
restore coronary perfusion pressure. On the other
hand, however, epinephrine and vasopressin also
increase myocardial oxygen consumption by
increasing heart rate and afterload. Amiodarone
prolongs repolarization and refractoriness in all
cardiac conduction systems by affecting the cardiac sodium and potassium channels and α- and
β-receptors. Although amiodarone is one of the
most effective drugs for VF/VT, it can exacerbate
or induce arrhythmias, especially torsades de
pointes, by its proarrhythmic side effect.
Administration of amiodarone in patient with
VF/VT arrest improves survival when compared
with placebo and lidocaine [34]. The usual recommended bolus dose of amiodarone for VF/VT
is 300 mg IV, and the dose may be repeated at
150 mg IV.

17.8

III-Post-Cardiac Arrest
Stabilization Care

Once return of spontaneous circulation is
achieved after resuscitation, patients for both
OHCA and IHCA are admitted to an intensive
care unit and continuously monitored at least
2 days for post-cardiac arrest stabilization care.
Post-cardiac arrest care requires improving cardiopulmonary function and maintaining adequate
organ perfusion. Although the patient can be
managed in the same center, if needed the patient
can be transferred to a larger regional center that
is equipped to manage excellent post-cardiac
arrest care.
If SCD caused in patients with acute myocardial infarction is complicated by VF/VT, the
events are mostly reverted by prompt implementation in the hospital setting. The immediate mortality among patients with hemodynamic or
mechanical dysfunction in the setting of complicated acute myocardial infarction ranges from
59% to 89%, depending on the severity of the
hemodynamic abnormalities and size of the myocardial infarction. In such cases, post-cardiac
arrest management is often difficult and is very
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important for survival of the patient. As soon as
possible, IV amiodarone and anti-ischemic therapy including invasive procedures should be initiated, and not deferred. Immediate and daily
12-lead ECG is recorded, and if acute ST-segment
elevation is noted, the patient should undergo
emergent angiography for primary percutaneous
coronary intervention [40], regardless of neurological status.
Following post-cardiac arrest care, optimal
oxygenation and ventilation by using advanced
airway placement should be provided and monitored in the care unit. Desired arterial O2 saturation and ventilation are aimed at more than 94%
and PaCO2 of 35–40 mmHg, respectively.
Advanced airway placement may be considered
without hyperventilation. Blood pressure should
be kept at or above 90/50 mmHg, especially in
patients with coronary and/or cerebral ischemia,
and if needed, administration of intravenous fluids and vasoactive drugs can be used for this
goal. In the period of post-cardiac arrest care, a
chest radiograph, 12-lead ECG, echocardiogram, serum lactate and serial cardiac enzymes
are obtained. One of the paramount important
steps is neurological recovery and cerebral function at hospital discharge. Following neurological status, cerebral MR and electroencephalogram
can be obtained to evaluate neurological recovery, cognitive functions, and epileptic status.
Hyperthermia is avoided at all times as this can
worsen ischemic brain injury, therefore recommended
therapeutic
hypothermia
of
32–34 °C. Blood glucose concentrations, anemia, electrolyte imbalances and metabolic
abnormalities are associated with poor neurological outcome, therefore these parameters
should be controlled and maintained in normal
range [42].

Take Home Message

Cardiac arrest is a challenging problem
both in the prehospital community and in-
hospital emergency medicine with high
mortality and morbidity. Cardiopulmonary
resuscitation is a life-saving strategy for
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treatment applied by laypersons, trained
rescuers, and healthcare providers.
Although the guidelines cover most related
situations, rescuers may be faced with situations for which no clear guidelines exist.
Therefore, management of such cases may
be difficult and demanding for the whole
team approach including trained laypersons, dispatcher’s assistants, early call and
activation of EMS, early initiation of CPR
and defibrillation with available AED,
advanced airway ventilation in conjunction
with ALS, and finally transfer to hospital to
achieve professional support for life and
post-cardiac care. Everyone from the layperson to the intensive care unit staff should
be aware and ready for immediate implementation of all sequential steps of
CPR. Training in the SCR program has
paramount importance for this successful
action plan; however, iterative education
with checking whether all teams and systems are ready, and all needed equipment
available as early as possible, is very
important for EMS testing.
Public administrators and healthcare
system operators should make national
emergency preparation plans for SCD victims by defining risky places, high-risk persons, and primary and secondary prevention
strategies. According to the preparation
plan, trained laypersons/healthcare providers, the EMS organization, and AED should
be provided in all places in the shortest
period of time.
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18.1

Introduction

especially more commonly during elite games.
These injuries are usually associated with signifiMore than 500,000 basketball injuries are treated cant morbidity and subsequent game loss. Due to
in emergency rooms in United States every year. tremendous exertions performed on lower
Popularity and high participation rates of basket- extremities foot, ankle and knee injuries are the
ball can cause a wide range of injuries. Injury most common ones followed by the lower back,
rates are reported to be 8.5–1.1 injuries per hand, and wrist. Studies showed that lower limb
1000-h athletic participation [1].
injuries account for 46–68% of all basketball
Basketball is an inherently vertical sport injuries followed by head and neck 5.8–23.7%,
requiring 70–250 jumps actions and direction upper limb 5.6–23.2%, spine and pelvis 6–14.9%.
changes in every 2–3 s per game, which is 2–4
Although major injuries are relatively rare,
times greater than soccer and volleyball. This appropriate on-court management of acute injumultidirectional nature of basketball requires ries are of paramount importance. Management
constant acceleration and deceleration. During strategies should be based on performing acute
the past three decades, basketball sustained a life-saving intervention if needed, minimizing
variety of changes. After new rules governing zone of injury, preventing further injury, decreasshorter shot clock time and longer shooting dis- ing pain, promoting healing, and allowing safe
tance for three points, games become more ath- return to competition.
letic and aggressive. Therefore, in the past few
A variety of health-care professionals with
decades the game evolved from being semi- different levels of experience and training are
contact to high contact, bringing higher injury providing health care during games. Despite prorates.
viding a definitive diagnosis and management of
Luckily majority of basketball injuries are long-term treatment needs different levels of
mild to moderate form of sprains, strains, and experience, all health-care professionals on court
contusions. Severe injuries occasionally do occur during a game or training should be familiar with
acute immediate management of trauma on court.
Acute trauma during a basketball game may
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FIBA rules governing the role of medical professionals during the event of an injury states that
the referee should stop the game and calls the
medical professional whenever necessary.
However, if medical officer is a doctor, a doctor
may enter the court without the permission of an
official if, in the doctor’s judgment, the injured
player requires immediate medical attention.

18.2

Acute Management
of Extremity Trauma

Extremity trauma is by for the most common
acute injury during basketball games. Lower
extremity is the most common effected site. Even
though the extremities are primarily composed of
musculoskeletal tissue (bones, muscles, tendons,
ligaments), health-care professionals should also
be prepared to manage injuries to the skin and
neurovascular structures.
When an extremity injury occurs first, a history, mechanism of trauma, and severity of pain
should be obtained from the player. Athlete
should be asked if he/she is able bear weight on
the affected extremity. Any feedback about the
functional deficits, instability, numbness, or
weakness is also important.
The physical examination should be first
directed to the entire affected extremity. Team
physician should first survey any open injuries,
gross deformities, and major soft tissue swelling.
Active and passive joint range of motions should
be carefully evaluated. Pain localization should
be made by carefully palpating the injured area.
Any crepitation and pathological motion should
be carefully noted. Additional specific tests for
ligamentous structures and strength of muscle
groups should be performed. Any defects in the
major tendon groups should be carefully noted.
As a part of the injured extremity survey, a careful neurovascular examination should be performed. Any pallor, diffuse paresthesia, pain,
cold, and diminished pulses should alert the physician about extremity ischemia [2]. Fortunately,
these are very rare injuries.
Team physician should also be aware of possibility of compartment syndrome in an injured

extremity. Especially lower extremity is more
susceptible to compartment syndrome after
severe muscle contusions or tibia fractures. Even
though compartment syndrome can jeopardize
the vascular supply the classical signs of ischemia are usually not common. Instead on physical examination key finding is the pain out of
proportion to injury, and marked increase in pain
during passive stretching.
Further evaluation may require imaging.
On-site access to imaging is very rare. However,
some guidelines may aid the physician in determining when radiography is necessary. Ottawa
rules are useful tools to assess the need for radiography in knee and ankle injuries [3].

Ottawa Knee Rules Criteria

–– Patient over 55 years old or older
–– Isolated tenderness on patella
–– Tenderness at the head of fibula
–– Inability to flex the knee to 90°
–– Inability to bear weight for four steps
(Presence of one of the following criteria
indicates knee series)
Ottawa Foot-Ankle Rules Criteria

–– Pain over lateral malleolus
–– Pain over medial malleolus
–– Pain over navicular bone
–– Pain over the base of fifth metatarsal
–– Inability to bear weight for four steps
(Presence of one of the following criteria
indicates knee series)

18.3

Treatment

The health-care professional should apply an
effective triage system for treatment on court. One
should be able to determine the injuries that can
be evaluated for return to play, the injuries that
needs removal from the game and stabilization
and finally injuries that needs emergency transfer
to the hospital. Emergency transfer due to extremity trauma is generally indicated in long bone
fractures, open fractures, major joint d islocations,
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and injuries causing neurovascular compromise.
Whenever the ambulance is not available, the
physician should always have a plan to transfer
these patients to the nearest medical facility.
Injuries that require removal from the play but
do not require immediate transfer of the player like
serious musculotendinous injuries, sprains, or
small bone fractures like hand or foot can be stabilized and undergo evaluation after the game.
Stabilization can be performed using any ready-to-
use material such as a brace, tape, bandage, an
inflatable splint, or an aluminum enriched foam
splint. Most difficult cases are often the moderate
injuries with some limitation that might be able to
play. However, there are no specific guidelines and
each injury must be evaluated on individual basis.
The physician must keep in mind general principles of extremity trauma and when in doubt athlete’s health must be of paramount importance.
In management of open injuries and lacerations, evaluation should be done to determine if
the injury is extending to bone, joint, or neurovascular structures. The lesion should be irrigated
with a sterile saline solution to clean out the debris
if present and if necessary mechanical debridement may be performed with a sterile sponge.
After application of antiseptic solutions, small
lacerations can be managed with tissue glues or
sterile-strips. However, suturing may treat larger
lacerations. Whenever it is appropriate, quick
sideline management can be performed with a stapler to keep the player in the game, and wound
can be revised after the game if necessary.
Sideline management of closed fractures
mainly should focus on relieving pain by stabilizing the extremity and preventing further injury to
the adjacent soft tissues especially neurovascular
structures. Whenever a markedly displaced fracture is suspected, gentle longitudinal traction
should be applied just to relieve and align the tissues. Experienced physicians should only attempt
reduction without being too aggressive on courtside. After gentle traction and aligning the
extremity, a splint can be applied including fracture site and adjacent joints. A postreduction neurovascular examination should always be
performed. Any deterioration in neurovascular
status may require emergency transfer. After trac-
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tion and splinting elevation and ice application
will help to decrease the pain and control excessive inflammation, fingers and toes can be immobilized using buddy taping with a soft tape.
Lower extremity long bone fractures require
non-weight-bearing ambulation using stretcher,
wheelchair, or crutches depending on severity of
injury unless proven otherwise.
Joint dislocations may occur during events.
Mostly finger and shoulder dislocations are common. Although very rare in basketball, it should
always be kept in mind that knee dislocations and
hip dislocations present a medical emergency and
requires immediate transfer to nearest medical
facility because of high incidence of accompanying neurovascular injury incidence.
Finger dislocations are quite common in basketball, and an experienced physician can perform a sideline reduction. After reduction
stability assessment buddy taping can be applied
and player can return to plan in some occasions.
It should be kept in mind that an experienced
physician should attempt all reduction maneuvers, and a postreduction stability and neurovascular status assessment should be performed [4].
Initial treatment of ligament sprains depends
on involved joint and degree of severity of the
sprain. A careful examination shows the grade of
sprain. Grade 1 lesions are generally stable with
minimal pain, and athlete may return to play after
symptomatic care. Most grade 3 sprains show a
marked increase in laxity and requires removal
from the play and initially a RICE treatment protocol should be initiated. The difficulty of on-
court assessment of a sprain usually lies in Grade
2 lesions. Determining whether a grade 2 sprain
with a mild to moderate laxity can return to play
is somewhat challenging [5, 6]. Best approach
would be testing the stability of the affected joint
and comparing it with the unaffected site, and if
enough stability can be achieved by taping or
bracing, then players can be examined on the
court side about basic running, jumping, or cutting drills, whenever appropriate player may be
allowed to return to play. One main special
concern can be type 2 acromioclavicular sprains
which are difficult to protect or stabilize and prevent immediate return to play [7].
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Muscle contusions are traumatic blunt injuries
to muscle bellies mainly in the lower extremity.
They create temporary weakness and pain in the
affected site, and they can generally be treated by
ice and compression. If the athlete is returning to
the competition, the area should be generously
padded. It should be kept in mind that severe contusions especially at the quadriceps area may develop
heterotopic ossification. Whenever a severe injury
is suspected to minimize the hematoma formation,
the athlete should not be allowed to return to play
and should be rested in minimum muscular tension
with effected extremity elevated.
Muscle strains are one of the common injuries
in basketball. General courtside treatment consists of RICE protocol. None of the suspected
players should be allowed to return to play, and
lower extremity strains should be allowed to bear
weight using crutches.
Complete tendon ruptures cause severe functional limitations and generally require immediate removal from play. The joint that the tendon is
crossing can be immobilized with a splint to prevent pain and shortening.
Return to play decisions should always be
given by keeping idea of protecting the athlete
from further injury in mind. For major injuries
like long bone fractures, major joint dislocations,
or tendon ruptures, decision of removing the athlete from the competition is obvious. Similarly
for mild injuries like grade 1 sprain that do not
cause instability or minor contusions, easy decision of keeping the player in competition can be
made. However, the main challenge lies in the
injuries with moderate level of injury or that
cause relative moderate instability. In these cases,
the decision should be made on case-by-case
basis [8, 9]. Therefore, the main role of the medical professional is deciding whether it is safe for
the player to return to play or not.

18.4

 cute Management of Spinal
A
Trauma

Basketball is relatively one of the minor risk
sports for spinal injuries. Nevertheless, a study
among NBA players shows that lumbar spine

injuries constitute 10.2% and cervical spine
1.6%, a total of 11.8% of all injuries [10].
Although spinal injuries account for a smaller
percent of all traumatic basketball injuries, they
can lead to devastating consequences.
An optimal outcome for spinal traumatized
players requires quick and effective response to
injury. Proper pregame preparation is essential
for this response. This begins with proper education of team health-care providers both in recognition and management of spinal trauma. Creating
a spinal trauma protocol and pregame communication with emergency transfer officials on court
is also important. Locating possible medical
facilities that player can be transferred will help
to provide a quicker transfer, and checking the
presence of necessary tools like cervical collar
and trauma board is of paramount importance.

–– Proper education
–– Create a spinal trauma protocol
–– Communicate with emergency transfer
officials before the game
–– Check the presence of appropriate
equipment before the game
–– Locate possible transfer centers before
the game

Team physician or health-care providers
should always be attentive to game to be able to
identify the mechanism of possible injury.
Management begins with a primary survey, standard ABCD Trauma protocol. As soon as a spinal
injury is suspected in a basketball player, a neutral cervical stabilization involving cupping the
occiput and grasping mastoid process should be
performed. Under no circumstance, should traction be applied to the player’s head. Player should
be moved to neutral position unless motion
causes increased pain or loss of function.
If the player is in prone position after injury,
player must be returned to supine position using
a prone log role technique, which requires at least
four trained personnel to execute. After careful
application of cervical collar, a neurologic
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screening should be conducted. The evaluation of
conscious player should begin by questioning
about extremity numbness, painful dysesthesias,
and weakness and neck and back pain. A limited
examination can identify obvious neurologic deficit if the player is unable to move all or any
limbs or has gross weakness numbness or significant pain with palpation. In a player with altered
consciousness, it should always be kept in mind
that cervical spine trauma can be associated with
a head trauma.
After the quick initial evaluation, player
should be transferred to trauma board with preferably lift and slide technique with airway easily
accessible and transferred to nearest medical
facility immediately.

Prone Log Roll Technique

–– Requires at least four trained people
–– Spine maintained in neutral position by
team leader using cross arms technique
–– Rescuers synchronously pull the player
toward themselves
–– Fifth rescuer slides the back board under
player during midpoint of the roll
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potentially serious injuries that may have long-
term sequel, which requires careful management.
In 2016, FIBA published Concussion Guidelines
following 2016 Berlin Concussion Consensus.
According to guidelines any basketball player
who has concussion diagnosed by a doctor, must
not have any further participation to game or
training until medically cleared by a physician
experienced in the management of concussion.
At the community-level basketball where a doctor is unlikely present, if a concussion is suspected, then player should not participate unless
cleared by a doctor.
Whenever a concussion happens, players generally show symptoms of altered mental state,
neurological dysfunction, and cognitive impairment. Concussions can sometimes be difficult to
diagnose because signs and symptoms can mimic
other neurological conditions. Therefore, a doctor is needed to confirm the diagnosis. For multimodal assessment, an experienced medical
practitioner should undertake SCAT-5 protocol,
which includes symptoms checklist, memory,
balance, orientation, coordination, and cognitive
functioning assessment.
If any of the following red flags are witnessed
(including video review), player should immediately and safely be removed from the play and
evaluated by a health-care provider.

Lift and Slide Technique

–– Requires at least five trained people
–– Less cervical motion compared to Log
Roll Technique
–– Spine maintained in neutral position by
team leader
–– Three rescuers lift the player synchronously lifting 15 cm off ground
–– The fifth rescuer slides the board under
the player

18.5

Acute Management
of Concussion and Head
Trauma

A concussion is defined as a complex pathophysiological process affecting the brain, induced by
biomechanical forces [11]. Concussions are

Red Flags

–– Neck pain or tenderness
–– Double vision
–– Weakness or tingling or burning in arms
or legs
–– Severe or increasing headache
–– Seizure or convulsion
–– Loss of consciousness
–– Deteriorating consciousness
–– Vomiting
–– Increased restlessness or combative
behavior

In practical perspective, whenever a trauma to
the head witnessed, health-care provider should
immediately enter the court, keeping in mind the
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basic primary survey if needed, if any of the red
flags are present, player should be removed from
the play and examined using the SCAT-5 protocol. If a head trauma is witnessed without the
presence of any red flag symptoms and initial
medical examination reveals no signs of concussion, SCAT-5 assessment can be delayed to halftime or end of the game. However, player should
be very carefully watched during the game, and it
should be understood that concussion might
sometimes evolve and increase by time.
A team doctor should consider performing a
detailed thorough neurological examination to
exclude more serious damage to brain, head, and
neck area; if there are any signs of more serious
damage like deteriorating mental status, drowsiness, repeated vomiting, headache or intolerance
of light are present, player should immediately be
transferred to the nearest medical facility.
Whenever there is any doubt about diagnosis,
player should not be allowed to continue game
and assessed repeatedly.

18.6

Conclusion

Sideline and on-court management of traumatized
basketball player is an important role for healthcare professionals providing coverage for events.
With a careful history and examination, one should
be able to reach a provisional diagnosis. Appropriate
early treatment will protect the player from further
harm and can hasten recovery. A health-care professional should always keep in mind the medical
emergencies requiring urgent transfer to hospital.

References
1. Cumps E, Verhagen E, Meeusen R. Prospective epidemiological study of basketball injuries during one
competitive season: ankle sprains and overuse knee
injuries. J Sports Sci Med. 2007;6(2):204–11.
2. Wani ML, Ahangar AG, Ganie FA, Wani SN, Wani
NU. Vascular injuries: trends in management. Trauma
Mon. 2012;17(2):266–9.
3. Stiell IG, Greenberg GH, Wells GA, McKnight
RD, Cwinn AA, Cacciotti T, McDowell I, Smith
NA. Derivation of a decision rule for the use of radiography in acute knee injuries. Ann Emerg Med.
1995;26(4):405–13.
4. Skelley NW, McCormick JJ, Smith MV. In-game
management of common joint dislocations. Sports
Health. 2014;6:246–55. A review of criteria and
methods for common joint dislocation reduction.
5. Gardiner JR, Madaleno JA, Johnson DL. Sideline
management of acute knee injuries. Orthopedics.
2004;27:1250–4.
6. Mangine RE, Minning SJ, Eifert-Mangine M,
Colosimo AJ, Donlin M. Management of the patient
with an ACL/MCL injured knee. Am J Sports Phys
Ther. 2008;3:204–11.
7. Wascher DC, Bulthuis L. Extremity trauma: field management of sports injuries. Curr Rev Musculoskelet
Med. 2014;7(4):387–93.
8. Creighton DW, Shrier I, Shultz R, Meeuwisse WH,
Matheson GO. Return-to-play in sport: a decision-
based model. Clin J Sport Med. 2010;20:379–85.
9. Schupp CM. Sideline evaluation and treatment
of bone and joint injury. Curr Sports Med Rep.
2009;8:119–24.
10. Drakos MC, Domb B, Starkey C, Callahan L,
Allen AA. Injury in the national basketball association: a 17-year overview. Sports Health. 2010;2(4):
284–90.
11. McCrory P, Meeuwisse WH, Aubry M, Cantu B,
Dvorak J, Echemendia RJ, et al. Consensus statement
on concussion in sport—the 4th international conference on concussion in sport held in Zurich, November
2012. Br J Sports Med. 2013;47(5):1–11.

Part IV
Basketball Injuries and Management

Basketball Injuries: Epidemiology
and Risk Factors

19

Kellie K. Middleton, MaCalus V. Hogan,
and Vonda Wright

19.1

Introduction

Over the last century, basketball has become one
of the most popular sports in the world [1–3].
More people play basketball—including those
who play recreationally, on organized teams, for
high schools, colleges, and professionally—than
any other sport in the United States [4]. This past
year, 540,769 boys and 399,067 girls participated
in high school basketball during the 2018–2019
academic year [5]. Since the first National
Collegiate Athletic Association (NCAA) basket-
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ball championships (1939 for men and 1982 for
women), men and women’s college basketball
has become one of the most popular sports to
play and watch.
Once noncontact, the game has evolved along
with the athleticism of the players since
Naismith’s original “Thirteen Rules.” Basketball
is a fast, intense, and aggressive sport.
Consequently, basketball players have one of the
highest overall injury rates among participants in
non-collision sports [6, 7]. Injury severity can
manifest in a change in activity or lifestyle,
games missed, and/or impact one’s livelihood if
playing professionally. Understanding the epidemiology of such injuries is important to all
health-care providers and professionals affiliated
with team sports.
The purpose of this chapter is to provide an
overview of the most frequently reported acute
injuries in basketball. Acute injuries are defined
as a trauma resulting from a specific, identifiable
event compared to an overuse, gradual-onset-
type injury, with no specific, identifiable etiology [8]. This chapter will cover the epidemiology
of common basketball injuries, mechanisms of
injury, and risk and protective factors for each
level of play and an overview of the most common injuries encountered while playing
basketball.
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19.2

Descriptive Epidemiology
and Mechanisms of Injury
with Predictive Factors by
Level of Play

Table 19.1 Locations of injuries in high school girls and
boys basketball according to the High School Sportsrelated Injury Surveillance Study, United States, 2005–
2006 and 2006–2007 academic years
Types of
injuries
Head, face, and
neck
Trunk
Upper arm,
shoulder
Lower arm,
hand
Hip, thigh,
upper leg
Knee
Lower leg
Ankle, foot
Othera

Many studies have evaluated the types and frequency of injuries associated with playing basketball [9–15]. Some studies focus on children,
adolescents, and high school students [16, 17];
others analyze injury rates in only collegiate
student-athletes [18] or professional athletes [10,
19–21]. A general consensus of their findings
follows.

19.2.1 High School Athletes
According to a descriptive epidemiologic study
in 2007 assessing basketball-related injuries in
American high schools, of the 409,958 injuries,
the most common body sites injured were the
foot and ankle (39.7%), knee (14.7%), head/face/
neck (13.6%), arm/hand (9.6%), and hip/thigh/
upper leg (8.4%) [22]. Upper extremity injuries
only accounted for 12–13% of the injuries sustained. Though the authors included chronic injuries in their assessment, they report that the
majority of injuries were new (83.6%) as opposed
to a flare or recurrence of a prior injury.
The most frequent injury diagnoses reported
by Borowski et al. were ligament sprains (44.0%),
muscle/tendon strains (17.7%), muscle contusions (8.6%), fractures (8.5%), and concussions
(7.0%). Fractures most commonly occurred in
the lower arm/hand (42.7%), head/face/neck
(23.9%), and foot/ankle (19.0%) regions [22].
With regard to gender differences, Borowski
et al. found that girls were more likely to sustain
a knee injury and that boys were more likely to
sustain an injury to their trunks and foot/ankle
regions [22]. However, a more recent data surveillance study revealed that the most commonly
injured body parts for girls were ankle, knee, and
head/face [15] compared to ankle, head/face, and
knee in high school boys [23]. See Table 19.1 for
a detailed comparison of injury locations.
Although the difference was not significant,
girls were more likely to sustain injuries requir-

High school girls
(%)
n = 211,535
14.2

High school boys
(%)
n = 198,829
12.8

4.0
2.5

7.1
2.8

9.5

9.4

8.7

8.2

18.2
4.9
35.9
2.2

10.6
3.4
43.2
2.4

Other includes respiratory illness, internal organ damage,
and so forth [23]

a

ing surgery than their male counterparts, particularly for ligament sprains (10.2% and 2.9%,
respectively) and muscle/tendon strains (10.1%
and 5.0%, respectively). They were over two
times more likely to require surgery for knee ligament injury (injury proportion ratio; IPR 2.74,
95% CI 1.21–6.23, P < 0.01). Boys were found to
be 4.43 times (95% CI, 1.25–15.68 P < 0.01)
more likely to require surgery for head/face/neck
fractures [22].
According to Borowski et al., one-quarter of
all injuries sustained in high school athletes
occurred while rebounding (25.1%), while on
defense (14.8%), ball handling/dribbling (8.9%),
and shooting (8.5%) [22]. Boys were more likely
to sustain an injury while rebounding (IPR 1.72;
95% CI, 3.98–20.63; P < 0.01), and girls were
more likely to be injured while handling the ball
(IPR 1.68; 95% CI, 1.10–2.55; P = 0.02). Another
study found that 22.6% of girls’ injuries occurred
during rebounding and 20.1% while playing
defense in competitions [23].
Currently, there is no consensus regarding the
effect of position on injury rates in high school
athletes. Among male and female high school
basketball players, Borowski et al. found that the
guard position accounted for the most injuries
(50.3% and 45.9%, respectively) followed by the
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forward position (34.7% and 40.8%, respectively) and the center position (14.1% and 13.0%,
respectively) [22]. They found that injury type
and location did not vary by position: guards, forwards, and centers all sustained “ligament
strains” and “ankle/foot” injuries most frequently
[22]. Clifton et al. found that an ankle sprain due
to contact with another player was the most frequent injury among all positions for both boys
and girls [15, 23].

6.75 injuries per 1000 athlete exposure (AE),
respectively, during a game compared to 4.3 and
2.84 injuries per 1000 AE, respectively, during
practice.
Mirroring the injury rates found at the high
school level, the most common injury experienced by male and female collegiate basketball
players is lateral ankle sprain. Knee internal
derangement is the second most common injury
followed by patellar tendinopathy and muscular
strains [13, 18]. Dick et al. reported the same
injury profile breakdown with the most common
injuries to occur during men’s NCAA games
being ankle sprains (26.2%), knee internal
derangement (7.4%), patellar injuries (2.4%),
upper leg contusion (3.9%), and concussion
(3.6%) [25]. For women, the breakdown for injuries during game competition reported by Agel
et al. is as follows: ankle ligament sprains
(24.6%), knee internal derangements (15.9%),
concussions (6.5%), and patellar problems
(2.4%). See Fig. 19.1 for comparison of major
injury locations in collegiate basketball players
(both men and women). The most common practice injuries reported include ankle ligament
sprains (26.8%), knee internal derangements
(6.2%), and patellar injuries (3.7%) [24].
At the high school level, girls were more likely
to sustain injuries requiring surgery compared to
boys. Zuckerman et al. found that this trend continues at the collegiate level with the severe injury
rate being higher for women compared to men
(RR = 1.93; 95% CI 1.24–2.99): 9.4% of female
NCAA basketball injuries were severe versus
5.1% of male injuries. However, the rate of injuries requiring surgery did not significantly differ
between men and women (0.30 vs. 0.32/1000
AE; RR = 0.92; 95% CI 0.68–1.24) [13].
For all positions on men’s and women’s teams,
the most frequent injury was ankle sprain due to
contact with another player [15, 23]. For collegiate guards, the second most frequent injury was
concussion (secondary to collision with another
player). Among centers and forwards, knee sprain
was the second most common injury [23]. When
looking solely at ankle injuries, male and female
guards experienced the highest rate of ankle injuries in competition (43.30% and 50.1%,

Fact Box

Noncontact knee sprain was the third most
common injury among female high school
and college guards [23].

19.2.2 T
 he National Collegiate
Athletic Association (NCAA)
Compared to high school basketball players,
female and male collegiate basketball players had
a higher total injury rate (IRR 2.73, 95% CI 2.60–
2.86 and IRR 3.43, 95% CI 3.28–3.59, respectively) [15, 23].
Similar to high school athletes, NCAA
Division I, II, and III basketball players were also
most likely to sustain injuries to their lower
extremities with lower extremity injuries accounting for 60% of all game and practice injuries
from 1988 to 1989 through 2003 to 2004 seasons
[24, 25].

Fact Box

Male collegiate basketball ranks fourth
behind football, wrestling, and soccer in
overall time-loss injury rates [26].

Collegiate athletes were more likely to be
injured during game competition than practice
[24, 27]. Injury rates during games were found to
be twice that of those during practice: men’s and
women’s basketball players experienced 9.9 and
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a

b

Fig. 19.1 Locations of injuries in NCAA women’s (a) and men’s (b) basketball injuries during game competition
according to Agel et al. [24] and Dick et al. [25], respectively. Photographs provided by Alonza Ashe

r espectively), followed by forwards (34.60% and
28.9%, respectively), and centers (17.86% and
16.1%, respectively). Guards had significantly
higher injury rates than forwards and centers for
both collegiate leagues [28].
According to a recently published 10-year
NCAA surveillance study, the most common
activity during ankle injury for women was
rebounding (30.32%, Fig. 19.2) followed by general play (28.63%), defending (13.05%), and
shooting (10.63%) [28]. For men, the most common activities were rebounding (34.36%), general play (23.57%), defending (13.10%), and
shooting (11.63%). More than half of the ankle
injuries sustained by women and men from 2004
to 2014 were secondary to contact (61.26% and
67.41%, respectively) [28]. Interestingly, women
were found to be injured more often through
acute noncontact mechanisms (IPR 1.20, 95% CI
2.06–1.35) and less often because of contact (IPR
0.88, 95% CI 0.81–0.95).
Overall, Tummala et al. found that 41.2% and
43.8% of all women’s and men’s ankle injuries,
respectively, resulted in a time loss of less than
3 days. More than 60% of ankle injuries resulted
in a time loss of less than 7 days and around 30%
of injuries resulted in time loss of greater than

7 days [28]. Lastly, women were more likely than
men to have a recurrent ankle injury (IPR 1.77,
95% CI 1.22–2.57).

19.2.3 Professional Leagues
Although fewer studies have been conducted on
injury rates in professional basketball players
over the last two centuries [20, 21, 29, 30],
improved data surveillance has helped with
injury evaluation at the professional level.
Compared to NCAA basketball, professional athletes compete on a longer court, for more minutes
per game, and for a longer season. Such factors
could contribute to the increased number of injuries experienced at the professional level.
However, falsely reporting injuries to keep players on injured reserve (allowing teams to carry
more players on their rosters) could also affect
the accuracy of reporting at the professional
level. Nonetheless, professional basketball players in the USA and abroad tend to experience a
higher injury rate compared to other levels [20,
21, 29, 30]. The incidence of injury in National
Basketball Association (NBA) players was found
to be 19.1 per 1000 AEs by Drakos et al. [21].
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Fig. 19.2 The most common activity during ankle injury
for collegiate women and men basketball players was
rebounding (30.32% and 34.36%, respectively) based on a
10-year NCAA surveillance study. More than half of all

the ankle injuries sustained from 2004 to 2014 were secondary to contact (61.26% for women and 67.41% for
men) [28]

When compared to the Women’s National
Basketball Association (WNBA), NBA players
were found to have a lower game-related injury
rate (19.3 vs. 23.9 injuries per 1000 AE) [29, 31].

Not much data is available on injury rate
breakdown by position player in the
NBA. According to an analysis of Brazilian professional basketball players, centers were found
to have the highest number of injuries (44.1%)
followed by forwards (35.3%) and guards
(20.6%) [32]. Compared to other positions, centers sustained more hand, chest, and abdominal
trauma and had a higher number of ankle sprains.
They were most likely to be injured when in the
paint (key area), where more physical contact
occurred during rebounding or offensive drives
[32]. Among Greek female professional players,
the largest number of injuries occurred in and
around the key area (56.3%, P = 0.007). Among
the player positions examined, centers had the
highest rate of injury with small forwards having
the lowest rate of injury [33].
McKay et al. found that among elite Australian
female basketball players, ankle injuries were
responsible for more than half of the total time
missed due to an injury [34]. In NBA players,
patellofemoral injuries were the most common

Fact Box

There was no correlation between injury
rate and age, height, weight, or years of
NBA experience for male professional basketball players reported over the last
30 years in the NBA [20, 21].

Again, lower extremity injuries are the most
common, accounting for over 60% of all injuries
at the professional level [21, 27]. The incidence
of ankle sprain (3.2 per 1000 AE) is more than
two times as common as any other injury in the
NBA [21]. Lateral ankle sprains, specifically, are
the most common injury diagnosis in both the
NBA and WNBA [21, 29].
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have been linked to ankle injuries [37, 38]. The
most frequent traumatic mechanism in low-ankle
sprains is an inversion injury with the foot in
slight plantar flexion, most commonly occurring
through contact (e.g., when a player steps on the
foot of another player). It can also result from an
awkward land directly on the court or a twisting
injury sustained while cutting, turning, or pushing off.
In a 10-year injury surveillance study of
ankle injuries in the NCAA, the most common
diagnosis for male and female players was an
injury to the lateral ligamentous complex (LLC;
low-ankle sprain) including the anterior talofibular ligament (ATFL) and the calcaneofibular
ligament (CFL). In men, 79.97% of ankle injuries involved the LLC, 7.24% involved the deltoid ligament, and 7.01% involved the anterior
tibiofibular syndesmosis (high ankle sprain)
[28]. The majority of women experienced LLC
tears as well (83.47%). See Fig. 19.3 for X-ray
and magnetic resonance images corresponding
with an LLC injury. Syndesmotic injuries were
the second most common injury in women
(7.05%) followed by deltoid ligament tears
(5.57%).
Inversion injuries result in sprain or disruption
of the ATFL most commonly followed by the calcaneofibular ligament (CFL). Such injuries can
occur with concomitant injuries that may be
radiographically occult, including chondral or

reason for games missed (17.5% of all causes)
[21]. As reported by Drakos et al., patella and
knee injuries (e.g., internal derangement) resulted
in more games missed than injuries to the ankle
and the lumbar spine (the two most commonly
injured areas) [21].

Fact Box

Drakos et al. found that lumbar spine injuries (making up 10.2% of the injuries) were
responsible for almost as many NBA games
missed as ankle injuries (6729 vs 6838
games, respectively) [21].

19.3

Common Types of Basketball
Injuries

19.3.1 Foot and Ankle Injuries
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# OF INJURIES

19.3.1.1 Ankle Sprains
Among male and female basketball players of all
ages, lower extremity injuries predominate, with
the ankle being the most frequently injured anatomic site and low- or lateral ankle sprains representing the most common injury. Studies indicate
that basketball players change motion every 2.0–
2.82 s and jump up to 35–46 times per game [35,
36]. Frequent direction changes and jumping

TYPES OF BONY STRESS INJURIES

Fig. 19.3 Types of bony stress injuries of NBA athletes from 2005 to 2015 [45]
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osteochondral lesions of the talar dome [39].
Additionally, fractures of the anterolateral process of the calcaneus and os trigonum and tears to
the superior peroneal retinaculum (SPR) with
subluxation of the peroneal tendons can sometimes mimic a lateral ankle sprain. Thorough
clinical evaluation of both ankles along with
advanced imaging can help identify related
pathologies.
Eversion injuries are less common; however,
they also occur secondary to dorsiflexion with
foot eversion or external rotation. These injuries,
often resulting in high ankle sprains, may be
more serious because of injury to the deltoid ligament, the anterior tibiofibular ligament, and the
interosseous membrane with disruption of the
syndesmosis.

Fact Box

For both male high school and collegiate
athletes, the most frequent injury across all
positions on the court was ankle sprain secondary to player–player contact.

Preventative measures at all levels of play
have focused primarily on ankle inversion injuries. Players generally wear mid- or high-top
sneakers, and many are encouraged to tape their
ankles or wear braces. External ankle support has
been shown to decrease the risk of ankle sprains
[40, 41]. Studies have shown that external ankle
support in the form of a brace or taping may prevent injury [29, 42, 43]. Kofotolis et al. found
that in the Greek WNBA, most injuries occurred
when players did not wear ankle supports [33].
Given that a history of strain or sprain on the
same side of the ankle is a strong predictor for
reinjury, athletes who have a history of ankle
sprain would benefit from wearing external support on that ankle. Studies have shown that athletes with a prior sprain who wear a brace or tape
have a lower incidence of ankle sprain [29, 40,
42, 44–48].
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19.3.1.2

Fractures and Stress
Fractures of the Foot
Fractures of the anterolateral process of the calcaneus occur when the foot is abducted and plantar flexed. This mechanism places tension on the
bifurcate ligament, which connects the anterolateral calcaneus to the cuboid and navicular [49].
Acute dorsiflexion with strong contraction of the
peroneal muscles can also result in tears to the
SPR. In this case, a small fragment of bone may
avulse from the fibula where the SPR was previously attached (seen as a flake sign on plain
radiographs). With disruption of the SPR, the
peroneal tendons are allowed to sublux anteriorly
out of their groove.
Avulsion fractures of the navicular and base of
the fifth metatarsal can also present with symptoms similar to low-ankle sprains. Avulsion fractures of the fifth metatarsal usually result from
inversion stress. For example, when a player goes
up for a rebound and lands on the foot of another
player. The same strong contraction that contributes to the rupture of the SPR can result in an
avulsion of the peroneus brevis attachment at the
base of the fifth metatarsal. Though not as common, an avulsion at the origin of the extensor
digitorum brevis (EDB) muscle from the lateral
calcaneus can also occur.
Stress injuries are also common occurrences in
the NBA. In a study by Khan et al. in 75 NBA players, 76 lower extremity bony stress injuries were
found. Over half (55%) involved the foot with most
injuries occurring during regular season [50].
Specifically, the most commonly reported injury
was a stress fracture to the fifth metatarsal (18.4%)
followed by other stress fractures of the foot
(14.5%) as seen in Fig. 19.4 [45]. The least reported
stress fractures to the foot were to the calcaneus
sesamoids and the tarsal bones [45]. Over a third
(38.2%) of all stress injuries reported by Khan et al.
were managed surgically. Fifth metatarsal fractures
were treated surgically 100% of the time with open
reduction internal fixation. Despite all being surgically managed, Khan et al. found that fifth metatarsal stress fractures resulted in the inability to return
to play in 42% of the players [45].
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Fig. 19.4 Mortise view X-ray of the right ankle following an inversion injury. Soft tissue shadows noted, but no
bony avulsions. MRI demonstrates a full-thickness ATFL

tear at the talar insertion and signal within the deltoid ligament suggesting partial tearing. Signal in adjacent lateral
sided soft tissues

19.3.2 Achilles Tendon Injuries

most promising option available in this patient
population.

In the NBA, a majority of Achilles tendon ruptures occur early in the season [51, 52]. The
most common mechanism of injury is taking off
from a stopped position just prior to toe-off in a
dorsiflexed foot. Achilles tendon rupture is a
devastating injury with low return to play rates
for athletes who underwent Achilles surgery
[53]. Compared with other surgical procedures,
NBA players who underwent Achilles tendon
repair had a significantly greater decline in postoperative performance outcomes at 1- and
3-year postoperative time points and had shorter
career length compared with other procedures
[53]. Despite outcomes and low return to play
rates in professional basketball players following Achilles tendon repair, surgery is still the

19.3.3 Acute Knee Ligament Injuries
19.3.3.1

 nterior Cruciate Ligament
A
(ACL) Tears
ACL disruption is a serious injury with significant loss of playing time and a long post-op rehabilitation program. Busfield et al. demonstrated
that 22% of NBA players failed to return to
competition and nearly half (44%) of those who
did return experienced a lower player efficiency
rating [54].
Most orthopedic injuries affect male and
female basketball players equally; however, ACL
injuries in basketball players show a strong
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female preponderance [55]. In a review of injuries sustained on the University of Connecticut’s
basketball teams, women experienced ACL injuries at two to four times the rate of their male
counterparts [27]. In a metaanalysis of the incidence of ACL injury as a function of gender and
sport, the female to male ratio was highest
3.5:1 in basketball compared to 2.67:1 in soccer,
and 1:1 in alpine skiing [55]. Multiple studies
have evaluated potential reasons for the gender
differences in ACL injuries.
The mechanism of injury of ACL injuries is
more commonly noncontact, deceleration, and
sudden change in direction that may cause abnormal rotation of the tibia. Valgus knee collapse
also contributes, which occurs more frequently in
women [56]. Increased knee abduction leads to
an increase in knee abduction moment, which has
demonstrated high sensitivity and specificity for
ACL injury risk [57]. Attributing factors of the
increased risk of ACL injuries in female athletes
include a predisposition of women to land with
increased knee abduction [58, 59]. The latter factor was found to be correctable with dynamic
proprioceptive training [60].
It is important to note that in skeletally immature athletes, a common pattern of ACL injury is
an avulsion fracture of the tibia, or less commonly the femur [61]. The chondro-osseus junction is the weakest part of the ACL complex in
such patients.

Jackson et al. found that strains were most frequent during the first month of the season (preseason) with the cumulative risk being related to
the length of each season and the length of a
player’s career [62].
Today, there is heightened awareness and
understanding of intra-articular hip pathology;
however, most athletic-related injuries to the hip
in basketball players are extra-articular [62].
Intra- and extra-articular hip pathologies in basketball players are current topics of ongoing
research.

19.3.4 Core Injuries
19.3.4.1 Pelvis and Hip
Soft tissue injuries to the groin and hip are moderately common in basketball players. In a
16-year longitudinal study of injuries in men’s
NCAA basketball, “pelvis, hip, and upper leg”
injuries in the form of musculotendinous strains
and contusions accounted for approximately
10% of game-related injuries and 11% of injuries sustained in practice [25]. In all data, thigh
injuries were more prevalent, specifically musculotendinous strains and contusions to the
adductor, rectus abdominis, hamstring, and
thigh (quadricep) muscle groups [21, 25, 31].

19.3.4.2 Lower Back
Lumbar spine injuries are relatively common in
basketball players and account for a substantial
proportion of missed games. Interestingly, a large
percentage of these injuries are classified as
“muscle strains” since this is the most common
presenting symptom. Muscle strains and contusion present with back pain without radiation to
the lower extremities and are treated conservatively. Unless a player has radicular symptoms
indicative of a symptomatic herniated disk, magnetic resonance imaging plays a limited role in
lower back injuries.
In young athletes, pars interarticularis defects
are an important source of lumbar pain. Pars
defects with or without resultant spondylolisthesis can be detected on plain films and are frequently diagnosed by advanced imaging. Careful
evaluation of the posterior spinal elements (especially L5) is critical.
In the NBA, lumbar spine injuries accounted
for 6.8% of all injuries over a 10-year period.
This translated into 11% of all days missed by a
player for an injury. Cervical spine injuries
accounted for 1.3% of the injuries, followed by
sacral spine injuries (0.6%), and thoracic spine
injuries (0.5%) [20].

19.3.5 Upper Extremity Injuries
19.3.5.1 Hand Fractures
Injuries of the hand and lower arm predominate
over injuries to the shoulder and elbow. Injuries
to the hand can be particularly devastating to
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b asketball players since dominant and nondominant hand function and dexterity are critical to
play.
The fingers and thumb represent the most
likely site of an acute orthopedic fracture in
basketball players. In 2017, Morse et al. published a study assessing players on the inactive
list (IL) who missed games due to hand injury
or those who underwent surgery as a result of
hand injury. One hundred and thirty-seven
injuries were identified with 71.5% of the injuries occurring to the fingers and 28.5% of the
injuries occurring to the hand [63]. Per the
authors’ findings, there are major injury patterns to the hand in NBA players: thumb ligament tears (e.g., ulnar collateral ligament
injuries) [21, 63], metacarpal fractures, and
phalangeal fractures. There was no relationship found between injury type and position
[63].
The proximal interphalangeal (PIP) joints are
the most frequently injured sites. At the PIP, injuries can occur to the joint capsule and can result
in the disruption of ligaments and tendons as well
as intra-articular fractures. Volar dislocation or
forced flexion at the PIP joint can lead to acute
rupture or chronic attenuation of the triangular
ligament at the distal end of the central slip. Such
injuries are common in basketball players [64].
Injury leads to a boutonniere deformity, in which
lateral bands migrate volarly with resultant PIP
joint flexion and hyperextension at the distal
interphalangeal (DIP) joint.
At the DIP joint, terminal extensor tendon
and flexor digitorum profundus (FDP) tendon
injuries, as well as fracture/dislocations, have
been reported [65]. Though more common in
baseball, mallet finger injuries (the disruption of
the terminal extensor tendon from the distal
phalanx) often occur in basketball as a result of
the ball jamming the fingertip [66]. Forceful
hyperextension of the DIP joint leads to FDP
avulsion, as seen with a jersey tearing away
from a finger. This injury is most commonly
seen in football and rugby players; however, it
can also be seen when a player gets his or her
finger caught on a basketball net. Additionally,
“dunk lacerations” can occur secondary to the
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impact of a player’s hand with sharp edges of
the rim or with the flange connecting the rim to
the backboard [67].
As mentioned previously, injuries to the metacarpophalangeal (MCP) joints also occur, most
commonly in the thumb with ulnar collateral ligament (UCL) injury. The mechanism of injury
for thumb UCL injuries is abduction moment at
the thumb MCP joint, which occurs most frequently with falls onto outstretched hands with
the thumb abducted. Carpometacarpal (CMC)
dorsal dislocations are more common on the
ulnar side of the hand.

19.3.5.2 Shoulder
Shoulder injuries are relatively uncommon in
basketball. At the high school level, the incidence
of shoulder injuries during two seasons was 0.47
injuries per 10,000 exposures for boys and 0.45
injuries per 10,000 exposures in girls [68]. In the
NBA, the most frequently identified shoulder
injury diagnoses were “glenohumeral sprain,”
“acromioclavicular joint sprain,” and “rotator
cuff inflammation” [20].

19.3.6 N
 on-Orthopedic Injuries and
Illnesses
A detailed review including epidemiology of
non-orthopedic injuries is beyond the scope of
this chapter. However, it is important to note the
impact of non-musculoskeletal pathologies with
regard to the athlete’s overall health.
Injuries to the head, face, and neck often occur
with a collision. Such injuries including nasal
and facial fractures, eye injuries, and dental injuries made up to 13.6% of high school basketball
injuries [69]. Nasal fractures represent 1.5% and
1.7% of injuries in the NBA and men’s NCAA
basketball, respectively. Eye injuries include eyelid lacerations, corneal abrasions, and severe
orbital fractures with injury to the globe [70].
Orofacial (including dental) injuries are common
in basketball [70]. In intercollegiate athletes,
Cohenca et al. found a fivefold increase in risk
for dental trauma in basketball players compared
to football players. Authors speculate that this
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finding is due to mouth guard protection in football [71].
In collegiate women’s basketball, concussions
accounted for 6.5% of all injuries during games
and 3.7% of injuries during practice [24]. Players
were three times more likely to sustain a concussion during a game versus in practice. Concussions
were less frequently reported in men’s NCAA
competition (3.6% during games) [25] and in the
NBA [20].
With respect to medical, non-orthopedic
causes of missed games in basketball athletes,
skin infections and illnesses related to the upper
respiratory tract, gastrointestinal (GI) tract, and
the eye were the most common.
Among all high school athletes, skin infections that resulted in time loss were reported at an
incidence rate of 2.27 per 100,000 athlete exposures with the largest number occurring in wrestling (73.6%), followed by football (17.9%) [72].
Boys’ basketball made up 1.9% and girls’ basketball made up 0.6% of the skin infections [72].
Skin infections among boys’ basketball players
were primarily bacterial in origin (>50%), with
the remaining consisting of tinea lesions (~20%)
and unspecified organisms (>20%) [72]. The
body part affected was not reported specifically
for basketball, but among all athletes, skin infection occurred most commonly on the head/face
(25.3%), followed by forearm (12.7%), upper
aspect of arm (8.0%), lower leg (7.0%), knee
(6.8%), and thigh/upper leg (5.7%) [72]. Return
to play varied, but the most common timeframe
was within 3–6 days following identified infection. Minimal data was available for professional
basketball, but it was reported in the NBA that
dermatologic problems occurred in less than 5%
of athletes, accounting for less than 1% of games
missed [20]. Data among collegiate-level athletes
was not found.
Upper respiratory infection accounted for
16.7% of all injuries and illnesses in the NBA,
second only to sprains (20.9%) [20].
Gastrointestinal, dental, and eye problems
accounted for less than 6% combined resulting in
less than 2% of games missed [20]. There was a
report of an H1N1 influenza outbreak among
professional basketball athletes from 18 different

countries (218 teams, 3024 players) during the
2009 H1N1 pandemic [73]. Among 29 teams in
the USA, five cases were reported, and it was
found that the number of players per team presented as a borderline risk factor for the emergence of H1N1 cases (OR = 1.19, 95% CI:
1.00–1.41, p = 0.056) [73].
Stress may also contribute to illness and
games missed. In a study on women’s collegiate
basketball athletes, a moderately positive correlation was found between strain (overall stress
demanded on the athlete for a period of a week)
and monotony (defined as the variability of practices for the entire season) [74]. However, no correlation existed between the number of illnesses
in relation to weekly training loads. More illnesses were reported during midterm exams and
at the completion of the semester, which suggests
that other life stressors play a role in collegiate
athletes but not necessarily physical demand
itself [74].
Lastly, and most importantly, health-care providers should understand the risk of sudden cardiac death (SCD) in basketball players of all
ages. In most cases, SCD in basketball players is
the result of a congenital or structural anomaly
such as hypertrophic cardiomyopathy, Marfan
syndrome, or myocarditis [75]. SCD is often
reported in young athletes at the high school and
collegiate level [76]. Prevention requires an
awareness of all health-care professionals taking
care of athletes and careful medical screening in
prospective players [77].

19.4

Conclusion

Basketball is one of the most popular sports in
the world with participation from all age and skill
levels. Despite the numerous benefits to playing
such a team sport, basketball players are prone to
certain types of injury. The most common injuries experienced by a basketball player are those
of the lower extremity, specifically the ankle. The
understanding of basketball injury epidemiology
is an important step in the development of
evidence-
based interventions and education
aimed at injury prevention.
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Head, Neck, and Face Injuries
in Basketball
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Nathan McMurray, Gary E. Means,
and Thomas Stocklin-Enright

20.1

Facial Injuries

Between 3% and 29% of all facial injuries are the
result of playing sports. Though basketball is
technically not a contact sport, inadvertent falls,
collisions between players, and impacts with the
ball result in facial injuries. Head to head impact
and elbow strike to the face are common mechanisms of facial fracture [1]. Facial injuries are the
third most common area of injury among United
States high school athletes with declining prevalence of facial injury at the collegiate and professional levels [2]. Many of these injuries can be
easily treated courtside or in the training room,
but some will require emergent transfer to a
higher level of care.

20.1.1 Nasal Injury
Nasal injuries in basketball include nasal bone
fracture, septal hematoma, nasal laceration, and
common epistaxis. Following a nasal injury, it is
important to ensure there is not concomitant air-

way compromise, concussion, eye injury, or leakage of cerebrospinal fluid [3]. The nose has
extensive arterial blood supply from branches of
both internal and external carotid arteries.
Sensation is supplied through branches of the
fifth cranial nerve.

20.1.2 Nasal Bone Fracture
Fracture of the nasal bones is common in noncontact sports. Nasal bone fractures are the most
common type of facial fracture [4]. Physical
examination of an athlete with a suspected nasal
fracture should include the following: careful
observation of the nose from multiple angles to
inspect for deformity, palpation of bony vault to
assess for crepitus or step-off, and observation
for septal deviation, mucosal laceration, epistaxis, or clear-fluid leak. High-resolution ultrasonography can be considered for courtside
evaluation of nasal fractures. Ultrasonography
has been shown to be superior to plain radiographs in detecting nasal fractures [4].
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Description of nasal fractures
Laterality
– Unilateral
– Bilateral

Fracture type
– Open vs closed
– Displaced vs
nondisplaced
– Simple vs
comminuted

Nasal bone fracture
position
Septal fracture
– Cartilaginous
– Deviated from
– Bony septal
midline
fracture
– Medial vs lateral
– Impacted or
telescoped
– Open book (lateral
splay of nasal bones)

Fracture of adjacent facial bones
– Orbital rim
– Nasoorbitoethmoidal
– Midface fracture involving
zygoma or maxilla
– LeFort-type fracture
– Mandibular fracture

Adapted from Marston et al. (2017)

Nasal bone fractures can be reduced immediately by an experienced courtside physician.
Evaluation by the surgeon should take place
approximately 3–5 days following injury [3].
This delay allows reduction in post-injury swelling and facilitates a better examination by the
surgeon. Immediate manual reduction in an isolated, minimally displaced nasal fracture is an
option. In this case, the physician can apply
medially directed, broad pressure with the
thumbs along the lateralized portion of nasal
bone until satisfactorily reduced. The attempt at
reduction should stop if the patient cannot tolerate the procedure or satisfactory results cannot be
obtained and the patient should be referred to a
surgeon. Analgesia with intranasal pledgets
soaked with lidocaine and oxymetazoline as well
as infraorbital nerve block will improve tolerance
of closed reduction procedure [5]. Nasal fractures
continue to have significant mobility for at least
2 weeks following injuries, and many surgeons
recommend 6–8 weeks prior to return to sport.
Facial protective devices may provide adequate
protection from reinjury and can potentially
allow a player to return earlier once initial swelling has resolved [3, 6].

20.1.3 N
 asal Laceration, Epistaxis,
and Septal Hematoma
Nasal lacerations should be copiously irrigated.
Superficial skin lacerations can be primarily
repaired with fine (5-0 or 6-0) nonabsorbable
suture. Care should be taken to determine depth
of laceration and involvement of cartilage and
intranasal mucosa. Deeper lesions will require

layered closure and should be performed by clinicians skilled in those techniques [4].
Septal hematoma is a potential injury that
should not be missed during evaluation. A septal
hematoma is a collection of blood in between the
septal cartilage and perichondrium; this hematoma separates the cartilage from its nutrient
source leading to septal cartilage avascular necrosis if uncorrected within 3 days. Septal cartilage
avascular necrosis can lead to significant morbidity including septal abscess, septal perforation, or
cosmetic deformity (saddle nose, columellar
retraction, and nasal base widening) [4].
Inspection of the nasal septum should be performed with adequate lighting and preferably a
nasal speculum. Septal hematomas appear as
large blue- or purple-colored areas of fluctuance
on one or both sides of the nasal septum [3].
Drainage of a septal hematoma needs to be performed by an otorhinolaryngologist or other
skilled physician within 2 days of injury [3].
Epistaxis is very common following a blow to
the nose. It most commonly occurs as a result of
injury to Kiesselbach’s plexus in the anteroinferior aspect of the nasal septum. Bleeding can be
controlled by placing direct pressure distal to the
nasal bones for 15 min. Ice packs applied to the
face and nose may assist with controlling the
bleeding. The application of anterior packing
soaked with decongestants (i.e., oxymetazoline
or phenylephrine) may help control persistent
bleeding [7]. Athletes may return to play once
bleeding is controlled. Uncontrolled anterior epistaxis or posterior epistaxis may require placement of a nasal balloon catheter or posterior
packing. Additionally, uncontrolled bleeding
may require transfer to emergency department
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for thrombogenic aids and possible surgical
intervention [7].

20.1.4 Facial Fractures
Fractures to the midface are uncommon injuries
in basketball [1, 7, 8]. Examination should
include palpation of the infraorbital rims. The
zygomatic arches should be examined for widening of the midface, which can be associated with
fractures. The maxillary teeth should be grasped
and distracted to assess for any maxillary instability [7]. Any crepitus or deformity should
prompt referral to an emergency department
capable of appropriate imaging and surgical
management. Mandibular fractures are also
uncommon in basketball. If suspicion for mandibular injury exists, the athlete should be examined for mandibular tenderness, malocclusion,
swelling, trismus, and intraoral bleeding.
Examination of the teeth may reveal palpable and
visible step-offs [7]. Mandibular fractures should
be referred to oral and maxillofacial surgery for
reduction and fixation [7]. Mandibular fractures
typically require at least 8–12 weeks to heal prior
to return to sport. A custom fabricated mouthguard may allow return to sport on the earlier end
of that spectrum [7, 9]. It is unclear whether custom or over the counter face shields provide adequate protection of unhealed maxillofacial
fractures [6].

20.1.5 Dental Injuries
Dental injuries are relatively common in basketball compared to other sports [10]. The aim of
treatment for dental injuries include retaining the
tooth in the dental arch, maintaining viability of
dental pulp, preventing root resorption, and
restoring tooth to form, function, and aesthetics
[11]. Superficial injuries to teeth such as chips or
fractures in enamel typically are not painful.
These injuries can be returned to play with a
mouthguard and routine referral to dentist for
possible repair of damaged tooth. Deeper injuries
to teeth involving the dentin or pulp typically are
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associated with pain and risk the viability of the
involved tooth. An attempt should be made, pain
permitting, to align loose or displaced teeth prior
to referral to a dentist. Completely avulsed teeth
should promptly be replaced if possible. The
avulsed tooth should be handled gently by the
crown, taking care not to manipulate the root in
any way. The avulsed tooth should be mildly
washed with sterile saline solution prior to
attempted reimplantation within 15–20 min. The
reimplanted tooth should be splinted with available materials (aluminum foil, gum, putty, etc.)
until patient can be seen by a dentist. If the tooth
cannot be reimplanted, then it can be transported
to the dentist in Hank’s balanced salt solution
(Save-A-Tooth), cool milk, saliva, or normal
saline [11].
Lip lacerations are also relatively common.
Simple lacerations can be repaired following irrigation with interrupted sutures. If bleeding is
controlled, then athletes may resume play.
Lacerations crossing the vermillion border of the
lip should have close approximation of the border. This suture should be placed first to ensure
alignment. Lip sutures are generally removed
after 5 days to ensure a cosmetic result.
Lacerations to the tongue should also be repaired
with close attention to margin approximation to
avoid a bifid appearing epithelial cleft [11].

20.2

Ocular Injuries

Approximately one-third of all eye injuries sustained in the United States is related to sport [12].
Given the contact nature of basketball, traumatic
ocular injuries are relatively common, with an
estimated incidence of 1 injury per 10 athlete
years in NCAA men’s college basketball players
[13]. In fact, among all sports, basketball is the
most common cause of ocular injuries, accounting for 22.6% of total sports-related ocular
trauma, ahead of baseball and softball, which are
second and third, respectively [14]. Most injuries
are due to direct trauma from the hands or elbows
of other players. A thorough physical examination is key to accurately diagnosing these injuries. Most common ocular injuries in basketball
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include eyelid lacerations, periorbital contusions,
and corneal abrasions. Less common injuries
include traumatic hyphema, globe rupture, and
orbital fractures [15]. Some injuries can be managed on the court, while others require more in-
depth evaluation in a clinic or emergency
department setting. Some injuries will require
referral for ophthalmology evaluation.

20.2.1 Eyelid Lacerations
Facial lacerations are a common occurrence in
basketball. Simple eyelid lacerations can be
repaired in standard fashion by medical personnel; however, eyelid lacerations must be carefully
investigated on physical examination to assess
for complicating factors which would require
referral. Lacerations involving the eyelid margins, tarsal plate, levator palpebrae muscle, orbicularis oculi muscle, orbital fat, lacrimal sack, or
lacrimal duct should be referred for
ophthalmology evaluation, as many of these injuries will require microsurgery in the operating
room [16]. A course of antibiotics is typically
indicated perioperatively.

20.2.2 Periorbital Contusion
Direct trauma to the eye often results in periorbital
contusion. While this condition is benign, medical
personnel should rule out complicating factors,
such as injury to the globe or facial fractures,
including orbital or midface fractures. Physical
examination should include testing of ocular
motion and visual acuity as well as palpation of
the orbital rim and midface to assess for the presence of fractures. If no complicating factors are
present, the athlete may generally return to play
without restriction. Management includes icing
and anti-inflammatory medication as needed.

20.2.3 Corneal Abrasions
Corneal abrasions are most frequently caused by
trauma from another player’s finger. These inju-

ries are more common in women’s basketball
compared to men’s basketball, which may be
related to fingernail length [17]. Diagnosis is
made by fluorescein dye staining of the cornea
and visual inspection under Wood’s lamp. Most
corneal abrasions heal without complication
within 72 h. Small abrasions can be treated with
ophthalmologic ointment for comfort. Large corneal abrasions and corneal abrasions in athletes
who wear contact lenses should be treated with
antibiotic ointment. Contact lenses should not be
worn until corneal abrasion has healed. Large
corneal abrasions causing decreased visual acuity
should be referred for ophthalmology follow-up.

20.2.4 Orbital Fracture
Orbital fractures are uncommon injuries in basketball; however, they still comprise a significant
proportion of total maxillofacial fractures. One
study showed that orbital fractures accounted for
17% of all maxillofacial injuries across all sports
[18]. Orbital factures most commonly involve the
orbital floor. Medial floor involvement is also
quite common. These fractures are colloquially
referred to as “blowout” fractures. Athletes with
orbital fractures often have periorbital ecchymosis, orbital rim tenderness or step-offs, and pain
with extraocular movements. Limited upward
gaze suggests entrapment of the inferior rectus
muscle. Proptosis and visual changes suggest retrobulbar hematoma. All athletes suspected of
orbital fracture should be referred urgently for
ophthalmologic and maxillofacial evaluation as
they require surgical consideration. These athletes should be advised to wear facial protection,
such as a rigid, transparent face shield, while participating in sport until fractures are completely
healed.

20.2.5 Traumatic Hyphema
Direct trauma to the eye can cause shearing of
microvasculature in the anterior chamber of the
eye, which can result in a hyphema. Traumatic
iritis is the most common cause of hyphema.
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Physical examination will reveal layering of
blood in the anterior chamber between the cornea and iris. Initial management should focus on
the management of the athlete’s symptoms
using analgesics and antiemetics. Other suggested management strategies, including application of eye patch, use of cycloplegics, and
avoidance of laying supine, have been suggested
but lack evidence [19]. Most hyphemas will
resolve with no intervention. However, these
injuries should all be referred for ophthalmology evaluation, as a minority will be complicated by re-bleeding, staining of the cornea, and
optic nerve atrophy [20].

20.2.6 Globe Rupture
Globe rupture in basketball is typically caused by
high force blunt trauma. These injuries can be
challenging to diagnose, as the ruptured portion
of the globe is not also visible. Pain, visual loss,
hyphema, pupil irregularity, and 360° subconjunctival hemorrhage should raise concern for
possible globe rupture [21]. Seidel testing is
often positive, as indicated by the application of
fluorescein dye with subsequent leakage from the
globe. CT imaging can confirm the suspected
diagnosis. These patients should be immediately
fitted with a rigid eye shield. Anti-emetics and
analgesics should also be administered expeditiously, as Valsalva maneuvers, including vomiting, can potentially worsen the injury.
Manipulation of the eye should be kept to a minimum. Emergent ophthalmologic consultation is
indicated for all suspected globe injuries as they
typically require operative repair. Delay in repair
may be complicated by infectious endophthalmitis, which can lead to long-term visual deficits,
including blindness.

20.3

Ear Injuries

Although not thought of as a major source of
injuries in basketball players, ear injuries do
occur and the sports physician should be equipped
to manage the most common injuries. The major-
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ity of ear injuries in basketball players are traumatic in nature and include ear lacerations and
auricular hematomas. Tympanic membrane perforations are rare but have also been reported
[22]. Recognition of complicating factors and
subsequent referral for otolaryngology evaluation should be a priority.

20.3.1 Auricular Hematoma
Auricular hematomas occur when blunt trauma
to the auricle, or pinna, of the ear results in the
accumulation of blood in the subperichondrial
space. As the perichondrium supplies the auricular cartilage with nutrients, auricular hematomas
can lead to compromise of the auricular cartilage,
which can result in cartilage infection and necrosis. Necrosed cartilage is subsequently replaced
by fibrocartilage, which leads to the tissue deformity commonly referred to as “cauliflower ear.”
Management of this condition is drainage of the
hematoma, which can be performed either by
scalpel incision or by needle drainage although
the latter method can be difficult once the hematoma coagulates. After the hematoma is drained,
a bolster dressing should be sutured in place for
1 week to prevent reaccumulation of the hematoma. Bolsterless techniques, including use of
magnets, have also been suggested, although
these
are
less
commonly
employed.
Complications are uncommon, and these injuries
rarely require specialty referral [23].

20.3.2 Ear Lacerations
Simple ear lacerations can typically be repaired
in the usual fashion by the sports physician.
However, concomitant injuries including middle ear injuries and skull and facial fractures
must be ruled out. Referral to otolaryngology
or plastic surgery should be considered in the
presence of complicating factors, including
extensive skin or cartilage injury. Although
facial lacerations in general have low incidence
of infection, ear lacerations, particularly ear
lacerations with cartilage involvement, should
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be treated with a course of antibiotics in addition to repair.

20.3.3 TM Perforation
Tympanic membrane perforation, also referred to
as ear drum rupture, is common in certain sports,
particularly aquatic sports; however, it is relatively rare in basketball. The mechanism of injury
in basketball is typically a direct blow to the ear.
Diagnosis is made by direct visualization using an
otoscope. The most common site of rupture is the
pars tensa. Small perforations can be managed by
most medical personnel. Treatment includes analgesics and avoidance of water in the affected ear.
Large perforations, classically described as
involving 25% or more of the total surface area of
the tympanic membrane, and perforations complicated by infection or hearing loss should be
referred for otolaryngology evaluation. Small,
uncomplicated perforations should heal without
intervention in as little as 2 weeks and within
6 weeks [22]. Antibiotic ear drops are typically
only indicated in cases of concurrent infection.

20.4

Neck Injuries

Neck injuries in basketball can range from simple
muscular strains to catastrophic spinal cord injuries
(SCI). Head or neck injuries in NCAA basketball
comprise 13.9% of injuries sustained across all
NCAA sports, with the majority of these injuries
being ocular or maxillofacial [24]. The incidence
of upper extremity injuries in NCAA basketball is
less common, 40%, relative to lower extremity
injuries, which account for 60%. The sections
below detail common neck injuries, as well as a
brief description of spinal cord injuries (SCI) preparedness and management. In-depth description
of specific cervical fractures is not discussed in this
chapter as it is beyond the scope of this text.

20.4.1 Neck Strains
The incidence of neck strains in basketball is
unknown, which may be due to underreporting.

Players may develop the injury from a single
acute event or a compensatory mechanism. The
acute mechanism is usually from muscular
stretch. Resulting neck pain may worsen over the
next several days. Neck pain has a broad differential and a thorough history and physical examination are warranted by medical personnel. Any
player suffering from this type of injury will usually complain of unilateral pain that is located
lateral to the cervical spinous processes and not
associated with any distal radiation or upper
extremity weakness. If these symptoms are present, one must consider cervical spine injury,
which is discussed later in the chapter.
Upon examination of a neck strain, the examiner may find increased hypertonicity, tenderness
to palpation, and range of motion may be
decreased unilaterally. A thorough neurologic
exam including testing of gross sensation, muscular strength, and cranial nerve function is warranted. If neurologic testing is negative,
mechanism of injury is low energy, and no additional red flags are present, imaging is not typically warranted. NEXUS criteria, a decision aid
for cervical imaging in trauma, may be used to
determine the need for imaging. NEXUS includes
five criteria to rule out the need for imaging if
negative; these include absence of posterior cervical midline tenderness, painful distracting
injury, focal neurologic deficit, intoxication, or
altered mental status [25].
When considering the differential for neck
pain, one can rule out many red-flag diagnoses;
however keeping the differential broad will
ensure these are not missed. A broad differential
includes fracture (i.e., pars, spondylolysis, or
spondylolisthesis), muscular strain, ligamentous
disruption, brachial plexus injury, nerve entrapment, thoracic outlet syndrome, vascular disruption, or infection. Once these have been ruled out
and the player is diagnosed with a cervical strain,
treatment may be initiated. Conservative therapy
is usually effective for cervical strains. This
includes application of ice during the acute phase
for 24–48 h, motion restriction to non-tender
range of motion, and use of anti-inflammatory
medications. The initial goal is pain control
which is followed by return to non-painful range
of motion and gentle stretching, which can then
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be followed by gradual return to full range of
motion. Once full range of motion is achieved
and non-painful, the player can begin to return to
full participation while continuing to work on
strengthening the cervical paraspinal musculature [26].

20.4.2 Cervical Spine Injuries
Spinal cord injuries can be life threatening, yet
rarely occur in basketball. In the United States,
approximately 9% of spinal cord injuries (SCIs)
are sports-related [27]. Nonetheless, adequate
recognition of the injury and subsequent treatment are vital to athlete’s safety. Thorough preparation and prompt recognition of SCIs are keys
to proper management if the situation arises
where there is a concern for SCI. The following
section offers a brief description of key management preparation and execution when SCI is
suspected.

20.4.3 Emergency Action Plan
Prior to encountering a scenario where SCI is
suspected, medical personnel caring for a sports
team should develop an Emergency Action Plan
(EAP). The EAP is focused around communication of the plan for catastrophic events (i.e., cardiac, pulmonary, or SCI events). This plan
ensures that in the case of SCI on the court, all
team member know their role, especially when
spine boarding an athlete. A detailed map of the
facility entrances, exits, emergency vehicle route,
and location of automated external defibrillators
(AEDs) is crucial. With these plans in place and
all medical personnel aware, the medical team
will be prepared to efficiently execute care in
these crucial situations.

20.4.4 On-Court Management
If the situation arises where there is concern for
SCI, the EAP will be initiated. The initial evaluation of player involves Basic Life Support (BLS)
principles. This means ensuring the patient has a
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patent airway, is actively breathing, and has adequate circulation. Once these are addressed, the
medical staff may begin utilizing Advanced
Cardiac Life Support (ACLS) or Advanced
Trauma Life Support (ATLS), depending on the
situation. In addition, a thorough neurologic
examination will be included in this portion of
the exam. Given these principles of evaluation, it
is important to ensure courtside personnel are
trained in BLS as well as ACLS and ATLS. After
prompt immobilization, patients with suspected
unstable cervical fractures or spinal cord injuries
should be transported to the nearest emergency
department for advanced imaging. Immobilization
techniques vary among institution, yet the 6-man
lift is favorable to the log roll for immobilization
[27]. Removal of equipment prior to transport is
also variable among institutions, and it is recommended that medical teams discuss their approach
while organizing their EAP. On the basketball
court equipment is limited; however, players may
still be wearing facial protection. Further definitive treatment will depend on the advanced imaging results.

20.4.5 Return to Play (RTP)
Athlete return to play following SCI is case-
dependent. Brachial plexopathy, referred colloquially as “stingers,” are not frequently
encountered in basketball. These types of injuries
are well studied with well-established return to
play protocols. SCIs, however, are based upon
the extent of the spinal cord involvement and the
sequelae experienced by the athlete. Return to
unrestricted play following SCI is not well established in the literature, given the wide variability
of sequelae [28]. Therefore, a team approach and
shared decision-making with the athlete would
likely be best until further return to play criteria
are developed.

20.5

Conclusion

Basketball players sustain minor injuries to the
head and neck relatively frequently. Courtside
medical personnel should be able to recognize
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and treat the most common head, neck, and face
injuries which occur in basketball, including epistaxis, facial lacerations, nasal bone fractures,
dental trauma, corneal abrasions, periorbital contusions, and neck strains. These minor injuries
can oftentimes be managed by courtside medical
personnel, and the player can subsequently be
returned to play safely. More serious injuries to
the head and neck are less common, but prompt
recognition and treatment can limit morbidity. To
this end, courtside medical personnel should also
be able to recognize and manage nasal septal
hematoma, maxillofacial fractures, globe rupture, cervical fractures, and spinal cord injury.
Emergency action plans should be utilized and
rehearsed regularly with incorporation of serious
head and neck injury scenarios. Medical personnel should avoid distraction from less serious
injuries as this may lead to under or delayed diagnosis of more serious head, neck, or facial
injuries.
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Fact Boxes

–– The mechanical force that causes SRC
can be from a direct hit to the head, or
from a hit to another area of the body
where the force is transmitted to the
head.
–– The symptoms from SRC can happen
immediately or evolve over time (minutes to hours).
–– There is a large range of clinical signs
and symptoms, and the resolution of
these is typically sequential.
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–– The diagnosis of SRC should be made
by a licensed medical professional.
–– All athletes should undergo pre-
participation evaluations along with
education on concussions prior to the
start of the season.
–– Studies have shown that delayed concussion reporting can result in a longer
return-to-play time versus immediate
reporting.

–– Although previously thought that athletes should rest until the symptoms of
concussion have resolved, new data
shows that sub-symptom exercise
should be incorporated after 24–48 h of
rest.
–– The Buffalo Concussion Treadmill Test
(BCTT) is when the athlete walks on a
treadmill with increasing speed and
incline until concussive symptoms
return—this heart rate is used to determine the target heart rate for the exercise prescription.
–– Prescribing subsymptom threshold aerobic exercise within 1 week of concussion results in a reduced incidence of
delayed recovery beyond 30 days.
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–– Persistent post-concussive symptoms
are symptoms that continue beyond the
expected recovery window (more than
2 weeks in adults, more than 4 weeks in
children).
–– Repetitive SRC can lead to increased
length of recovery, the possibility of
sustaining a concussion through a less
forceful injury, as well as increased
severity of the concussive symptoms.
–– CTE is considered a progressive neurodegenerative disease and with symptoms including behavior and mood
problems and impaired cognitive function, and there is currently no direct link
between it and concussions.

21.1

Introduction

Sport-related concussion (SRC) has become an
important topic of concern for the public, media,
and sports medicine physicians alike. Large
sporting bodies are turning to medical professionals including physicians and researchers to
lead the way in keeping athletes safe while participating in sport. SRC is associated more so
with sports such as football or ice hockey; however, youth league through the professional-level
basketball athlete is also at risk. This chapter will
focus on SRC in basketball.

21.2

Description/Definition

The definition of SRC has been evolving for
50 years [1]. The separation of SRC from concussion due to other causes, such as motor vehicle
collisions, has been important to both sports
medicine physicians and sport governing body
organizations so that appropriate guidelines for
keeping athletes safe can be determined. The
most recent definition as discussed at the fifth
International Conference on Concussion in Sport
places SRC on the spectrum of traumatic brain
injury (TBI), the cause of TBI being induced by a

biomechanical force [2]. This, however, does not
describe what is actually known regarding what
is happening in the brain. Current research is
focused on the following areas of the definition
including structural change, physiologic change,
and grading of severity [1–3]. The current definition was founded using expert opinions, the lowest level on the hierarchical system of classifying
evidence when practicing evidence-based medicine [4].
Common features have been found in the literature that can be helpful in further defining
SRC. These include the following:
• The mechanical force that causes SRC can be
from a direct hit to the head, or from a hit to
another area of the body where the force is
transmitted to the head.
• SRC has not been shown to result in a structural change on imaging studies and therefore
is thought to be more of a physiological
disturbance.
• The symptoms from SRC can happen immediately or evolve over time (minutes to hours).
• There is a large range of clinical signs and
symptoms (could or could not involve loss of
consciousness (LOC)), and the resolution of
these is typically sequential.
• These signs and symptoms cannot be
explained by drug, alcohol, medication use,
other injuries, or other comorbid conditions
[1–3].
The two main focuses of the definition are on
the areas of biomechanics and clinical signs and
symptoms [1–3]. Discussed in further detail in
the below section on pathogenesis, most of the
biomechanical data that we currently have are
from studies done using helmet-based technology. Using this technology, studies are focusing
on impact location, linear and rotational acceleration, and head motion [5]. Unfortunately, at the
current time the data from these studies varies
widely and has not been able to be used as part of
the diagnostic process. At some point, this data
will also have to be extrapolated to the multitude
of sports where concussions occur on a frequent
basis and there is no use of helmets—including
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basketball. The clinical signs and symptoms of a
concussion are also widely variable, further complicating the ability to both define and diagnose
SRC. Clinical signs typically involve physical,
cognitive, and emotional symptoms that can vary
both in presentation and severity. Creating a set
of clinical criteria would be an important step in
providing some clarity to a confusing disease
process.

21.3

Epidemiology

SRC has been reported to affect about 300,000
Americans every year, the majority occurring in
children and adolescents less than 20 years old
[6]. This is thought to be an underestimate due to
the difficulty in identifying SRC and subtle injuries. There have been studies done that show
around 10% of adolescent non-athletes sustain
concussions in comparison to 20% of adolescent
athletes; however, this number varies depending
on the source [7]. Data in the years leading up to
2011 reported around 11.6 million American
children were playing the sport of basketball [6].
The number of male and female athletes participating in high school basketball has stayed fairly
stable over the 10 years from 2005 to 2014, while
the number of collegiate athletes has increased
over this time [8].
Basketball is typically listed in the top 5 for
incidence of concussion when classified by
sport [9–11]. This information has been able to
be obtained due to the start of Web-based sports
injury surveillance programs across multiple
levels including high school and the
NCAA. When reviewing the current literature
on concussions for high school basketball from
2005 to 2014, injury rate for practice in girls
was 0.11 (injury rate/1000 AEs) and competition 0.74, whereas for boys was 0.08 and 0.33,
respectively. This puts concussions at the fourth
and fifth leading cause of injury in practice for
both girls and boys high school basketball
behind ligament sprains, muscle/tendon strains,
and fractures, and the second leading cause of
injury in competition behind only ligament
sprain [8, 12]. In collegiate basketball from
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2005 to 2014, injury rate for practice in women
was 0.35 and competition 1.00, whereas for men
was 0.45 and 1.26, respectively. This is similar
to what is seen in high school basketball with
concussion being in the top 5 leading cause of
injury in practice and again second to only ligament sprain in competition [8, 12]. This data can
be further divided into Collegiate by Division,
practices in preseason, regular season, and postseason; however, the data remain similar across
the board—concussions are consistently one of
the major causes of injury to basketball
players.
From 2006 to 2014, there were an average of
15 concussions per season in the National
Basketball Association [13]. Data looking at
athletes entering the WNBA combine from the
years 2000 to 2008, of 500 professional women’s basketball players 7.1% had suffered a concussion [14]. It is difficult to compare this data
to that of the NBA; however, it is known that
due to the longer NBA season, compared to collegiate basketball, that men’s professional basketball players are more likely to experience
injury [13].

21.4

Pathophysiology/
Biomechanics

The pathophysiology of concussion is not fully
understood at this time. Most of the studies performed have been done using animal models;
however, with the increased use of Diffusion
Tensor Imaging and Functional Magnetic
Resonance Imaging, more research has been able
to be performed including comparison studies of
imaging on animal models and humans [15]. It is
currently thought to include many events such as
neurometabolic changes, ionic flux and energy
mismatch, cerebral blood flow changes and even
pituitary dysfunction [15–17]. This cascade starts
at impact, with this impact being broadly defined
as being less severe than an impact that would
cause cranial fracture or hemorrhage, and with
the impact taking place on the head or elsewhere
on the body where the force is transmitted to the
head [2].
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This impact delivered to the brain leads to
acceleration and deceleration forces on the neuronal structures which set off a complex cascade
of neurochemical and neurometabolic events:
stretching of neuronal cell membranes and
axons, and unregulated outflow of ions through
what were once regulated ion channels. With the
release of neurotransmitters such as glutamate,
there is also simultaneous increase in the activity of the Na/K ATP-dependent pump to work to
return to ionic balance. Unfortunately, this
results in depleted energy stores with the
increased use of glucose, all of which is thought
to be the cause of post-concussive symptoms.
Often these are self-limited, but repetitive injury
could result in more prolonged deficits [15].
Along with this process, it is postulated that
there is an injury-
related decrease in resting
cerebral blood flow which adds to the energy
mismatch. This decrease in cerebral blood flow
has been shown in a few studies to return to normal as the athlete is recovering from post-concussive symptoms [16, 17].
Using the proposed pathophysiologic changes
discussed above, research is shifting into studies
looking at biomechanics to attempt to improve
the process of diagnosing concussions, staging
them by severity and creating appropriate return
to play protocols. Most biomechanical studies
have been performed in sports in which athletes
are wearing helmets because of the use of helmet-
based technology and sensor systems. These
studies look at the location of impact on the head,
frequency, and the motion of the head after
impact. Even when looking at large meta-analysis
studies of linear and rotational forces exerted by
certain impacts, there was difficulty in showing
that impacts above a certain force always resulted
in a concussion. There were many instances in
which extreme forces resulted in no diagnosis,
and lower forces resulted in a concussion diagnosis. Other factors that played into these studies
include the differences in forces when looking at
males versus females, as well as forces affecting
the pediatric versus the adult population. When
looking at the epidemiologic data reported on
concussions in basketball, there are many ways
that these concussions take place including player

to player contact as well as player to floor contact. The most common cause found in recent
studies is player to player contact, frequently
being elbow-to-head contact during rebounding
[5, 18]. Unfortunately, there are not a lot of biomechanical studies on player to player contact in
basketball to look at forces, impact location, and
motion after impact due to players not wearing
helmets. Some studies have looked into mouthguard technology as well as using human head
modeling to begin to gather data that could be
better extrapolated to sports without helmets.
Still yet are studies in the early stages of examining blood biomarkers [2, 3].
It is unlikely at this current time that we are
able to use this data in a meaningful way to help
with diagnosis, staging severity, predicting outcomes, or determining appropriate return to play.
Much more work is needed to be able to use this
data in the clinical setting, and especially in
sports not involving helmets, athletes of both
sexes, and athletes of all ages, such as
basketball.

21.5

Diagnosis

As discussed when examining the definition of
SRC, it is a complicated injury in which there is
no “one size fits all” group of symptoms athletes
present with, level of impact force is not black
and white, and there are also no proven diagnostic tests including imaging scans or blood work to
make a final diagnosis. In this section, we will
discuss how to recognize and make the diagnosis
of concussion from the sideline and in the office,
appropriate physical exam techniques and helpful tools that can be used to aid your clinical
judgment.
The diagnosis of SRC happens on the court,
ideally by a licensed medical professional. There
are many signs and symptoms that the medical
professional should be aware of observing athletes during practice and competition from the
sidelines. The diagnosis of concussion is difficult and currently based on clinical assessment
by the provider. There are many tools available
which are unvalidated and therefore medical
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p rofessionals will need to rely mostly on history
and physical exam.
Before the season begins, all athletes should
undergo a preparticipation physical evaluation,
and part of this should include a detailed concussion history and the presence of conditions such
as a learning disorder, ADHD, mood disorder,
headache disorder, and what medications the athlete is currently taking as these can complicate
both the diagnosis and management of SRC [2, 3,
19]. This should also include putting into place
an Emergency Action Plan (EAP) should a situation arise on the court where an athlete would
need immediate emergency services. There are
also baseline tests that can be performed which
include a symptom checklist, cognitive evaluation, and balance testing which is currently recommended by the NCAA for all athletes [19].
Baseline testing is helpful in some situations;
however, it is not considered the standard of care
for SRC. Part of the process of the preseason
evaluation should include educating athletes on
concussion including handouts with information
about concussions [3]. Most athletes do not
understand the risks associated with concussions
and want to do whatever they can to return to the
court with their teammates. Studies have shown
that delayed concussion reporting can result in a
longer return-to-play time versus immediate
reporting [20].
After an athlete has sustained an initial injury
concerning for concussion, they should be immediately evaluated for an injury that could require
a higher level of care. The evaluation should
focus on whether or not the athlete has lost consciousness, the development of tonic posturing, a
balance disturbance, or cervical spine trauma. All
of these would constitute an emergent situation
where the athlete should be immediately transported to the nearest Emergency Department as
outlined in your EAP. Other signs should also
signal transfer to a higher level of care including
a neurological deficit on your exam, recurring
emesis, and worsening headache or mental status
over time. It is important to remember that SRC
is an evolving process, and symptoms can change
over minutes to hours, highlighting the need for
serial examination.
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If there are no concerns for need for emergent
transfer, the athlete should be evaluated by the
medical professional on the sideline. Remember
that this sideline evaluation should be performed
with the goal of screening for a possible SRC,
and not making a final diagnosis. If after the
brief screening on the sideline, a concussion is
no longer suspected then the medical professional can determine the appropriate timing for
the athlete to return to play. As SRC is an evolving injury, serial exams can be performed prior
to making official decision on returning the athlete to the activity. If the sideline screening is
concerning for SRC, then a full evaluation
should take place in a quiet and distraction-free
environment such as the medical training room
or the locker room. It is important to remember
to be extremely cautious when making the decision to return to play from the sideline, keeping
the athlete from returning to the game or practice
if there is any slight suspicion for concussion is
important [2, 3, 21, 22].
After the athlete has been removed from play,
the evaluation should begin with a brief history of
the event from the athlete and whether or not the
athlete is experiencing symptoms such as a headache, feeling of being in a fog, or emotional symptoms (extreme anger, tearful). The athlete should
be evaluated for balance or gait unsteadiness,
slowed reaction times, drowsiness. Speech patterns and information processing should be
inferred during this time of general assessment. A
complicated aspect of the sideline diagnosis is the
need to rely on the athlete to provide honest
answers to symptom-based questions. It can be
helpful if there is concern from the medical professional about the athlete’s description of symptoms,
to move the athlete to a quiet area away from the
court, such as the locker room or training room,
and perform a more thorough exam. Also, if the
athlete is experiencing any of the previous listed
clinical findings and SRC is suspected, a full concussion assessment should be performed [2, 3, 21,
23]. Other important points to remember are that if
there is not a licensed medical professional at the
event, and SRC is suspected, the athlete should be
removed from play and not allowed to return until
evaluated by a medical professional. An athlete
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that has been diagnosed with SRC should never
return to activity on the same day as their diagnosis. This can be important in basketball where
teams could be playing in multiple games, or having multiple practice sessions in the same day.
If you are evaluating the athlete for the initial
encounter in an office-based setting, this should
include a comprehensive history of the injury as
well as initial symptoms and any change in symptoms since time of injury. The office-based physical exam should include some evaluation in the
domains of neurocognition, vestibular ocular
function, gait, balance, cervical spine, along with
a full neurologic exam. The above evaluation
should help the clinician confirm the diagnosis of
SRC versus other causes from similar symptom
combinations. If the athlete’s symptoms have
resolved, a discussion of return to learn/work as
well as return to graduated activity may be implemented. If the athlete’s symptoms are still present, it is important to provide guidance on
symptom trajectory, early treatment interventions, and continued abstention from sport.
Many clinical tools exist to aid in the diagnosis of concussion. There is currently no definitive
evidence on the performance of sideline tests, and
expert opinion is again the best level of evidence
we have in most areas of concussion evaluation and
treatment. Currently expert opinion leans heavily toward multimodal testing such as the Sport
Concussion Assessment Tool or SCAT, which is
currently in its fifth iteration (however important
to note that studies have not been done comparing this version to previous iterations to determine
superiority) [2, 3, 23–25]. Unfortunately, all sideline screening tools are laden with the high risk
of bias because of the marked heterogeneity in
diagnostic accuracy. Discussed below are some of
the most common and most studied concussion
assessment tools. These should always be used
in conjunction with good clinical judgment and
assessment by a trained medical professional.

21.5.1 S
 port Concussion Assessment
Tool (SCAT)
The SCAT has been around since the 2000s and
has gone through multiple revisions since that
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time with the most current being the SCAT5
which came about with the fifth International
Consensus Conference on Concussion in Sport.
The SCAT combines multiple approaches including an immediate/acute assessment section which
includes indications for emergency management,
a rapid neurological screen, a graded symptom
checklist, standardized assessment of concussion
(SAC) cognitive testing—immediate and delayed
word recall and repeat digits backwards,
Maddocks questions, balance assessment with a
modified Balance Error Scoring System
(mBESS). The SCAT5 is designed to only be
used by medical professionals as it is not designed
to be used separately from the assessment of the
athlete by the trained professional. There is a
component referred to as the Concussion
Recognition Tool 5 (CRT5) that has been developed for non-medically trained lay persons to
identify possible SRC. The SCAT5 should take
no less than 10 minutes to administer and is recommended for athletes aged 13 and older, with a
separate Child SCAT5 for athletes aged 5–12.
With changes to the word recall list and digits
backwards testing to increase the number of
words and proactively randomize the numbers
given, there are hopes that this will improve the
ceiling effect that is seen in older athletes, or athletes who have been rumored to memorize word
lists. Unfortunately, there is little information on
this test being used with athletes with disabilities,
or athletes that speak a language other than
English [2, 3, 24].

21.5.2 B
 alance Error Scoring System
(BESS)
The BESS is a test of balance which involves the
athlete completing three 20 second stance trials:
double leg (hands on hips with feet together), single leg (using nondominant leg with hands on
hips), tandem stance (nondominant foot behind
dominant foot) on both firm and foam surfaces.
The athlete’s eyes should be closed during the test
and errors are counted (opening eyes, hands coming off of hips, falling out of position, turning the
hips more than 30 degrees, and being unable to
return to the original position in more than 5 sec-
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onds). This test has been evaluated in studies in
basketball athletes of both genders and all ages.
There does seem to be differences in athletes testing ability dependent on sport (better performance
in sports where balance is extremely important to
performance such as gymnastics). It has been
shown to have moderate to good reliability [26].
The SCAT5 uses the modified version (mBESS)
without the foam surface component. It would be
prudent to use the full BESS protocol when available for greater diagnostic accuracy.

21.5.3 King-Devick Test (K-D)

231

the results obtained following SRC. A decrease
in score is seen following concussion, and
there has been some data showing that these
tests can be done at time points after resolution
of symptoms to determine if the athlete is
appropriate to begin return to play protocol
[31–34]. There has been debate to the test–
retest reliability and validity of computer-
based neuropsychological testing. Further
research is needed in this area to aid in the clinician’s appropriate use of when to test athletes and how to interpret the data in return to
play decisions.

The K-D test is a 2-minute test performed by the
athlete reading single-digit numbers that are displayed on cards or on an electronic tablet device. If
the time needed to complete this post-injury is longer than previous baseline testing, this indicates a
positive test and the athlete should be removed from
play. Studies have been done on basketball athletes
using the K-D test. Although there is some data that
there is a learning curve with improvement in time
after practicing the test to get a baseline, there is still
data that shows that an increase in length of time to
complete the test can be associated with increasing
likelihood of SRC [27–29]. A newer alternative to
the K-D test is the Mobile Universal Lexicon
Evaluation System (MULES). It uses two pages of
colored images and shows similar promise in longer
time needed to complete the series vs baseline is
indicative of possible SRC [30].

21.5.5 V
 estibular Ocular Motor
Screen Assessment (VOMS)

21.5.4 Computer-Based
Neurocognitive Testing

21.6

Tests such as the Immediate Post-Concussion
Assessment and Cognitive Testing (ImPACT),
Automated Neuropsychological Assessment
Matrix (ANAM), and the Concussion Sentinel
to name a few are computer-based tests that
generate a score over multiple domains including: attention span, working memory, sustained
and selective attention time, non-verbal problem solving, and reaction time, as well as a
symptom scale. They are typically used by
making a comparison of baseline test results to

Symptoms of SRC resolve spontaneously in the
majority of adults and older adolescents in around
2 weeks, with younger athletes typically taking
longer to recover with return to baseline around
4 weeks. It is important to discuss this with the
athlete to set expectations for the recovery process. [21, 22, 36]
The most common predictor of recovery is the
number and severity of acute and subacute symptoms following the injury, having more symptoms or more severe symptoms being closely

This is a rapid evaluation of vestibular and ocular function where the clinician evaluates smooth
pursuits, saccades, convergence, fixating on a
stationary object while moving the head side to
side and up and down, and standing while tracking a moving object by turning the head and
torso fully side to side. This test should take
around 5–10 minutes to administer. A positive
test is when the athlete reports symptom provocation such as worsening headache, dizziness, or
nausea after each assessment. This test can be
administered serially, over time, as there is no
ceiling effect and could be useful if there is a
reported worsening of symptoms with the serial
testing [35].

Management/Return to Play/
Return to Learn

K. Roberts et al.

232

correlated with a longer time to recovery.
Headache or depression following injury is a risk
factor that is often associated with increased
return to baseline with symptoms sometimes lasting greater than 1 month. The same is true for
athletes with a pre-injury history of depression as
well as migraine headaches. ADHD and other
learning disabilities have not been shown to result
in increased time to recovery; however, athletes
with these conditions could require increased
interventions when planning the return-to-learn
process [36, 37].
Some studies have been done to look at different treatment programs including multimodal
rehabilitation supervised by physical therapists
and vestibular rehabilitation. When reviewing
date on multimodal supervised rehabilitation,
which includes training in balance, musculoskeletal, aerobic, anaerobic, and sport-specific exercises, it is difficult to determine the benefits due
to a wide range of methods used and unclear conclusions on whether or not athletes that participated in this received benefit in decreased time to
returning to competition. Vestibular rehabilitation does have a large amount of positive evidence for improving symptoms; however, this
should be limited to athletes that are experiencing
specific vestibular deficits and should be targeted
toward these [20, 38, 39].
The NCAA, NBA, and WNBA all have concussion policies, protocols, and best practice
statements that are updated nearly annually. The
NCAA has declared a concussion best practice
statement and requires all member schools to
have a concussion safety protocol that aligns with
this. The NBA and WNBA both have policies that
include education to all athletes, coaches, and
training staff, appropriate evaluation and management, and return-to-play protocols [40–42].
After an athlete has been diagnosed with a
concussion, that athlete should not return to
activity on that same day, and should not begin a
return-to-play program until deemed appropriate
by a physician. The mainstay for managing SRC
has been prescribed rest until the athlete is
symptom-free. The idea being that rest should
ease discomfort during the recovery period and
also promote recovery for the brain by decreasing

demands. Athletes should be instructed to refrain
from both physical and cognitive activities such
as workouts, conditioning, weight training, physical education class, reading or other academic
work, and limiting screen time including TV,
computer, and cell phone use [2, 3, 39, 43].
Recent studies show that the old idea of “rest
is best” following concussions until symptoms
have completely resolved is not necessarily true.
The idea of early subthreshold aerobic exercise
individualized to every athlete suffering from
concussion now has a significant amount of data
touting its outcomes over those of complete rest.
It shows that prescribing subsymptom threshold
aerobic exercise within 1 week of concussion
results in a reduced incidence of delayed recovery beyond 30 days. It was also shown to be safe
when compared with a stretching intervention,
with no athletes experiencing worsening of
symptoms or prolonged recovery times. This is
done by performing an exercise tolerance assessment, the most widely used being the Buffalo
Concussion Treadmill Test (BCTT), at the initial
visit where concussion was diagnosed by a sports
medicine physician. A subsymptom threshold
exercise prescription should be written to target a
heart rate of 80% of what was achieved during
the BCTT (when the athlete began to develop
symptoms), for 20 min/day, 6–7 days/week. A
new heart rate can be determined weekly as long
as the participant remains symptomatic [43–46].

21.6.1 Return-to-Play (RTP)
Athletes should be seen and cleared by a physician prior to beginning an RTP protocol.
Following the 24–48 hours rest period, athletes
should begin with Stage One, symptom limited
activity, which includes return to normal cognitive and physical activities that do not exacerbate
concussion symptoms as well as a prescription
for subsymptom threshold exercise with the
BCTT as discussed above. For school-aged basketball athletes, this can include returning to
school activities such as class and home, discussed further in the Return-to-Learn section, as
well as walking to classes. Once concussion
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symptoms are resolved, the athlete can proceed
to the next level as long as he/she does not experience any return of concussion symptoms. Each
step should take around 24 hours, resulting in
completing the RTP protocol in around 1 week.
The athlete will go through a progression of
increasing physical demands and sport-specific

activities until completed without return of
symptoms. The RTP protocol should be individualized and monitored closely. Athletes should
appear back to their baseline function which for
some elite athletes could be at a higher level than
others [2, 3, 44]. An example protocol is outlined
below:

1

Symptom Limited Activity – Normal activities of daily living. subsymptom

2

Light aerobic exercise – Perform a controlled activity that increases heart rate

3

Basketball specific exercise – Basketball activities that increase heart rate

4

threshold exercise prescription.

such as: Walking outside or on a treadmill, riding a stationary bike.

without risk of contact. Dribbling exercises, shoot around, practicing free throws.

Non-contact Basketball drills – The goal at this stage is to increase

the level of coordination and thinking involved such as passing drills, going
through non-contact motion of offensive and defensive sets or out of bounds plays.

5

Full contact practice – Return to full contact basketball drills and paractice.

6

Return to Game

Similar steps should be followed in Returnto-Learn. The athlete should be able to return
to school without exacerbation of symptoms.
Modifications should be allowed for including breaks during the school day, reduced in
class and homework assignments, increased
time for completing assignments, testing in
quiet, distraction-free environment, limiting
the use of computers or other screens, avoiding loud places such as the cafeteria or music
class. It is important to remember that in athletes that are school-
a ged, return-to-learn
should take place prior to or simultaneously
with RTP (i.e., athletes should not be returned
to sport if they are unable to return to the
classroom) [2, 3].

21.7

Complications

There are multiple long-term complications that
can arise from SRC. Some of these include persistent postconcussive symptoms, the risks associated with repetitive SRC, and lower extremity
musculoskeletal injuries.
There are significant risks associated with premature return to play and delayed reporting of
symptoms including continuing to play after sustaining a concussion such as more severe symptoms and prolonged recovery. In a study that
looked at both basketball athletes as well as athletes from other sports, athletes that delayed the
reporting of their concussion symptoms had a
significantly increased number of symptoms,
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severity of symptoms, duration of symptoms, and
time lost to concussion. The immediate reporting
of symptoms and removal from play also
decreased head impacts taking place during the
acute period after the original injury [43, 47].
Postconcussion syndrome, or persistent postconcussive symptoms, is defined as symptoms
that continue beyond the expected recovery window (more than 2 weeks in adults, more than
4 weeks in children). These can have a significant
negative impact on the daily life of the athlete. It
was once recommended to continue complete
rest during this time; however, more recent data
has shown that subsymptom threshold aerobic
exercise could be more beneficial in aiding recovery. It has been used both in attempting to prevent
prolonged recovery as well as part of prolonged
recovery [45, 47].
Repetitive SRC can lead to increased length of
recovery, the possibility of sustaining a concussion through a less forceful injury, as well as
increased severity of the concussive symptoms.
Data has shown that athletes that have sustained
one concussion are three times more likely to
have another concussion. There has also been
data to show an increased risk of lower extremity
musculoskeletal injury following a concussion,
and this has been shown to be a bigger risk in
female athletes than in male athletes. This
increased risk is thought to be due to persistent
subclinical effects or alterations in neurocognition. Athletes with decreased neurocognitive performance may have a difficult time with
anticipating the actions of their opponents leading to difficulty in dodging versus bracing for
collision while taking a charge underneath the
basket [47, 48].
Chronic Traumatic Encephalopathy (CTE)
has become a growing concern in the athletic
community. Although no direct link has been
able to be established between CTE and concussions, most research is currently focused on
linking it to repetitive brain trauma (RBT). CTE
is considered a progressive neurodegenerative
disease and with symptoms including behavior
and mood problems and impaired cognitive
function. No large studies have been performed

in basketball athletes and CTE, with most studies having been done using retired National
Football League athletes. The data that is currently available does indicate that exposure to
RBT is one of the largest risk factors for development of CTE [49].

21.8

Obtaining Rights to Image

21.8.1 Prevention
Although almost every area of study for
concussion needs further research from the definition to the appropriate treatment, research looking into prevention strategies should also be high
on the list of priorities. Concussion legislation
currently exists across all 50 states in the United
States, as well as implementation of the CSIG in
both national and international sports organizations, including the implementation of a formal
concussion protocol in the National Basketball
Association [37, 41]. Some of the main strategies
for primary prevention have been in both education as well as rule changes in sports. The NCAA
has outlined in their guideline for managing concussions that schools provide athletes and
coaches with educational materials on concussions and that a form must be signed by every
athlete stating that they have reviewed these
guidelines [19, 40, 50]. Educational initiatives,
such as the HEADS UP campaign created by the
CDC, have been attempting to increase the
awareness of concussions [51]. Areas for future
research focus around the risk factors for concussion (history of prior concussion, female sex), the
most common mechanism for concussion (player
to player contact), the use of sport-specific
equipment in the role of prevention and rule
changes (in basketball, changes have been made
to the court including the restricted area under the
basket) [50, 52]. Although not necessarily
primary prevention, the number of certified
athletic trainers working in the collegiate setting
has also increased around 86% from 1995 to
2005 and has most certainly continued to increase
from then [9]. This would ideally lead to improved
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player adherence to immediate removal from
competition and outcomes following an
appropriate Return-To-Play protocol.

21.9

Conclusion

SRC is an important focus for medical professionals, athletes, coaches, and anyone closely involved
in sport. In basketball, SRC affects players of all
age ranges, both sexes, elite-level athletes in the
National Basketball Association and National
Collegiate Athletic Association, to youth athletes
participating recreationally. Further research needs
include all aspects of SRC from definition to management. Important points to remember include to
err on the side of caution when suspecting SRC as
it is always better to remove the athlete from competition early, and delayed removal can result in
increased time for return to competition. Focus on
appropriate and supervised Return-to-Play and
Return-to-Learn protocols is needed to reduce the
long-term risks of concussion including increased
risk of musculoskeletal injury and repeat concussions. It will be important to increase the effort
placed on primary prevention with education and
awareness of the signs, symptoms, and sequelae of
SRC for athletes and coaches.
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22.1

Introduction

In recent years, many ocular injuries to famous
players in the NCAA, NBA, and FIBA ranks have
been publicized in the sports media. Specific examples include the shocking footage of traumatic
globe luxations (protrusion of the eye from the
orbit) for Akil Mitchell of the New Zealand
Breakers in 2017 and Allan Ray of Villanova in
2006, Jon Scheyer’s retinal tear and traumatic optic
neuropathy while playing for the Miami Heat’s
summer league team in 2010, and Amar’e
Stoudemire’s retinal detachment in 2008 as a member of the Phoenix Suns. While these dramatic and
rare cases are memorable, ocular injuries in basketball are common and are typically benign.
According to a 2016 study of sports-related presentations to US emergency departments (EDs), >97%
of basketball-related injuries resulted in no visual
impairment [1]. A 2017 study in high school and
collegiate athletes also demonstrated that >95% of
ocular injuries resulted in competition time loss
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<21 days [2]. In spite of this, a wide array of ocular
injuries can occur in basketball, and it is critical
each be evaluated in a systemic fashion to determine when to involve an ophthalmologist.

22.2

Epidemiology of Ocular
Injuries

In the United States, more than 40,000 eye injuries
occur annually during sporting events [3], and
approximately 30,000 sports-related ocular injuries
are evaluated each year in US EDs [1]. More than
75% of injuries are sustained by males [1, 4], and
most injuries occur in individuals younger than 25
[1, 4, 5]. Among individuals evaluated in the USA,
playing basketball is the most common cause of
sports-related ocular injury, and basketball accounts
for more than 20% of sports-related ocular injuries
evaluated in the ED [1, 6]. The vast majority of
basketball-
related ocular injuries are caused by
inadvertent player–player contact (e.g., being poked
in the eye with a finger) [6]. A study of ocular injuries in American collegiate athletes determined that
men’s basketball had the highest event rate per minutes played for ocular injury of any sport, followed
by women’s basketball with the second-
highest
event rate [7]. A study of amateur athletes in Israel
found that basketball had the second-highest event
rate of ocular injury following only soccer [8]. A
2017 epidemiological study of eye injuries in high
school and collegiate athletes corroborated the common nature of eye injuries in basketball, identifying
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men’s and women’s basketball as two of the top
three sports most often associated with ocular injury
[2]. This same study also found that ocular injury
was nearly 3.5 times more likely to occur in competition than in practices [2]. In the professional ranks,
a 1995 study of injuries in the NBA determined that
eye injuries represented greater than 5% of all injuries to NBA players [9]. In this study, eyelid abrasions and lacerations were found to represent more
than 50% of all injuries to the eye and ocular adnexa,
and corneal abrasions were the most common injury
to the eye itself.
The most common basketball-related injuries
in the US pediatric ED setting included corneal
abrasion and subconjunctival hemorrhage [4].
Other common injuries included laceration of
the eye or ocular adnexa, hyphema, traumatic iritis, and ocular surface foreign body [4]. Among
high school and college athletes, the most common ocular injuries were subconjunctival hemorrhages, making up 33–36% of ocular injuries
[2]. Abrasions (16–21%) and lacerations (17–
29%) were the next most common injuries.

Fact Box

–– Eye injuries are common in basketball,
and playing basketball is one of the
most common causes of sports-related
eye injury.
–– Men’s basketball has one of the highest
event rates per minutes played for ocular injury of any collegiate sport.
–– Ocular injury is nearly 3.5 times more
likely to occur in competition than in
practice.
–– The most common basketball-related
injuries include corneal abrasion and
subconjunctival hemorrhage.
–– The vast majority of basketball-related
injuries result in no visual impairment.

22.3

Prevention

Given that ocular injuries are common in basketball, the medical community has promoted
strategies to prevent ocular injuries. In 2004,

Fig. 22.1 Amar’e Stoudemire donning protective eyewear during his tenure with the NBA’s New York Knicks.
Stoudemire has diligently worn eye protection since his
2008 traumatic retinal detachment. The use of protective
eyewear is rare among both professional and amateur basketball players (Reprinted with permission from The
Associated Press)

the American Academy of Pediatrics’
Committee on Sports Medicine and Fitness
worked with the American Academy of
Ophthalmology’s Eye Health and Public
Information Taskforce to develop a joint statement classifying basketball as a high-risk activity for eye injury and recommending eye
protection in all pediatric basketball players
[5]. Specifically, they recommended all youth
basketball players wear impact-resistant eye
protection (typically polycarbonate material)
and strongly emphasized the recommendation
for functionally monocular athletes. Despite
these recommendations, the use of eye protection remains unpopular and uncommon among
pediatric and adult basketball players
(Fig. 22.1). Unsurprisingly, more than 96% of
ocular injuries in the NBA occur in players not
wearing eye protection [9].

22.4

Sideline Ocular Assessment

Non-ophthalmologist medical staff or athletic
trainers are often the first responders in the
assessment of ocular injuries. In this section, we
provide guidelines for the assessment of ocular
injuries with the caveat that even these basic eye
screening techniques should ideally be learned
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under the direction of an ophthalmologist. All
sideline ocular assessments should include the
following [10]:
1. Taking a history
(a) History of pre-existing ocular conditions,
prior ocular injuries, or prior ocular surgery, and any eye medications.
(b) Detailed history of present illness with
specific questioning about ocular symptoms including the following:
i. 
Mechanism of injury (e.g., finger/
elbow to the eye)
ii. Changes in visual acuity
iii. Eye pain
iv. Double vision
v. Seeing flashes of light or floaters
vi. Loss of a portion of the visual field
(sometimes described as a “curtain”
over the vision)
2. Visual acuity testing
(a) Ideally performed with a Snellen eye
chart (at distance) or hand-held vision test
card (at near).
(b) Test each eye separately with the contralateral eye occluded.
3. Assessment of pupillary light response.
(a) Can be performed with a penlight or
flashlight.
(b) Assess for round pupil shape, direct and
consensual responses in each eye, and
relative afferent pupillary defects.
4. Gross inspection of the ocular surface and
eyelids.
(a) Evaluate for lacerations or globe
deformity.
(b) Consider using topical anesthetic eye
drops (e.g., proparacaine or tetracaine) to
examine uncomfortable patients.
5. Confrontational visual fields [11].
(a) Assess each eye separately with the contralateral eye occluded.
(b) Compare testing to any pre-existing deficits reported.
Abnormalities on pupillary examination suggest
optic nerve injury, and deficits on confrontational
visual fields suggest retinal or optic nerve injury.
Abnormalities noted on any of the tests above
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should prompt consultation with an ophthalmologist. If the 5-point assessment above is normal,
we find most athletes are able to immediately
return to play.
A detailed review of assessment for and implications of specific findings above (e.g., relative
afferent pupillary defects) is beyond the scope of
this chapter. For more detail for those with limited experience conducting eye exams, we suggest the American Academy of Ophthalmology’s
Basic Ophthalmology, now in its tenth edition.
For readers with a basic understanding of the
assessment of ocular injuries who seek details on
diagnosis and treatment of ocular injuries, The
Willis Eye Manual: Office and Emergency Room
Diagnosis and Treatment of Eye Disease, now in
its seventh edition, is our favored reference.

22.5

 eneral Return to Play
G
Guidelines

In a 2015 article on return to play criteria, Canty
and Nilan raised several general questions for
determining whether an athlete can return to play
that are particularly salient for ophthalmic injuries [12]. We explore several of those questions
below.
1. Has an accurate diagnosis been established?
–– For ophthalmic injuries, courtside diagnosis is often difficult due to limited availability of slit-lamp biomicroscopy. Oftentimes,
ophthalmology consultation for a detailed
examination, including a slit-lamp exam,
intraocular pressure check, and dilated fundus exam, is required. Thus, like Canty and
Nilan, we recommend involving an ophthalmologist prior to return to play for athletes with visual changes or abnormal exam
findings [12].
2. How high is the risk for further injury with
return to play?
–– Some ocular injuries like hyphema or
globe rupture carry a high risk of worsening in severity with early return to play,
while other injuries like subconjunctival
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hemorrhage carry minimal risk with expedited return. This reinforces the importance
of accurate diagnosis of ocular injury.
Thus, diagnostic uncertainty should
preclude return to play until an ophthalmologist is consulted.
3. Is equipment available that might prevent further injury?
–– Most common ocular injuries including
corneal abrasion can be reliably prevented
from worsening with protective eyewear.
Protective eyewear is also effective for primary injury prevention, with injuries
occurring very rarely when protective eyewear is used [9, 10].
4. Does the athlete feel confident returning to
play?
–– Common ocular injuries may be temporarily vision limiting, affecting a player’s ability to perform upon return. Thus, the
athlete’s confidence in his ability to return
should be assessed.

Fact Box

–– Any abnormalities on the sideline ocular assessment should prompt consultation with an ophthalmologist.
–– Given the possibility of exacerbating
certain ocular injuries, return to play
should not occur until an accurate diagnosis of the injury.

22.6

Common Eye Injuries

22.6.1 Corneal Abrasion
A corneal abrasion occurs when the superficial
layer of the cornea, the epithelium, is scraped off,
typically by trauma from another player’s finger.
The cornea is the most densely innervated tissue in
the body, and corneal abrasions are typically associated with sharp, intense pain. Mildly blurred
vision can also be associated depending on the
abrasion’s proximity to the corneal center. The corneal epithelium plays a role in protecting the deeper
corneal layers from pathogens; thus, abrasions pre-

Fig. 22.2 Slit-lamp photograph of an eye with a corneal
abrasion under diffuse blue illumination. Note the prominent yellow fluorescein dye staining in the area of
denuded corneal epithelium (Reprinted with permission
from Slack Incorporated from The Pocket Guide to
Cornea [13])

dispose patients to infection. Corneal abrasions are
best diagnosed by placing fluorescein dye onto the
corneal surface and illuminating the cornea with
blue light (Fig. 22.2). Fluorescein stains areas
where the epithelium has been denuded.

22.6.1.1 Treatment
While corneal abrasions are painful in the short
term, they typically heal without intervention and
without lasting effects on visual acuity. Additional
corneal trauma, which often occurs from reactive
eye rubbing, may enlarge the defect and prevent
healing. Most ophthalmologists recommend
treatment of corneal abrasions with topical antibiotic drops until the epithelial layer has regrown
over the defect (often within 1–2 days). Topical
antibiotic ointments and artificial tear drops are
often added to improve comfort. In some cases,
bandage contact lenses can be placed to provide
immediate improvement in comfort and vision;
however, patients should be monitored for
increased risk of corneal infection with contact
lens use. We recommend patients with corneal
abrasions be followed with serial slit-lamp exams
until the epithelial defect has resolved.
22.6.1.2 Return to Play
Corneal abrasion is not a contraindication to an
immediate return to play. Ability to return is often
determined by patient comfort and visual acuity.
Topical anesthetic eye drops may be used to
improve patient comfort immediately after
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c orneal abrasion and are sometimes used to facilitate expedited return to play in the short-term
setting. However, topical anesthetics can be toxic
to the corneal epithelium, delaying the healing
process [14]; thus, we do not advocate their prolonged use. Bandage contact lenses are appropriate for decreasing pain and facilitating return to
play in certain cases.

22.6.2 Subconjunctival Hemorrhage
A subconjunctival hemorrhage is a contusion of
the conjunctival ocular surface. It occurs when a
hemorrhage accumulates between the conjunctiva, the clear epithelial surface tissue of the eye,
and the sclera, the rigid white layer of the eye
which provides structure to the globe (Figs. 22.3
and 22.4). Subconjunctival hemorrhage can cause
mild irritation but is visually insignificant. While

Fig. 22.3 Focal subconjunctival hemorrhage (Image
courtesy of the Wills Eye Hospital)
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patients may find the red appearance to be disconcerting, this injury is typically benign. While subconjunctival hemorrhage is common after ocular
trauma, it is also common after Valsalva maneuvers including forceful coughing or sneezing.

22.6.2.1 Treatment
No treatment is required for a subconjunctival
hemorrhage as it will self-resolve as the blood
reabsorbs. Patients should be advised that it can
take a few to several weeks for the blood to completely reabsorb, similar to the expected healing
time for a contusion elsewhere in the body. If the
conjunctiva is elevated by a large hemorrhage,
patients often have irritation and complain of a
foreign body sensation. We recommend treating
these symptoms with frequent lubrication using
artificial tear drops and/or ointment.
22.6.2.2 Return to Play
Immediate return to play is typically safe in cases
of subconjunctival hemorrhage as there is no significant risk of visual loss. One caveat is that
extensive subconjunctival hemorrhage, particularly cases where the hemorrhage extends 360°
around the limbus (where the clear cornea meets
the sclera), may obscure more severe injuries to
deeper ocular tissues such as underlying scleral
rupture and open globe injury. Thus, if there is
uncertainty in the diagnosis of subconjunctival
hemorrhage, return to play should be delayed
until after examination by an ophthalmologist.

22.6.3 Ocular Surface Foreign Body
Ocular surface foreign bodies are common in
basketball. Eyelashes and displaced contact
lenses are two of the most commonly encountered foreign bodies. Patients will typically present with acute onset of ocular irritation.

Fig. 22.4 Diffuse, 360-degree subconjunctival hemorrhage. Chemosis (swelling and elevation of the conjunctiva)
is also present (Image courtesy of the Wills Eye Hospital)

22.6.3.1 Treatment
While many foreign bodies can be removed
grossly at courtside, foreign bodies that are particularly small, trapped beneath the upper eyelid,
or embedded in the conjunctiva or cornea usually
require the involvement of an ophthalmologist. In
cases where ocular surface foreign bodies are
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suspected, we suggest first flushing the eye with
copious quantities of sterile saline solution to
facilitate foreign body removal. If available, we
then suggest slit-lamp examination including
eyelid eversion. Upper lid eversion is particularly
important to expose hidden foreign bodies. If
blurred vision or corneal opacity is present, suspicion for an embedded corneal foreign body is
raised, and an ophthalmologist should be consulted for foreign body removal.

22.6.3.2 Return to Play
If an athlete is asymptomatic after ocular surface
foreign body removal, immediate return to play is
indicated. Suspicion for an embedded corneal
foreign body is a contraindication to an immediate return to play.

22.6.4 Eyelid Laceration
Facial lacerations are common in basketball, and
if they do not involve the eyelids, primary closure
may be performed without involvement of an
ophthalmologist. If the eyelids are involved, even
for superficial lacerations, we recommend consultation with an ophthalmologist. Lacerations
involving the medial aspect of the upper or lower
eyelid raise concern for the involvement of the
canalicular system (tear drainage system), which
may require specialized repair (Fig. 22.5).
Lacerations involving the eyelid margins raise
concern for tear film and corneal surface issues if
not accurately reapproximated. Full-thickness
lacerations, or lacerations where orbital fat can
be seen protruding from the wound, suggest the
possibility of injury to the levator muscle or other
orbital structures and also require the urgent ophthalmology consultation [10, 15].

22.6.4.1 Treatment
While superficial lacerations can undergo simple
primary closure, the complex anatomy of the
eyelids necessitates examination by an ophthalmologist if the eyelids are involved. Most eyelid
lacerations can be repaired under local anesthesia
and may be appropriate for repair in the locker
room setting if surgical supplies are available.

Fig. 22.5 Medial lower eyelid laceration involving the
canalicular system. The lower punctum can be seen near
the medial edge of the lower lid tissue that is separated
from the globe. The injury was sustained from an accidental elbow to the face during play. This injury required
operative repair with an oculoplastics specialist under
general anesthesia

Some full-thickness lacerations, lacerations
involving the eyelid margin, and lacerations
involving the canalicular system may require
repair in the operating room under general anesthesia. Canalicular lacerations often require the
involvement of an oculoplastics specialist. If
deeper orbital tissues such as orbital fat are seen
protruding from the wound, we recommend a CT
scan to assess for deeper injuries including orbital
bone fractures [15]. Some ophthalmologists routinely recommend oral antibiotics after eyelid
lacerations [15]. Tetanus prophylaxis should also
be considered.

22.6.4.2 Return to Play
For superficial lacerations, immediate return to
play after primary closure is typically appropriate. Recommendations for returning to play
should be case-specific depending on the extent
of the injury.

22.6.5 Hyphema
A hyphema occurs when blood partially or
completely fills the anterior chamber of the eye
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(the fluid-filled space between the clear cornea
and the pigmented iris, Figs. 22.6 and 22.7).
Hyphemas typically occur after blunt trauma.
While most hyphemas clear spontaneously
without intervention, there are several associated vision-threatening risks. First, blood in the
anterior chamber can clog the trabecular meshwork (the drainage system of the eye located in
the anterior chamber angle) causing elevated
intraocular pressure. Elevated intraocular pressure can lead to acute ocular pain and development of permanent visual loss from glaucoma.
Second, in cases where hyphemas are slow to
clear, red blood cells can stain the corneal
endothelium, leading to permanent corneal
opacities and impaired vision. Third, blood in
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the anterior chamber can lead to secondary
inflammation and uveitis, with subsequent
development of anterior chamber synechiae.
Finally, rebleeding risk is a concern, and risk
for rebleeding may persist up to 10 days after
initial injury [16].

22.6.5.1 Treatment
Hyphemas should be managed closely by an ophthalmologist, initially with daily exams including
intraocular pressure checks. It is important to
limit early return to play to prevent the possibility
of rebleeds. A rigid eye shield is typically prescribed to prevent the eye from repeat trauma
within 10 days of the injury. Hyphemas are also
managed with topical medications, typically
including steroids and cycloplegics. Steroids prevent reactive inflammation and cycloplegics prevent frequent contraction and expansion of the
ciliary muscle, which may exacerbate bleeding.
Additionally, elevation of the head of the patient’s
bed is often recommended to allow the hemorrhage to settle out of visual axis in gravity-
dependent fashion [16].

Fact Box
Fig. 22.6 A layered hyphema is seen in the inferior portion of the anterior chamber. Clumped blood products are
noted obscuring the pupil in the central visual axis (Image
courtesy of the Wills Eye Hospital)

Fig. 22.7 An “8-ball hyphema,” wherein the entire anterior chamber is filled with blood. Eight-ball hyphemas are
associated with a higher risk for endothelial blood staining and intraocular pressure spikes

–– Rebleeding with possible progression to
an 8-ball or complete hyphema is a serious concern, particularly within the first
10 days after injury.
–– Given the potential vision-threatening
effects of a rebleed, athletes with hyphemas should be held out of competition
for at least 10 days and should wear a
rigid eye shield during this period to
prevent recurrent trauma.

22.6.5.2 Return to Play
Return to play is unsafe until the hyphema has
resolved. In most cases, even if the blood is no
longer visible in the anterior chamber, we recommend athletes wait at least 10 days before
returning. Due to the rebleed risk, we provide
strong recommendations that athletes use protective eyewear for at least a month after injury.
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22.6.6 Traumatic Iritis
Iritis is marked by the presence of inflammatory
cells (white blood cells) floating in the anterior
chamber of the eye. Prominent symptoms
include pain, eye redness, tearing, and photophobia. Presentation of traumatic iritis can be
delayed after the initial injury, sometimes up to
3 days [15]. Slit-lamp exam is required for diagnosis as the white blood cells circulating in the
anterior chamber are microscopic. While courtside history and examination can be suggestive
of traumatic iritis, it is nearly impossible to diagnose definitively in this setting. Suspicion for
this condition should prompt referral to an
ophthalmologist.

22.6.6.1 Treatment
Treatment with topical steroids should be initiated to relieve symptoms and prevent damage to
surrounding ocular structures like the iris and the
lens by intraocular inflammation. Cycloplegic
eye drops are also used to improve patient comfort. Topical steroids should be tapered carefully
after resolution of inflammation under the direction of an ophthalmologist.
22.6.6.2 Return to Play
In most cases, we recommend return to play once
symptoms have improved with topical steroid
therapy, which typically occurs within 1–2 days.

22.6.7 Commotio Retinae
Commotio retinae is defined as an area of relative
retinal whitening presenting after traumatic
injury (Fig. 22.8). Retinal vasculature typically
appears normal around the area of whitening, but
adjacent retinal hemorrhages may be seen [15].
Commotio retinae is diagnosed via dilated funduscopic examination by an ophthalmologist. When
commotio retinae occurs in the peripheral retina,
there are typically no associated symptoms.
Thus, many commotio retinae cases likely go
undetected. However, cases with injury closer to
or in the macula may be accompanied by blurred
vision or even permanent visual impairment [17].

Fig. 22.8 Funduscopic image of a patient with commotio
retinae affecting the macula after ocular trauma.
Commotio retinae with macular involvement is also
referred to as Berlin’s Edema (Image courtesy of the Wills
Eye Hospital)

Commotio retinae is thought to be a contrecoup
injury wherein forces on the anterior globe from
blunt trauma are transmitted to the posterior
globe, with subsequent damage to the photoreceptor layer of the retina [18]. Whitening is
thought to be produced by edema in the retinal
pigment epithelium subsequent to photoreceptor
damage [15, 18, 19].

22.6.7.1 Treatment
Most cases of commotio retinae resolve without
intervention with excellent visual outcomes [17].
Perhaps the most critical aspect of evaluation and
treatment of commotio retinae is establishing
with certainty that no other concomitant posterior
segment injuries such as a retinal tear, retinal
detachment, or choroidal rupture are present
[15]. Definitively ruling out other retinal injuries
typically involves funduscopic examination with
scleral depression, and, in certain cases, the
involvement of a retina specialist may be
required. We recommend providing strict return
to clinic precautions for these patients, indicating
they should return for urgent ophthalmic
examination if they experience any symptoms
associated with retinal detachment, including
new floaters, flashes of light, a sensation of a
“curtain” over their vision, or a new visual field
defect.
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22.6.7.2 Return to Play
Commotio retinae without visual impairment is
not a contraindication to return to play. However,
we strongly recommend a thorough dilated eye
examination and considering a consultation with
a retina specialist prior to return to play.

22.6.8.1 Treatment
In the event of suspicion for ruptured globe injury,
further ocular examination or manipulation
should be aborted until an operative repair is
undertaken. Manipulation of a ruptured globe
may result in prolapse of ocular contents, increasing endophthalmitis risk and complicating repair
of globe rupture. A rigid eye shield should be
22.6.8 Ruptured Globe Injury
placed over the injured eye to protect it from further injury until operative repair. Aggressive pharRuptured globe injuries can occur from blunt or macologic control of pain and nausea is
sharp trauma. While ruptured globes are rarely recommended to prevent patients from straining
encountered in basketball in the absence of pre- and performing Valsalva maneuvers that may
existing ocular conditions [20] or in patients exacerbate intraocular tissue prolapse. Orbital CT
with a history of ocular surgery, they can be dev- scan is recommended in most cases to rule out
astating injuries resulting in severe visual impair- intraorbital or intraocular foreign body [15].
ment. Full-thickness lacerations can be apparent Patients with globe rupture should be transported
in the cornea or the sclera, and some ruptured promptly to a facility capable of performing operglobe injuries may be obscured by overlying ative repair within 24 h. Broad-spectrum systemic
subconjunctival hemorrhage. The limbus (where antibiotics are typically recommended until the
the cornea and sclera meet, Fig. 22.9) and the time of operative repair in an effort to prevent
posterior aspect of the extraocular muscle inser- endopthalmitis [21]. Studies suggest that endotions on the sclera are common locations for phthalmitis rates are approximately 5–12% in
globe rupture. 360° of subconjunctival hemor- cases of open globe injury [21, 22].
rhage, shallowing of the anterior chamber, low
intraocular pressure, peaking of the pupil toward 22.6.8.2 Return to Play
the area of injury, or the presence of vitreous in Any suspicion for globe rupture is an absolute
the anterior chamber are all suggestive of rup- contraindication to return to play, or to any sigtured globe injury. Any suspicion for ruptured nificant physical activity. Athletes suffering open
globe injury should prompt emergent evaluation globe injury will likely require a prolonged
recovery period prior to return to play, given the
by an ophthalmologist.
high risk of repeat rupture in the postoperative
period.

22.6.9 Retinal Tear and Detachment

Fig. 22.9 Ruptured globe injury is present at the superotemporal limbus. Prolapse of intraocular contents (uveal
tissue) is noted at the injury site. Note that the pupil is
distorted with peaking toward the site of the rupture
(Image courtesy of the Wills Eye Hospital)

A traumatic retinal detachment typically
occurs via rhegmatogenous mechanism,
wherein globe trauma causes a tear or break in
the retina, and fluid from the vitreous cavity
accesses the subretinal space through the tear,
causing e levation of a portion of the retina.
There is associated visual loss corresponding
to the area where the retina is lifted off of the
retinal pigment epithelium. Traumatic retinal
tears are rare events in basketball [23], and
retinal detachments are even more uncommon.
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Symptoms include the development of new
floaters, flashes of light, and the sensation of a
curtain being pulled over a portion of the
visual field. High myopia is a predisposing
factor to retinal detachment, and one retrospective study of retinal detachments from
basketball-related injuries in a Taiwanese population found that most players who suffered
retinal detachments had moderate-high myopia [24]. Diagnosis of retinal tears and detachments requires a dilated fundus exam by an
ophthalmologist.

22.6.9.1 Treatment
Patients with suspected retinal tears or retinal
detachments based on presentation and symptoms should be urgently referred to a retina specialist. For retinal tears without detachment,
laser retinopexy, an office procedure typically
employing argon laser to secure the retina surrounding the tear to the retinal pigment epithelium, is recommended within 24–72 h [23] to
prevent subsequent detachment of the surrounding retina. If instead a retinal detachment
is noted, surgical intervention is typically
required. The complex operative management
of retinal detachment is beyond the scope of
this chapter; however, management may include
removal of the vitreous from the central cavity
of the eye to decrease traction on the retina, use
of laser or cryotherapy to seal breaks in the retina, placement of a scleral buckle (silicone
band) around the outside of the eye to provide
reinforcement, and placement of a gas bubble
inside the eye to help temporarily hold the retina in the proper position.
22.6.9.2 Return to Play
Suspicion for retinal tear or detachment is an
absolute contraindication to return to play until
the patient has received a thorough dilated funduscopic exam by an ophthalmologist. Patients who
undergo laser retinopexy for retinal tears may be
able to return to play within a few days, while
patients with retinal detachments requiring surgical repair will typically require a prolonged
recovery period of several months.
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22.6.10 Orbital Fracture
The globe is surrounded by a series of interconnecting bones that make up the orbit. These
bones have significant variations in their thickness and strength. Blunt trauma to the eye and
ocular adnexa can result in an orbital blowout
fracture. The inferior and medial walls are the
weakest and are the most prone to blowout fractures. Symptoms may include pain with eye
movement, double vision, pain with palpation
of the orbital rim, and ipsilateral cheek numbness. Ocular exam signs associated with orbital
fracture include restricted eye movements,
enophthalmos (recession of the eye deeper into
the orbit), hypoglobus (infraplacement of the
eye), and eyelid edema or bruising. Patients
with findings suspicious for an orbital fracture
should undergo non-contrast CT scan with thin
cuts through the orbit.

22.6.10.1 Treatment
A thorough ocular examination should be conducted to rule out concurrent injuries such as an
occult open globe injury or traumatic optic neuropathy. Muscle entrapment in the fracture must
also be ruled out as urgent surgical repair within
24–48 h may be indicated to prevent muscle ischemia [15]. Repair within 1–2 weeks may be indicated for persistent double vision, large orbital
floor fractures, enophthalmos, or hypoglobus.
Some ophthalmologists routinely prescribe oral
antibiotics for all orbital fractures. We recommend antibiotics in the setting of any concurrent
sinus disease on CT scan. Patients should be
instructed not to blow their noses due to the
potential risk of prolapsing orbital contents
through the fracture site. Use of local nasal
decongestants such as oxymetazoline should be
considered.
22.6.10.2 Return to Play
Careful consideration of the orbital fracture’s
location and extent, as well as its associated
clinical signs and symptoms, should be undertaken before making a recommendation regarding return to play. Most often, athletes should
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not return to competition until the fracture has
healed, typically resulting in at least a month
without play [25].

Take-Home Message

Eye injuries in basketball are common
events; however, they are most often self-
limited without persistent visual impairment. Protective eyewear is effective in
injury prevention and underutilized in basketball. Many aspects of ocular examination and diagnosis require special equipment
or the expertise of an ophthalmologist.
However, a systematic sideline assessment
performed by non-ophthalmologist medical
staff can provide valuable information to
guide next steps in referral or return to play.
Given the possibility of vision-limiting
injuries, uncertainty in the diagnosis should
prompt referral to an ophthalmologist.
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23.1

Introduction

Having a lot of motional range and function, the
glenohumeral joint may be exposed to certain
Basketball is without a doubt the fastest growing problems in terms of stability. Many structures
sport on every scale from day-to-day play to the around the shoulder act together as stabilizers to
competitive area worldwide. As the nature of bas- overcome these problems. Dynamic stabilizers of
ketball has evolved from a non-contact sport to the glenohumeral joint are composed of muscular
one of the most highly physical contact sports, structures such as the rotator cuff, biceps, and
game-related injuries have increased to their cur- muscles around the scapulothoracic girdle. Static
rent rates [1, 2]. Although injuries of lower stabilizers include bony anatomy, labrum, and
extremities are most common amongst basket- the joint capsule.
ball players, upper extremity injuries (such as
Occasionally, the balance between mobility
shoulder injuries) may also affect the perfor- and stability may be interrupted in professional
mance of the player and may even lead to career- athletes due to high demands of intensive physiending results [3].
cal activity, resulting in the glenohumeral joint
The shoulder is the most mobile joint of the being susceptible to injuries.
human body with its unique anatomical features.
Similar to the other parts of the body, shoulder
injury rates are slightly higher during competition than during practice, due to practices being
more predictable activities; whereas in competiB. Gorgun (*)
tions, there is a high level of intensity combined
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The treatment of shoulder injuries requires
proper diagnosis based on a detailed history,
incorporated with a systemic approach and physical examination, in combination with the knowledge of unique anatomical features of the
glenohumeral joint. Imaging modalities are used
for both diagnostic and follow-up purposes.
Although conservative treatment is the primary
method of management in shoulder injuries in
basketball players, surgical intervention may be
necessary in, especially, failed conservative
treatment.

23.2

injuries, Zelisko et al. found that the women’s
overall injury frequency in professional levels
was 1.6 times that of men, while men had a higher
injury rate for shoulder in the same study [4, 15].
Although Deitch et al. found similar results, a
slight difference in the frequency of shoulder
injuries in Women’s National Basketball
Association (WNBA) and National Basketball
Association (NBA) was noted in his study (3.9%
and 3.4% respectively) [8].

23.3

Epidemiology

Basketball injuries are amongst the most common sports injuries that require medical treatment. Although basketball is one of the leading
sports activities associated with injuries, there are
few studies in the literature about the epidemiology of various injuries in professional basketball
[2, 6–9]. In the study of Podlog et al., it is found
that injury rates in basketball have significantly
increased over the past few decades, possibly due
to the game becoming progressively quicker and
more hard-hitting over time [10]. The relationship between game speed and injury incidence is
strongly correlated in the study of Norton et al.
[11]. However, injuries to the upper extremities in basketball players remain to be less frequent especially compared to the lower
extremities [10]. Overall injury rate to the upper
extremities of reported players is found to range
from 11% to 14% at both the high school and
professional level [12, 13]. In upper extremities,
injuries to the shoulder are uncommon when
compared to the fingers, hands, and arms [14].
Bonza and Fields discovered that in their study
group of high school athletes, between the years
2005 and 2007, shoulder injuries occurred in
0.47 of every 10,000 athlete-exposures in boys’
basketball, whereas it occurred for 0.45 in
female athletes [6]. The same study also confirmed the findings previously reported as injuries were more likely to occur during competition
than during practice. In his comparative study of
men’s and women’s professional basketball

Mechanism and Severity
of Injury

The primary mechanism of shoulder injuries in
basketball is player-to-player contact [6, 9, 13].
Therefore, the more the player remains in contact
with other players (in a game or in practices like
5 on 5 scrimmage), the more he or she will be
susceptible to injury. The player-to-player contact is also the most common injury mechanism
that requires surgical intervention [6]. The other
mechanisms of shoulder injury are contact with
floor, basketball, the rim or nonspecific contact,
and overuse injuries [9, 13].
The primary diagnosis in acute shoulder injuries are sprain/strains [12]. The others are dislocation/separation, contusion, and fractures.
Approximately 60% of shoulder injuries in basketball allow athletes to return to play in less than
1 week [6, 12]. Borowski et al. found that the
most frequent injury-related activities during the
play are rebounding (25.1%), defending (14.8%),
general play (16.9%), ball handling or dribbling
(8.9%) and shooting (8.5%) [4]. In the same
study, the guard position is found to be the most
injury prone position for both males and females
in basketball.

23.4

History

A detailed history is crucial for differential diagnosis in professional athletes. The first step of
evaluation should begin with obtaining initial
information about the patient such as age, medical history, sporting activities, and their activity
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Fig. 23.1 A player
sustained from shoulder
injury on the field

level. Any previous sport-related injury in player’s medical history has the potential to serve as
an important risk factor for a new injury.
Therefore, previous injuries, treatments, medications, physical therapy exercises, injections, and
surgeries must be noted. Although most shoulder
complaints in athletes are due to overuse and are
chronic in nature, acute injuries on the field
may also be seen.
The most common symptom of a shoulder
injury is pain, which may not always necessarily
result in absence from play but can sometimes
affect the performance of the athlete (Fig. 23.1).
The location and characteristic properties of the
pain (radiation, relieving and exacerbating factors, associated symptoms, etc.) point out different injury types. While pain on the top of the
shoulder may be a sign of acromioclavicular
injury, pain on the posterior of the shoulder may
point to cervical etiology. Nocturnal pain may
represent rotator cuff injuries.
Instability in the shoulder is another common complaint. The relationship between the
instability and trauma must be noted. The duration and frequency of the instability are important as they can affect the performance of the
athlete. Provocative motions may give a clue
about the direction of the instability. Adducted
and internally rotated shoulder instability suggests posterior direction, while abduction and
external rotation instability represents an anteriorly instable shoulder. Athletes with labral
pathologies may complain about mechanical

symptoms such as catching, locking or snapping, depending on the type and size of the
labral lesion. Stiffness is not a common complaint and is usually associated with adhesive
capsulitis. It may sometimes be seen in endocrine disorders.

23.5

Physical Examination

The physical examination should begin with
observation of posture, shoulder position, and
alignment of the trunk. Affected shoulder should
be focused after identifying any compensatory
movements of the body. As in all musculoskeletal
clinical examinations, physical examination of
the shoulder includes inspection, palpation, evaluation of range of motion (ROM), muscle
strength, and specific tests.
The player should always be evaluated for
both shoulders. Any shirts must be removed
before the inspection, allowing the visualization
of swelling, bruise, and muscular atrophy. Both
shoulders must be observed for symmetry and
any pathologies thorough active and passive
range of motion. Assessing range of motion is a
crucial step in shoulder examination. Active and
passive forward flexion, abduction, adduction,
internal and external rotation capacity of the joint
should be evaluated. Any difference in the range
of motion between two shoulders must be
recorded. Scapular movements should be
assessed carefully for synchronization with the

254

glenohumeral joint. Any muscular atrophy in
infraspinatus and supraspinatus fossae may give
clues about neuropathy or chronic rotator cuff
tear. Scapular winging may be evident upon
inspection which is usually due to neuropathic
denervation of serratus anterior or trapezius muscles. Any previous incisions in the shoulder
region should also be noted.
Palpation should be directed from the painless
site to the painful area and include humeral head,
glenohumeral, acromioclavicular and sternoclavicular joint lines, bicipital groove, coracoid process, scapula, and the clavicle. While assessing
passive range of motion, any crepitation in the
shoulder region must be noted. Symmetry, stability, major muscle strength, and examination of
rotator cuff muscles should be performed in all
patients. While anterior deltoid muscle can be
assessed at 90° of forward elevation, middle deltoid fascicles can be evaluated at 90° of abduction. Rotator cuff muscle strength should be
assessed, preferably while the patient is seated.
Supraspinatus muscle strength is best evaluated by resistance to the examiner’s downward
force while the patient’s shoulder is at 90° of
abduction and 30° of forward flexion with internal rotation of the arm and the thumb pointing
downwards (“Jobe’s” or “empty can” test) [16].
Infraspinatus and teres minor, the main external
rotators, can be assessed by resistance to the
external rotation of the arm with the elbow flexed
at 90°, while the shoulder abduction is at 0° and
90° respectively. Subscapularis muscle pathologies are evaluated by “lift-off” test, in which the
patient places the hand to the back in maximal
internal rotation of the arm and then tries to lift
the hand off against examiner’s resistance and
fails to perform this maneuver [17]. “Belly-
press” test can be also performed to evaluate subscapularis muscle, in which the patient tries to
compress through abdomen with the elbow
flexed. The “bear-hug” test can reduce pain from
long head of biceps influence, often disturbing
the belly press test. The patient’s shoulder is
placed at 90° elevation and internal rotation, with
forearm horizontal in front of body and the palm
is held on the opposite shoulder. The patient is
then asked to press down against physician hand
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and hold resisted internal rotation as the physician tries to apply external rotation force to the
forearm. The test is considered positive if the
patient cannot hold the hand or shows weakness
against the force applied.
After the routine examination, specific shoulder tests for unique pathologies should be performed. “Hawkins-Kennedy” test can be used to
show impingement [18]. This maneuver can be
performed by 90° forward flexion of the arm and
forcibly medially rotation of the shoulder. Pain
during this maneuver could be the result of subacromial impingement or rotator cuff tendinitis.
Another specific test is “O’Brien’s” or “active
compression” test, which is used for biceps-
labral (especially SLAP, superior labrum anterior
to posterior) lesions or acromioclavicular pathologies [19]. This test can be performed by the
shoulder brought to 90° of forward flexion and
10–15° of adduction with extended elbow, fully
internally rotated arm and pronated forearm.
Resistance is applied as the patient tries to elevate
the extremity with the thumb pointing downwards. Localization of the pain must be followed
carefully during the maneuver. The test is considered to be positive if the patient reports that the
pain is relieved with the palm facing up.
The “anterior slide” test can also be used for
assessing SLAP lesions [20]. The test is performed in seated position. The patient places the
hand on the ipsilateral iliac crest and thumb facing posteriorly, while the examiner applies anterosuperior force on the elbow with the other hand
stabilizing the shoulder. The test is considered
positive, if it produces pain or clicking sensation.
Biceps pathologies can also produce pain and
loss of strength. The “Yergason’s” test is used to
determine any biceps pathology [21]. This
maneuver is performed with the elbow flexed at
90° and the forearm in slight pronation. The
patient tries to supinate the forearm against
examiner’s resistance. The test is considered positive if it produces pain in the bicipital groove.
The “Speed’s” test is another maneuver to
identify biceps pathologies [22]. The test is performed while the shoulder is elevated forward at
90° with extended elbow and supinated forearm.
The patient tries to resist the downward force
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produced by the examiner. The test is considered
positive if it produces pain in the anterior region
of the shoulder.
The last step of the shoulder examination consists of neurologic evaluation. Radiculopathy in
the cervical region may present as shoulder discomfort. Pain in the posterior aspect of the shoulder and radiation through the elbow may be signs
of cervical pathology. Other nerve injuries such as
axillary, suprascapular, or long thoracic may initially present with shoulder pain. In case of neurologic impairment, one should assess a complete
upper extremity strength and deep tendon reflexes.

23.6

Imaging

Evaluation of shoulder injuries by imaging
should begin with plain radiographs. Routine
anteroposterior (AP) view in different rotational
positions of the shoulder, axial view, scapular Y,
and transthoracic views of the joint allow visualization of bony pathologies around the shoulder
(trauma series). These pathologies include dislocation, fractures, and Hill-Sachs lesions. Special
views such as Stryker notch (for Hill-Sachs
lesions) and West point (for glenoid rim) views
are obtained if necessary (Fig. 23.2).

Fig. 23.2 West point x-ray view of the shoulder
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Ultrasonographic imaging has been shown
to be an effective method especially in the diagnosis of biceps and rotator cuff pathologies;
however, it is highly user-dependent [23].
Magnetic resonance imaging (MRI) has been
comprehensively used for shoulder injuries in
basketball [24]. Performing the MRI with
arthrogram has become popular in the last
decades and has been utilized with good accuracy and sensitivity for assessing both SLAP
lesions, capsular and rotator cuff pathologies.
Computerized tomography (CT) with arthrogram can be used alternatively especially for a
good bony assessment in addition to soft tissue
imaging. CT alone is preferred for identifying
Hill-Sachs lesions, greater tuberosity, and glenoid rim fractures.

23.7

Treatment

Among sports injuries, basketball injuries are
some of the most common sports injuries that
require medical treatment [25]. The objective of
treatment to shoulder injuries must be to provide
a stable shoulder, minimal recurrence of the
injury, and a fast return to preinjury function [26].
Shoulder injuries in basketball are generally
treated by conservative means as in other overhead throwing sports. There are rehabilitation
protocols defined for the conservative treatment
and management of injuries. In acute phase of the
injury, the aim is to give time for the healing of
damaged tissue and decrease inflammation and
pain. Supportive treatment such as passive ROM
and stabilization exercises and non-steroid anti-
inflammatory drugs (NSAIDs) may be used. After
the acute phase, stretching and strengthening
exercises can be started. These exercises should
be customized according to the weak muscles of
the patient. When there is almost no pain, ROM
deficit, and weakness in the injured muscle, the
patient is allowed to perform intensive strengthening exercises. After these steps are completed,
the athlete is allowed to return to training with the
team and return to competitions consecutively. If
there is no improvement in the pain and performance of the athlete, a re-evaluation and more
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aggressive management, such as surgery, may be
considered.

23.8

 ommon Shoulder Injuries
C
in Basketball

The most common shoulder injuries seen in basketball players may be classified as acute and
chronic injuries. Acute injuries include glenohumeral dislocation, acromioclavicular separation,
clavicle, proximal humerus, and scapula fractures; chronic injuries include rotator cuff tendinitis or tears, internal shoulder impingement,
biceps tendon injuries, SLAP lesions, and scapular dyskinesis [27]. Some of these pathologies can occur simultaneously.

23.8.1 Dislocations-Separations
around the Shoulder
The shoulder is the most commonly dislocated
joint in the human body during sports [26, 28].
Both the static and dynamic stabilizers of the
shoulder joint try to keep the humeral head in the
glenoid fossa, maintaining a stable joint. However,
in different positions of the shoulder, some of the
stabilizers fail to resist against traumatic load and
dislocation occurs. Glenohumeral dislocations are
generally seen anterior and inferiorly in athletes
[29]. Although posterior dislocations do occur,
there is not enough data in the literature about posterior dislocations in overhead throwing athletes.
The primary mechanism responsible for anterior
glenohumeral dislocation is the capsulolabral separation from the anterior and inferior glenoid rim,
which is called classic Bankart’s lesion [26]. It
usually results from either a fall on the outstretched
arm with externally rotated and abducted shoulder, or a direct force onto the shoulder. The diagnosis is usually achieved by physical examination.
The patient typically presents with deformity and
limitation of internal rotation. Plain radiographs
may help to distinguish the direction of the dislocation and concomitant fractures. Neurovascular
examination is crucial because axillary neuropraxia may be seen in 5–35% of first-time

dislocations [30, 31]. Reduction attempt is rarely
performed on the field immediately after injury,
albeit the reduction maneuvers are not recommended without a previous X-ray, to avoid damages in case of fracture-
dislocation. There are
many techniques for reduction of the glenohumeral joint. There are different opinions as to
which technique is superior in various publications. We only recommend performing the maneuvers in a gentle way, to avoid an enlargement of
any lesion (Hill-sachs, Bankart, etc.). After one or
two attempts, it is better to achieve reduction
under sedation or general anesthesia.
One of the most common reduction techniques
is self-reduction. In this technique, the athlete
holds the ipsilateral knee with both hands and
leans backwards. Milch technique can also be
used in which the patient’s hand is placed behind
the head, and the physician holds the elbow by
applying a slight traction and guiding the humeral
head over the glenoid rim [32]. Another technique is traction–countertraction method. The
physician’s foot is placed against the chest wall
of the athlete, and traction is applied at 45° of
shoulder abduction. After a successful reduction,
the pain is relieved and the deformity is recovered immediately. Plain radiographs should be
maintained to confirm the reduction and any
associated fractures. Sometimes CT scan may be
necessary to evaluate associated bony pathologies such as Hill-Sachs lesions, greater tuberosity, or glenoid rim fractures. MRI provides
information about associated injuries such as
rupture of rotator cuff or biceps pathologies.
In conservative treatment of glenohumeral
dislocations, collected data in the literature has
shown no effect of immobilization on the natural
history of dislocation [33–35]. Range of motion
and strengthening exercises should begin as soon
as possible. Between 3 and 6 weeks, isokinetic
exercises, between 6 and 8 weeks, plyometric
exercises are started. Biceps strengthening is crucial in the management of shoulder dislocation.
When the athlete achieves the opposite shoulder’s range of motion and at least 90% of the
strength, return to sports can be allowed.
Recurrent instability of the shoulder is the major
problem with anterior shoulder dislocations [26,
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36]. Failure of conservative treatment with recurrent instability requires surgical intervention.
Arthroscopic and open techniques for the treatment of shoulder instability are described in the
literature [26]. The average time to return to
sports after an arthroscopic stabilization of shoulder dislocation is 4–6 months [37–39].
Posterior glenohumeral dislocations are much
less common and occur with falling onto the
adducted, flexed, and internally rotated arm [40]
or in player-to-player contact, with trauma on
elbow or hand forced in anteroposterior direction. Misdiagnosis, up to 60%, in posterior dislocations is very common [29, 41, 42].
Acromioclavicular joint separation in an athlete may result from a direct fall either onto the
acromion or on an adducted arm [27]. Localized
tenderness and deformity on the acromioclavicular joint is a good clinical indicator, but radiographs are usually necessary for the diagnosis.
Distal clavicle fractures should be kept in mind in
differential diagnosis. Although treatment decisions between conservative or surgical options
are quite controversial, most of the AC joint separations are treated conservatively with a sling and
immobilization. Far displaced AC joint may need
a surgical intervention.

23.8.2 Fractures Around
the Shoulder
The clavicle is the most commonly fractured
bone around the shoulder in basketball [29].
Fractures usually occur by direct falling onto the
shoulder or outstretched hand. The diagnosis can
be made by plain radiographs. Treatment is either
conservative via a sling in minimally displaced
fractures or by surgical means in displaced or
open fractures. Return to gameplay is allowed
after a painless clavicle and radiographic union
with full ROM and strength.
Fractures of the proximal humerus do not
occur frequently in basketball. In addition to
plain radiographs, CT can be used in diagnosis to
identify the type of the fracture and decide for the
treatment method. These fractures can sometimes
be with labral or rotator cuff pathologies. In
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displaced or intraarticular humerus fractures, surgical treatment is usually the preferred method.
Scapula fractures involving the body, glenoid
neck or rim, coracoid, and acromion are also rare
in basketball players. In addition to routine AP,
axillary, scapular Y radiographic views, West
point view is helpful in determining these fractures. For glenoid rim fractures, bony Bankart
lesions with instability should be kept in mind.

23.8.3 Rotator Cuff Tears
Rotator cuff pathologies are common in overhead
throwing athletes, but most of them are asymptomatic. In a study by Connor et al., 40% of
asymptomatic overhead throwing athletes were
found to have rotator cuff tear at any degree in
their dominant shoulders [43]. Traumatic rotator
cuff tears occur infrequently in athletes younger
than 35 years of age [29]. While significant
trauma to the shoulder is a predisposing factor for
rotator cuff tears in young athletes, it is usually
the result of the combination of degeneration,
instability, and impingement in older athletes
[44, 45]. Chronic overuse may also lead to these
kinds of injuries. The diagnosis is mainly based
on MRI (Fig. 23.3) in combination with the physical examination and specific shoulder tests as
mentioned above. The treatment of rotator cuff
tears with partial thickness depends on the size,
location, quality of the tendon, and patient’s
characteristics. Conservative treatment is usually
the first choice in managing these pathologies;
however, failure of conservative treatment over
several months would result in consideration of
surgical intervention. Partial tears below 50%
thickness could be managed conservatively. If the
tear involves between 50% and 75% thickness,
surgery should be considered. Full thickness
rotator cuff tears have poor prognosis even if
treated surgically [46].

23.8.4 Internal Impingement
Internal impingement of the shoulder occurs
when a repetitive throwing motion results in
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Fig. 23.3 Coronal MRI View of articular rotator cuff tear

anatomic adaptations of the shoulder joint and its
surrounding structures [47]. Walch et al., and
then Jobe, popularized the concept of internal
impingement as a cause of rotator cuff and
labrum pathologies in the overhead throwing athletes [48]. The hypothesis is that repeated excessive shoulder abduction and external rotation
may lead to impingement of the posterosuperior
glenoid and undersurface of the rotator cuff. With
the addition of fatigue on the shoulder, anterior
humeral translation with microinstability may
cause labral abrasion. Treatment is usually nonoperative by decreasing the inflammatory process and rebalancing the scapula.

23.8.5 Biceps and SLAP Lesions
During the throwing motion, the overhead throwing athlete places the shoulder in increased horizontal extension over rotation repeatedly. There
is an anatomic adaptation to throwing shoulder in
the body. The most common adaptive change is
the increase in external rotation and decrease in
internal rotation at 90° of abduction. This pattern
is called “GIRD” (glenohumeral internal rotation
deficit) which has been defined in the literature in
multiple studies [47, 49, 50]. This adaptation
which seems to have beneficial effect on the ath-

lete also can predispose the shoulder to pathologies of biceps, rotator cuff, and the labrum.
Though the exact mechanism of SLAP lesions
remains controversial, several mechanisms of
injury for SLAP lesions have been defined in the
literature in the overhead throwing athletes [47,
51]. One of them is the eccentric load to the
biceps–labral complex during throwing, which
results in repetitive traumatic injury. Another
mechanism includes a fall on the outstretched
arm and a combination of compression and subluxation forces on the joint. Internal impingement, which is mentioned above, is the basic
mechanism of posterior type II SLAP lesions.
In the clinical evaluation of overhead throwing athletes with SLAP lesions, anterior shoulder
pain with “clicking” sensation is usual. There
may be associated rotator cuff pathology or subacromial impingement that may give different
clinical symptoms. If the internal rotation of both
shoulders are different than each other by 25° or
more, the athlete may have GIRD, which may be
a predisposing factor for SLAP tears. Yergason
and Speed’s tests should be performed to check
any biceps tendinopathy. O’Brien’s, apprehension, anterior slide, and Jobe’s tests are the specific tests described to help detect SLAP lesions.
Radiographic evaluation includes AP, axillary,
and scapular Y views. MRI and particularly MRI
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Fig. 23.4 (a) Axial MRI view of traumatic SLAP lesion and labral tear. (b) Coronal MRI view of the same lesion

with arthrogram are the preferred methods of
imaging for SLAP lesions (Fig. 23.4).
The treatment should start with nonoperative
management. Rest, NSAIDs, and stretching exercises are the first steps of conservative treatment.
Treatment of GIRD (90% of throwers with symptomatic GIRD will respond to posterior capsular
stretching program) and scapular dyskinesis, if
present, is essential in the conservative management of SLAP lesions [17]. In a study of Edwards
et al., nearly 70% of the athletes with SLAP
lesions who were treated nonoperatively were
able to return to play at the same level [52].
Failure of conservative treatment for SLAP
lesions may require surgical intervention in overhead throwing athletes.

23.8.6 Scapular Dyskinesis
Scapular dyskinesis is a common pathology seen
in overhead throwing athletes which is a cause
for pain and dysfunction. It may be seen up to
67–100% in athletes with shoulder injury, and it
can cause shoulder injury itself [53]. Whether
scapular dyskinesis is a primary pathology or a
secondary pathology caused by abnormal shoulder biomechanics is still a matter of debate. The
term SICK scapula is defined as scapular malpo-

sition and dyskinesis with inferomedial border
prominence and pain in the coracoid process with
malposition [47]. Scapular instability may result
in dysfunction of glenohumeral and scapulothoracic joints. Diagnosis should be made as soon as
possible to prevent further injuries to the shoulder. Conservative treatment and prevention
are the primary treatment objectives.

23.9

Principles of On-Field
Evaluation

When an athlete sustains an acute injury on the
field, the medical team should follow an algorithm for evaluation of the athlete to minimize the
life-threatening risks of the injury [27]. Obvious
extremity injuries should not be the primary concern, instead basic life support should be maintained in all on-field injuries. Once life-threatening
emergencies are ruled out, affected extremity can
be evaluated in detail. Simple injuries like contusion or minor sprains are usually managed expectantly with or without removal from the play. The
examiner should pay attention to extremity-
emergent symptoms such as intense pain, deformity, pulselessness, decreased sensation, or
discoloration of the affected extremity. If one or
more of these symptoms are found, the athlete
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may require more urgent or emergent intervention. Once the red flag symptoms have been ruled
out, ROM of the affected joint should be evaluated. The examiner can make a preliminary diagnosis with such algorithm.
After the initial diagnosis, the examiner or the
medical staff should decide if the player can
remain in the game or should be removed from
the competition. If an athlete is removed from
play, a thorough examination should be performed in a secure environment. The examiner
then decides if any further orthopedic evaluation
or imaging is necessary or not. It should be kept
in mind that the primary objective should be protecting the injured athlete’s safety.
There are several key points below for on-field
management of shoulder injuries in basketball [3]:
• Proximal humerus or clavicle fractures may
be supported by a sling. Unstable fractures
seen on the field should be stabilized before
removing the athlete from the field. Once stabilization has been completed, the athlete
should be taken from the play and requires
further evaluation with imaging for a proper
treatment decision. Immediate return-to-play
is not allowed.
• Glenohumeral dislocations can be diagnosed
by deformity and pain on the shoulder with
the player unable to move the shoulder joint.
When diagnosed, the player should be taken
away from the field and assessed again in a
secure area such as the training room. The
medical staff should decide whether or not an
acute reduction attempt is appropriate. If there
are red flag symptoms or if the medical staff is
not experienced, the reduction maneuvers
may be performed in emergency departments.
After a successful reduction attempt, the
player should be applied a sling. Further evaluation results for associated injuries should be
obtained before the decision for treatment is
made. Immediate return-to-play is not
allowed.
• AC separations are generally difficult for
reduction on the field. Once diagnosed, the
player should be removed from the competition and the shoulder placed in a sling for sup-

port. Further evaluation will be necessary for
treatment decision. Immediate return-to-play
is not allowed.

23.10 Summary
With its evolving nature from a finesse sport to a
highly physical one, individuals who play competitive basketball have become more susceptible
to acute illness or injuries. Although shoulder
injuries in basketball are not very common, they
can affect the performance of the athlete and may
even lead to career-ending results. On average,
increases in performance load are positively
associated with higher injury risk. Strength and
conditioning programs may play a role in prevention of shoulder injuries. In particular, pre-season
conditioning programs appear to be effective in
reducing these injuries. At least one rest day per
week and additional periods of time away from
organized sports are recommended for physical
recovery, and avoiding burnout. Once injured,
proper history and physical examination, along
with appropriate imaging modalities, contribute
to creating a rational treatment plan. Acute injuries on the field require an evaluation algorithm
that will secure the player from further damage
and result in a speedy recovery to preinjury
levels.

Fact Boxes

• The balance between the mobility and
stability might sometimes be interrupted
in the shoulder joint causing injuries.
• Shoulder injury rates are slightly higher
during competition than practice.
• Acute injuries to the shoulder are usually the result of direct or indirect
trauma; while chronic injuries are associated with overuse and repetitive
microtrauma.
• In upper extremity, injuries to the shoulder in basketball players are uncommon
compared to the fingers, hand, and arm.
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• The primary mechanism of shoulder
injuries in basketball is the player-to-
player contact.
• A detailed history with systematic
approach is crucial for the differential
diagnosis of the professional athlete.
• Specific shoulder tests for unique
pathologies may help the examiner for
the diagnosis.
• AP, axillary, and scapular Y views are
routine radiographs in the management
of shoulder injuries in basketball.
• Conservative management is the mainstay of treatment in shoulder injuries
seen in basketball players.
• Axillary neuropathy may be seen up to
35% of first-time anterior shoulder
dislocations.
• The clavicle is the most commonly fractured bone around the shoulder in
basketball.
• Rotator cuff pathologies are commonly
found, yet most of them are asymptomatic in professional athletes.
• GIRD (glenohumeral internal rotation
deficit) may predispose the shoulder to
biceps, rotator cuff, and labral pathologies in overhead throwers.
• The primary objective of on-field evaluation is to protect the injured athlete’s
safety.
• Strength and conditioning programs
appear to be effective in reducing shoulder injuries in basketball.
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Introduction

Anatomy: The shoulder is a ball and socket joint
that allows for the largest arc of motion of any
joint in the human body. This wide range of
motion comes at the expense of decreased stability. The delicate balance between motion and
stability is achieved by the intricate anatomy of
the glenohumeral joint, including both static
and dynamic stabilizers [1–3]. Bony static stabilizers include the glenoid, humeral head, and the
proximal humerus. The articular conformity of
the glenohumeral joint is relatively poor compared to other ball and socket joints. The glenoid is pear-
shaped with the inferior aspect
forming a true circle [4]. Contrarily, the humeral
head is shaped like a sphere and has three times
the surface area of the glenoid with only 25–30%
of the humeral head articulating with the glenoid at any given position [3]. This poor bony
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congruency highlights the need for appropriately functioning soft tissue stabilizers about the
shoulder joint.
Soft tissue static stabilizers include the glenoid labrum, glenohumeral ligaments, joint capsule, and negative intra-articular pressure. The
labrum is a triangular rim of fibrocartilaginous
tissue that deepens the glenoid articulation and
increases shoulder stability by 10% [5, 6]. The
capsular attachments to the labrum, known as the
capsulolabral junction, adds further static stability to the glenohumeral joint. The most important
components of the shoulder capsule are the glenohumeral ligaments. Each ligament provides
static stability in addition to secondary dynamic
stability based on the position of the shoulder.
The inferior glenohumeral ligament (IGHL) is
the most important ligament when considering
anteroinferior and posteroinferior instability of
the shoulder. The IGHL has an anterior and posterior band with a capsular bridge that acts like a
“hammock” around the inferior proximal
humerus (Fig. 24.1) [2, 7, 8]. The posterior band
helps resist posterior instability by tightening
when the arm is in the adducted, flexed, and internally rotated position. Conversely, the anterior
band resists anteroinferior instability with the
arm in the flexed, abducted, and externally rotated
position. When the capsule and glenohumeral
ligaments are intact, a negative-pressure “vacuum effect” is created, which further contributes
to static stability of the shoulder [9, 10].
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Fig. 24.1 The IGHL acts as a sling or “hammock” to provide anteroinferior stability to the shoulder joint. IGHL
inferior glenohumeral ligament

Dynamic stabilizers of the glenohumeral joint
include the rotator cuff, deltoid, and long head of
the biceps tendon. The rotator cuff is the most
important dynamic stabilizer. It acts as a dynamic
compressor of the humeral head against the glenoid, especially during the initiation of glenohumeral movement. Furthermore, direct attachment
of the rotator cuff to the capsule increases articular tension while providing proprioceptive feedback [11, 12].
Pathoanatomy: The Bankart lesion is an
anteroinferior labrum tear and is the classic,
pathognomonic lesion of anterior shoulder instability. It was first described in 1923 by the English
surgeon Arthur Bankart in his report of four cases
that each demonstrated this lesion [13]. He stated
that “the head shears off the fibrous capsule of the
joint from its attachment to the fibro-cartilaginous
glenoid ligament. The detachment occurs over
practically the whole of the anterior half of the
glenoid rim.” Bankart also acknowledged the
importance of capsular laxity but maintained that
the capsulolabral injury is the sentinel pathologic
lesion of anterior shoulder instability, and this
concept has largely stood the test of time.
Since its original description, variations of the
Bankart lesion have been identified as well. A
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“bony Bankart” refers to a Bankart lesion that
includes an associated anteroinferior glenoid
fracture that becomes detached with the torn
labrum. Another variation is the anterior labral
periosteal sleeve avulsion (ALPSA) lesion, which
occurs when a sleeve of the glenoid periosteum
peels off with the Bankart lesion.
As described by Bankart, the anterior capsule
and specifically the IGHL become injured and
stretched during an anterior dislocation. In severe
cases, the IGHL can become detached from its
humeral attachment, known as a humeral avulsion of the inferior glenohumeral ligament
(HAGL) lesion. This is a severe finding that
necessitates surgical management, which will be
discussed further in the treatment section. During
an anterior dislocation, a Hill-Sachs lesion often
develops, which is an impaction injury to the posterior humeral head from contact against the
anterior glenoid.
The posterior side of the shoulder is slightly
different in its pathoanatomy compared to the
anterior side. A traumatic posterior dislocation
can result in a labrum tear with an associated capsular injury. However, subtle posterior instability
from repetitive trauma is more common because
the posterior band of the IGHL is typically not as
thick as the anterior band. Since ligamentous
support of the posterior capsule is thinner and
weaker compared to the more robust anterior
side, repetitive trauma may alter the elasticity of
the capsule, resulting in a more subtle instability
pattern highlighted by capsular laxity.
Spectrum of Instability: Shoulder instability
includes a broad spectrum of clinical presentations. Athletes may present after a complete dislocation, subluxation, or subtle micro-instability
from repetitive trauma. A complete dislocation
occurs when the humeral head no longer articulates with the glenoid surface and remains completely non-articulating. A full dislocation
invariably requires the shoulder to be relocated
with a reduction maneuver, which may be performed manually by the athlete or by a certified
health professional. A subluxation is a partial dislocation that auto-reduces before full dislocation
can occur. Athletes will often report a sliding sen-
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sation in his or her shoulder but will deny feeling
the shoulder locked in a dislocated position.
Subtle micro-instability from repetitive trauma
usually does not have a traumatic mechanism.
Instead, patients will report a gradual sensation
of pain and/or not trusting the shoulder because
of apprehension despite denying a true dislocation or subluxation event.
Epidemiology: Anterior shoulder instability
most commonly occurs in the young and athletic
population. Males have a much higher rate of
shoulder instability compared to females with
most studies reporting a 70–85% male predominance [14–16]. The incidence of anterior shoulder instability has been estimated between 8 and
23.9 per 100,000 person-years [17, 18]. This can
be higher in athletes who participate in collision
sports, including football, rugby, wrestling, and
overhead throwing sports. Moreover, the incidence in military personnel has been estimated as
1.69 per 1000 person-years, which is even higher
than contact athletes [17]. Owens et al. investigated 4080 glenohumeral instability events in
National Collegiate Athletic Associate (NCAA)
athletes during a 15-year period [15]. They
reported an incidence of 0.12 injuries per 1000
athlete exposures. Dislocations were more likely
to occur in male athletes (relative risk 2.67) and
during collegiate games as opposed to practice
(relative risk 3.50). More than 10 days of time
lost from sport occurred after 45% of instability
events.
Only a few studies have reported the epidemiology of shoulder instability in high-level
basketball players. Recent studies have highlighted that basketball players have an increased
risk of shoulder instability compared to many
sports. This risk is often underappreciated
because basketball is not considered a true contact or overhead sport. However, basketball
necessitates low-velocity contact while performing frequent overhead maneuvers, leaving
players in a potentially vulnerable position for
shoulder injury. Recently, the Multicenter
Orthopaedic Outcomes Network (MOON)
Shoulder Instability Group investigated 863
patients after surgical management for primary
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shoulder instability [14]. They found that 709
patients (82%) were male and the average age
was 24 years old. The primary direction of
instability was anterior in both male (74%) and
female (73%) patients, and posterior instability
accounted for 23% of cases. The rate of shoulder dislocation requiring formal closed reduction was highest among male patients less than
20 years old. Moreover, a labrum tear (66%) and
Hill-Sachs lesion (41%) were the most frequent
concomitant injuries. Trauma from playing
sports was the mechanism of injury for 644
patients (75%), and basketball was the second
most common sport in which primary shoulder
instability occurred, accounting for 13% of all
dislocations.
Another recent epidemiological study by
Kraeuter et al. compared rates of shoulder instability in high school and college athletes and
found basketball to be a high-risk sport for shoulder instability, especially in college athletes [19].
Both male and female college basketball players
had a significantly higher risk of shoulder dislocation (relative risk 2.99 and 2.28, respectively)
compared to high school basketball players.
Player to player contact was the most common
mechanism, and dislocations were just as likely
to occur in practice or competition.
An epidemiological database study of National
Basketball Association (NBA) injuries found that
shoulder instability accounted for 57 injuries
over a 17-year period, which was only 0.5% of all
injuries reported [20]. This seemingly low number is likely due to the extremely high rate of
other, more common musculoskeletal injuries in
basketball players, including lateral ankle sprains,
patellofemoral inflammation, lumbar strains, and
hamstring strains. Furthermore, NBA players are
elite athletes that likely have the muscle strength,
coordination, and proprioception to minimize
shoulder instability compared to amateur basketball players. Nonetheless, Minhas et al. investigated the most common orthopedic procedures
performed on NBA players and found shoulder
instability surgery (46 cases) to be the fourth
most frequent surgery performed, accounting for
13.2% of all cases [21].
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examination should begin with inspection for any
swelling or obvious deformity. Palpation of the
• The shoulder joint is a minimally conentire shoulder girdle can reveal a concomitant
strained ball and socket joint that allows
injury to the sternoclavicular (SC) joint, acromiofor a wide range of motion at the expense
clavicular (AC) joint, clavicle, or proximal
of stability.
humerus. A concomitant fracture can accompany
• The anteroinferior labrum and anterior
a shoulder dislocation in up to 18% of anterior
band of the IGHL are the most comshoulder dislocations [22]. Next, the examiner
monly injured structures after an anteshould assess both active and passive range of
rior instability event.
motion of the shoulder in forward flexion, abduc• Shoulder instability occurs along a
tion, internal rotation, and external rotation.
broad clinical spectrum, including comRotator cuff strength testing should be performed
plete dislocation, partial dislocation
and any weakness should raise suspicion for pos(i.e., subluxation), and repetitive
sible rotator cuff tear or nerve injury. In a recent
micro-trauma.
review, the incidence of axillary nerve injury
• Basketball necessitates low-velocity
after shoulder dislocation varied from 3.3% to
contact and frequent overhead move40% with most of the injuries being neuropraxic
ments, placing these athletes at a higher,
injuries that resolved spontaneously without speoften underappreciated, risk for shoulcial intervention [23, 24]. Every patient should
der instability.
also be assessed for hyperlaxity by testing for a
sulcus sign and assessing Beighton’s criteria.
Special tests should be performed last, including
the apprehension test, Jobe relocation test, load
24.2 Diagnosis
and shift test, anterior jerk test, and posterior jerk
Evaluation of an athlete with shoulder instability test. The apprehension test and Jobe relocation
should begin with a comprehensive history. test are particularly useful exam maneuvers when
Determining the type of instability event (i.e., assessing anterior instability. A positive appredislocation, subluxation, or repetitive micro- hension test is particularly useful as it has demtrauma) is extremely important. The patient can onstrated a 96% positive predictive value for a
often provide valuable information that will help Bankart tear [25].
While anterior instability is a relatively
the physician determine the exact nature of the
instability event. The physician should always straight forward diagnosis, posterior instability
ask if the patient required a shoulder reduction, can be more challenging because of its often-
and if so, how the reduction was performed and subtle presentation. Posterior instability has a
who performed the reduction. The patient should wide spectrum of clinical manifestations from
also be asked how long the shoulder remained subtle subluxation to prominent dislocation.
dislocated until the reduction was performed. Symptoms include pain, inability to fully particiHand dominance, history of index injury, mecha- pate in athletic events, and inability to reach
nism of injury, position of the shoulder at the desired level of activity. Unlike patients who
time of injury, competitive level, position played, experience anterior instability, patients with posnumber of previous instability events, and goals terior instability often present with a chief comfor return to play should be assessed. Furthermore, plaint of posterior shoulder pain as opposed to
the physician should document any other history shoulder instability. Therefore, posterior instabilof contralateral shoulder instability events or pre- ity can be an often-overlooked diagnosis.
Whenever an athlete reports posterior shoulder
vious surgeries to either shoulder.
After acquiring the entire relevant history, a pain during physical activity that loads the shoulcomplete, detailed neurologic examination of der joint, a diagnosis of posterior instability
both upper extremities should be performed. The should be considered. The diagnosis is often conFact Box
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firmed by provocative exam maneuvers, includ• The physical examination should start
ing the posterior jerk test, Kim test, posterior
with painless, benign maneuvers and
stress test, and the load and shift test [26, 27].
progress to more invasive, special testThere is a 97% sensitivity to diagnose posterior
ing at the end of the exam.
instability when the Kim test and the jerk test are
• All basketball athletes should be asked
both positive [27].
about and tested for hyperlaxity at the
Basic and advanced imaging of the affected
time of evaluation as hyperlaxity is quite
shoulder should complement the history and
common in this population.
physical examination. Any pre- and post-
•
Advanced imaging is recommended for
reduction shoulder radiographs must be reviewed.
all patients to better appreciate the
A radiographic shoulder series should include at
injury pattern and to help develop a
least a true AP, scapular Y, and axillary views.
treatment plan.
Additional views, including a Stryker notch and
West Point view, can provide further details on
Hill-Sachs lesions and Bankart lesions, respectively. Magnetic resonance imaging (MRI) with
or without arthrogram should be obtained to fur- 24.3 Treatment
ther evaluate the shoulder joint and any concomitant pathology. We prefer a non-arthrogram study The decision for how to treat a basketball player
at our institution to avoid distorting any injured with shoulder instability is dependent on many
structures in or around the shoulder joint. Special factors, including the player’s age, level of comattention should be paid to the glenoid labrum, petition, position, time of season, and history of
capsule, IGHL, and rotator cuff when evaluating previous dislocations. Educating the patient
the MRI. In the setting of a large, bony Bankart about various treatment options and mutual
making is important for successful
lesion or glenoid bone loss, a computed tomogra- decision-
treatment.
The pros and cons of both nonsurgical
phy (CT) scan should be obtained to better assess
and
surgical
management should be discussed
any bony deficiencies. A three-dimensional CT
with
the
patient
and his or her family. It is imperreconstruction of the glenoid and humerus can be
ative
that
the
physician
provides adequate inforparticularly helpful in visualizing bone loss on
mation so an informed decision can be made.
both the glenoid and proximal humerus [28].
By paying careful attention to the patient’s Elite athletes may have more complicated perhistory, physical examination, and imaging find- sonal circumstances, including contract status,
ings, the treating physician can make an accurate monetary incentives, and organizational expectadiagnosis. Once the correct diagnosis is deter- tions. Regardless, the physician should not be
mined, the physician can formulate a treatment swayed by these additional factors. Instead, the
plan that allows the athlete to safely return to focus should remain on helping the patient make
sport with as little time lost from competition as the best decision that will optimize effective
possible. This will be the focus of the remaining return to play and preserve the long-term health
of his or her shoulder.
sections.
Regardless of the patient’s level of play, the
physician’s first responsibility is the well-being
of the patient, which requires choosing a treatFact Box
ment plan that reduces the risk of future instabil• Evaluation of a basketball athlete with
ity events. While once regarded as a relatively
shoulder instability should begin with a
benign event, a recurrent shoulder dislocation
complete history, including descripoften causes further harm to the shoulder joint,
tions of previous and current shoulder
including increased glenoid and humeral bone
injuries.
loss, worsening labrum tears, and increased
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capsular stretch [29, 30]. This can complicate the
treatment algorithm and dictate more of a
salvage-type procedure in the primary setting,
which limits future options if the patient were to
have a complication or fail primary surgery.
The first major decision to make is whether to
choose nonoperative or operative management. If
operative management is chosen, the next major
decision is choosing the appropriate surgical procedure, i.e., arthroscopic Bankart repair, open
Bankart repair, or a glenoid bone augmentation
procedure, such as the Latarjet procedure. The
rest of the section will focus on indications and
results of the various treatment options for shoulder instability in basketball athletes.
Nonsurgical Management: Nonoperative treatment for shoulder instability has shown considerable variability in its effectiveness and remains
controversial in the athletic population [15, 31–
35]. Conservative management entails an initial
period of brief sling immobilization (3–7 days)
followed by a graduated physical therapy program focused on regaining shoulder range of
motion and strength before returning to sport-
specific drills [32, 36, 37]. Return to play is
allowed once the patient demonstrates full, pain-
free range of motion with full protective strength
and no apprehension on physical exam. This usually takes 3–6 weeks but occasionally up to
8 weeks depending on the type of instability
pattern [38]. A restrictive brace can be used by the
athlete when returning to play, which can provide
extra support to the shoulder and limit the athlete’s ability to place the arm in a vulnerable position. While bracing is a common practice because
it provides subjective improvement in stability,
there is no clinical evidence to support its use in
preventing recurrent instability [33]. Furthermore,
it is our experience that many basketball players
find such a brace too restrictive and often decide
against wearing one during competition.
The success of conservative management is
extremely variable following a first-time, traumatic shoulder dislocation. While conservative
management has the potential benefits of avoiding surgery and returning an athlete to play during the same season, it does have a significant
risk of sustaining a recurrent instability event.
This should not be overlooked and must be heav-
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ily considered by the treating physician because
each recurrent dislocation risks further damage to
the shoulder joint.
Age at the time of dislocation is one of the
most important risk factors in determining the
success of conservative treatment [34, 39–42].
Sachs et al. demonstrated that age under 25 years
is a significant risk factor for re-dislocation following primary anterior shoulder instability [40].
Marans et al. revealed a 100% recurrent dislocation rate in adolescents treated with sling immobilization for 6 weeks [41]. This is consistent with a
study from the United States Military Academy
that reported a 92% recurrence rate in young athletes following conservative management [34].
Hovelius et al. reported a recurrence rate of 27%
in patients older than 30 years but a 72% recurrence rate in athletes younger than 23 years, suggesting that appropriately chosen patients above
the age of 30 may be amenable to nonoperative
management [42]. Buss et al. showed an 86%
return to sport rate without sling immobilization
in a group of competitive high school and collegiate athletes, but 37% of the athletes experienced
at least one recurrent instability event [32]. These
athletes missed an average of 10.2 days (range
0–30 days) of sports participation with 27 of 30
athletes returning to play within 2–3 weeks.
Dickens et al. found that 73% of NCAA athletes were able to return to sport after an instability episode at a median of 5 days after injury [33].
However, 63% had a recurrent dislocation after
returning to play. They found that athletes with a
subluxation were 5.3 times more likely to return
to sport compared to athletes with a dislocation.
Similarly, Shanley et al. recently found that high
school athletes who sustained a subluxation were
three times more likely to successfully return to
sport without recurrent instability after conservative management compared to athletes who sustained a dislocation [43].
Another study by Dickens et al. found that
only 40% of athletes successfully returned to
play without recurrence during a subsequent season following shoulder dislocation compared to
90% of athletes who successfully returned after
surgical repair [33]. Athletes were 5.8 times more
likely to successfully return for the following
season after surgical repair. Return to play rates
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were the same between athletes who sustained
one or multiple in-season dislocation events.
A recent meta-analysis of randomized clinical
trials found a 52.9% re-dislocation rate after conservative management compared to a 7.9% re-
dislocation rate after surgical repair [44]. They
also found that arm position during immobilization (e.g., external rotation versus internal rotation) had no effect on re-dislocation rates.
It is our experience that the age of the athlete,
physical exam findings, number of previous dislocations, competitive level, and timing within a
season are the most important factors to consider
when weighing the option of nonoperative management after a primary shoulder dislocation.
Only patients who are at a low risk for recurrent
dislocation should be indicated for possible conservative management. Therefore, the indications
for conservative management are very narrow
and include very young patients (i.e., age 10–13),
a first-time dislocation, less than 10% glenoid
bone loss, intact rotator cuff, and a non-engaging
Hill-Sachs lesion. Relative indications for nonoperative management include recreational basketball players over the age of 30 who meet the
above criteria and are willing to modify their
activities during a trial of conservative management. The role of conservative management is
less clear for athletes between the ages of 20 and
30. The recurrence rate for athletes younger than
Fig. 24.2 Decision-
making algorithm for
nonoperative versus
operative management
in a patient presenting
after shoulder
dislocation
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30 after conservative treatment is three times
higher than those having surgical repair [45, 46].
Similarly, we have found that athletes in this controversial age range are usually best treated surgically unless the patient is a casual, recreational
player with a first-time dislocation who is willing
to modify activities.
Conservative management is a particularly
appealing option when a high-level athlete experiences a dislocation in the first half of a season
since surgery would require missing the entire
season. However, managing an isolated in-season
dislocation in the elite athlete remains controversial with no clear guidelines available in the literature. Each case should be managed individually
based on the athlete’s history, physical exam,
imaging findings, and individual circumstances.
Avoiding a lost season should not be the main
motivator when managing an athlete after an in-
season dislocation.
Contraindications to conservative management include age under 20 years old, presence of
a concomitant operative injury such as rotator
cuff tear or HAGL lesion, greater than 15% glenoid bone loss, history of more than one
dislocation, generalized hyperlaxity, marked
apprehension on physical exam, or failure to
return to sport after previous conservative management. A decision-making algorithm for conservative management is presented in Fig. 24.2.
First time shoulder dislocation?

Yes

No

Age over 30?
Recreational player?
Willing to alter activities?
no glenoid bone loss?
no other operative injury?
OR
Age <13 years?
Yes

Consider Nonoperative
Management

No

Recommend Surgical
Management
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Surgical Management: Early operative treatment for anterior shoulder instability has gained
popularity as a growing amount of evidence supports a high rate of successful return to play with
decreasing recurrence rates, especially in young
and active athletes [38, 44, 47–50]. Many physicians now favor early operative intervention
within a few weeks of the initial injury, especially
when the patient is not indicated for conservative
management. Absolute indications for surgical
management include an associated operative
injury, including >50% rotator cuff tear, HAGL
lesion, >15% glenoid bone loss, >25% humeral
head articular surface defect, proximal humerus
fracture requiring surgery, irreducible dislocation, or non-concentric reduction. Further indications for operative management include patient
age less than 20 years, greater than two dislocations, participation in overhead or contact sports,
injury near the end of a season, failure of conservative management, or inability to perform sport-
specific drills without apprehension.
a

Determining the appropriate surgical procedure for each patient is a critical decision that can
heavily influence the patient’s outcome.
Historically, an open Bankart repair was the procedure of choice for anterior shoulder instability.
This procedure allows the surgeon to directly
visualize the detached labrum and then perform a
labrum repair with a formal capsular shift. As
shoulder arthroscopy gained popularity, many
surgeons attempted arthroscopic Bankart repair
with capsulorrhaphy. An arthroscopic approach
offers the advantage of preserving the subscapularis attachment and reducing postoperative stiffness, especially loss of external rotation.
Regardless of the chosen technique, the main
surgical goal is to restore normal capsulolabral
anatomy. This requires (1) strong fixation of the
labrum back onto the glenoid face to recreate the
normal “bumper” effect of the labrum and (2)
appropriate capsulorrhaphy to reduce the distorted capsular volume (Fig. 24.3). This was
highlighted in a study by Speer et al., which

b

c

e

f

**

d

Fig. 24.3 Arthroscopic Bankart repair of a left shoulder in
an 18-year-old female. (a) Identification of the Bankart
lesion (arrow) and IGHL (double asterisk). (b) Placement
of the arthroscopic probe into the Bankart lesion to signify
adequate preparation of the labrum from the glenoid surface. (c) Bankart lesion fully prepared for fixation. (d)

Insertion of initial suture tape through the labrum beneath
the IGHL. (e) Placement of third suture for Bankart repair.
Note that the second suture tape also captured the IGHL to
achieve adequate capsular shift. (f) Final construct with
labrum “bumper” effect restored with associated reduction
of capsular volume. IGHL: inferior glenohumeral ligament
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demonstrated that isolated Bankart lesions are
less likely to provoke complete dislocation unless
there is a capsular injury [51].
Initially, results following an arthroscopic
repair were inferior to results after open repair,
demonstrating higher re-dislocation rates [52–
54]. However, with the evolution of advanced
arthroscopic techniques and equipment, multiple
modern studies have shown at least equal outcomes between open and arthroscopic Bankart
repairs [48, 49, 55–57]. As a result, arthroscopic
Bankart repair with capsulorrhaphy is now commonly the surgical method of choice for the
majority of surgeons [58–60].
Owens et al. performed a randomized control
trial comparing arthroscopic and open Bankart
repair in young, competitive athletes who
sustained only shoulder subluxations without any
associated bone loss [61]. At 2-year follow-up,
there was no difference in outcome scores or
recurrent subluxation rates based on operative
approach. Three patients in each group experienced recurrent subluxations and no dislocations.
Outcomes scores were significantly better in
patients with three or less subluxations prior to
surgery compared to patients with greater than
three subluxations prior to surgery, which advocates for early surgical management in this
patient population.
While arthroscopic Bankart repair is a very
successful surgery when performed for appropriate indications, the open Bankart repair is still a
valuable surgery with distinct advantages over an
arthroscopic repair, especially in the setting of
chronic shoulder instability (>2 shoulder dislocations), revision stabilization surgery, collision
athletes, generalized hyperlaxity, and significant
capsular stretch that cannot be adequately
reduced arthroscopically. In these instances, open
procedures have demonstrated superior outcomes
compared to arthroscopic repair [44, 62]. A
recent meta-analysis by Kavaja et al. demonstrated decreased recurrence rate after open
Bankart repair compared to arthroscopic repair in
the setting of chronic shoulder instability (5.8%
versus 13.4%, respectively) [44]. Similarly, a
2018 study by Su et al. revealed a 42% recurrent
instability rate in patients who underwent a revi-
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sion arthroscopic Bankart repair [62]. The presence of an engaging Hill-Sachs lesion, age less
than 22 years, and ligamentous hyperlaxity were
independent predictors of recurrence in their
cohort.
To help stratify patients at risk for failing an
arthroscopic Bankart repair, Balg and Boileau
developed the Instability Severity Index Score
(ISIS) to stratify a patient’s risk of failure following arthroscopic Bankart repair (Fig. 24.4) [39].
They reported the following risk factors for
recurrence of instability following arthroscopic
repair: age less than 20 years at the time of surgery, involvement in competitive/contact sports
or those involving forced overhead activity,
shoulder hyperlaxity, Hill-Sachs lesion present
on anteroposterior radiograph with the shoulder
in external rotation, and/or loss of the sclerotic
inferior glenoid contour. This highlights that the
decision to perform an open or arthroscopic
repair should be largely dictated by extent of
bony involvement, associated risk factors, and
ultimately surgeon preference [63, 64].
In the setting of multiple dislocations, revision
instability, and/or anterior glenoid bone loss
greater than 15%, a glenoid bone augmentation
procedure is usually the preferred treatment. The
most commonly performed bone augmentation
procedure is the Latarjet procedure, which transfers the coracoid process with the attached conjoint tendon to the anteroinferior glenoid. This
creates a very stable construct that works through
the “triple threat” mechanism of (1) glenoid bone
augmentation, (2) sling effect from the conjoint
tendon going over a subscapularis split, and (3)
capsular shift/closure [65–67]. While the Latarjet
procedure can be a very successful procedure, it
does alter the normal anatomy and requires a
steep learning curve. It also has a larger complication rate (15–30%) with a potentially more
severe complication profile, including neurovascular injury, abrasion of humeral head cartilage
against the bone block and screws, and bone lysis
[68–70]. Many of these complications can be
avoided with appropriate surgical experience and
technique, and good patient outcomes with low
recurrent instability rates are common after the
Latarjet procedure [57, 67, 71–74].
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Fig. 24.4 The
Instability Severity
Index Score (ISIS) is a
10-point scale to help
determine a patient’s
risk for recurrent
shoulder instability
following arthroscopic
Bankart repair. A score
greater than 6 imparts a
70% chance of recurrent
dislocation after
arthroscopic repair
(Reproduced with
permission from: Balg F,
Boileau P. The
instability severity index
score. A simple
preoperative score to
select patients for
arthroscopic or open
shoulder stabilization. J
Bone Joint Surg Br.
2007;89 (11):1470–7)

Prognostic factors
Age at surgery (yrs)
20
> 20

Points
2
0

Degree of sport participation (pre-operative)
Competitive
Recreational or none

2
0

Type of sport (pre-operative)
Contact or forced overhead
Other

1
0

Shoulder hyperlaxity
Shoulder hyperlaxity (anterior or inferior)
Normal laxity

1
0

Hill-Sachs on AP* radiograph
Visible in external rotation
Not visible in external rotation

2
0

Glenoid loss of contour on AP radiograph
Loss of contour
No lesion
Total (points)

2
0
10

* AP, anteroposterior

Anterior glenoid augmentation with a free
bone block is an alternative option in lieu of a
Latarjet procedure or in the setting of a previously failed Latarjet procedure. The most commonly used bone blocks are either iliac crest
autograft or distal tibial allograft [75–78]. There
are multiple advantages of a free bone block procedure, including maintenance of normal coracoid anatomy and ability to salvage a failed
Latarjet procedure. Drawbacks of the procedure
include morbidity from iliac crest harvest, loss of
the “sling effect” from the conjoint tendon, and
bone block resorption, especially with allograft
bone [79, 80]. In general, clinical results following glenoid augmentation with a free bone block
are similar to results following a Latarjet procedure, making it a viable option in the primary or
revision setting [81, 82].
In summary, we recommend meticulous
assessment of each patient’s risk profile prior to
selecting a surgical procedure. Most basketball
athletes are amenable to an arthroscopic procedure, especially after a single shoulder disloca-

tion [30]. Athletes who are younger or have
sustained multiple instability events may warrant
an open procedure depending on physical exam
and imaging findings. In the setting of revision
stabilization surgery or significant glenoid bone
loss (>15%), a bone augmentation procedure
should be performed as arthroscopic repair has
demonstrated unacceptably high failure rates. A
summary of surgical indications for the various
procedures can be found in Fig. 24.5.
Return to Play After Surgery: Many post-
surgical rehabilitation protocols allow a safe
return to play following surgical correction of
shoulder instability. These protocols often follow
the same guidelines as conservative programs
except the timeline is more prolonged to allow
appropriate time for healing and return of full
shoulder function. While protocols between surgeons will vary, most follow generally accepted
guidelines of a graduated physical therapy program [83–85]. The initial phase focuses on a
period of immobilization followed by pendulum
exercises and isometric muscle contractions. This
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Arthroscopic Bankart Repair

First time dislocation
OR
Recurrent* dislocation
with ALL of the following criteria:
-No previous instability surgery
-Less than 15% glenoid bone loss
-Non-engaging Hill-Sachs lesion
-No or minimal hyperlaxity
-Surgeon preference
*Recurrent dislocations may
overstretch the capsule, making it
more amenable to open repair

Open Bankart Repair
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Latarjet Procedure

Failed arthroscopic surgery
OR
First time dislocation
OR
Recurrent dislocation
with ALL of the following criteria:

Failed arthroscopic or open surgery
OR
First time dislocation
OR
Recurrent dislocation
with ANY of the following criteria:

-No previous instability surgery
-Less than 15% glenoid bone loss
-Non-engaging Hill-Sachs lesion
-No or minimal hyperlaxity
-Surgeon preference

-Greater than 15% glenoid bone loss
-Engaging Hill-Sachs lesion
-Moderate to significant hyperlaxity
-Surgeon preference

Fig. 24.5 Summary of surgical indications for arthroscopic Bankart repair, open Bankart repair, and the Latarjet
procedure

phase lasts about 4 weeks, at which time the athlete progresses to passive range of motion followed by active-assisted range of motion
exercises without resistance. This phase also lasts
approximately 4 weeks until the athlete transitions to regaining full active range of motion and
progressive strength reacquisition. The final
phase begins around 3 months after surgery and
allows the athlete to progress with plyometric
exercises, advanced upper extremity strengthening, and sport-specific exercises. Typically, the
timeline for full return to play is 4–6 months, but
it can take longer depending on the procedure
and unique circumstances of the basketball athlete. It is our recommendation that athletes who
must perform overhead movements with
unplanned collisions, including basketball
players, do not return to athletic competition until
6 months postoperatively.
Return to play rates following surgical shoulder stabilization are quite high with a reported rate
between 63% and 93% depending on the type of
athlete [14, 16, 21, 38, 47, 52]. Collision and
overhead athletes are at the highest risk to experience surgical failure [86, 87]. Basketball players
tend to do very well after surgical stabilization

and appropriate rehabilitation. While many studies have investigated results of surgical repair for
shoulder instability in contact and overhead athletes, minimal evidence is directly available for
basketball players. Minhas et al. reported on 46
NBA players who underwent surgical stabilization for anterior shoulder instability [21]. They
demonstrated a 93.5% return to play rate with
increased games played and minimal change in
post-injury player efficiency rating compared to
players who underwent lower extremity surgery.

Fact Box

• The decision for nonsurgical versus surgical management is made based on a
patient’s history, physical examination,
imaging findings, and overall risk factors for recurrent instability.
• Young age (less than 20 years old), athletic participation that requires contact or
overhead movements (including basketball), glenoid bone loss, and history of
previous shoulder instability are significant risk factors for recurrent instability.
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• Conservative management after a shoulder dislocation is not recommended for
most basketball athletes. The high incidence of contact in vulnerable overhead
arm positions in basketball makes nonoperative management usually doomed
to failure.
• Surgical management for shoulder
instability is the preferred treatment in
young, competitive basketball players.
Early surgical intervention is key to prevent additional dislocations in this
population.
• Arthroscopic Bankart repair is the most
commonly performed procedure for primary, traumatic shoulder instability and
allows minimally invasive restoration of
normal shoulder anatomy.
• Open Bankart repair or Latarjet procedure are the preferred treatments of
choice in the setting of revision surgery
or chronic shoulder instability. When
there is glenoid bone loss >15% or an
engaging Hill-Sachs lesion, then a bone
augmentation procedure should be
performed.
• Postoperative rehabilitation protocols
focus on an initial period of immobilization followed by gradual regaining of
the athlete’s range of motion, strength,
and ultimately sports performance.
• Return to play rates are very high following surgical treatment, and most
basketball athletes can return to full
sports participation by 6 months postoperatively though timelines vary based on
individual circumstances.

24.4

Conclusions

Shoulder instability is a common problem
encountered by physicians who treat injured athletes. Basketball is a unique sport that allows for
low-velocity contact with the arm in an overhead
position. Therefore, basketball athletes are at
higher risk for shoulder instability. Recognizing

the pattern of shoulder instability from the athlete’s history, physical examination and imaging
findings are the first steps in successful management. Understanding that the natural history of
shoulder instability is a high propensity for recurrent dislocation, especially in the young athlete,
is another vital component to developing a successful treatment plan. Surgical management is
often the most appropriate treatment choice,
especially in the young basketball player.
Choosing the best surgical procedure is based on
the patient’s age, number of previous dislocations, and presence or absence of glenoid bone
loss. Return to play can usually occur within
6 months postoperatively. After appropriate treatment, basketball athletes can expect a high return
to play rate at the previous level of competition.
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25.1

Elbow Anatomy
and Biomechanics

The elbow is a modified hinged joint. Hinged
motion occurs at the ulnohumeral and radiocapitellar joints, while rotational motion occurs at the
radiocapitellar joint and the proximal radioulnar
joint. Stability throughout full range of motion is
provided by osseous, capsuloligamentous, and
muscular structures. The osseous stability provided
is secondary to the highly irregular and congruent
distal humerus, and proximal radius and ulna [1].
The proximal articular surface of the elbow is
comprised of the trochlea and capitellum. The
trochlea (L. “pulley”) is shaped like a pulley or
spool on the distal end of the humeral shaft [1].
The medial ridge extends more distal than the lateral ridge and creates 6–8° of valgus tilt [1]. The
trochlea also has a posterior tilt that prevents posterior translation [2]. The capitellum (L. “little
head”) is a hemispheric structure and is lateral to
the trochlea [1, 2].
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The distal articular surface of the elbow is
comprised of the proximal ulna and radius. The
proximal ulna is composed of the coronoid, olecranon, and the greater sigmoid notch. The coronoid plays a significant role in preventing
posterior displacement, locking in the coronoid
fossa in flexion [1, 3]. Fifty percent of the coronoid is needed to provide stability in extension.
The greater sigmoid notch is highly congruent
with the trochlea forming a primary constraint of
the elbow [1, 2]. The radial head is a concave surface that articulates with the capitellum and is
covered by 280° of articular cartilage [1]. The
radial head also plays a significant role in valgus
stability (3, 5; Fig. 25.1a).
The collateral ligaments are capsular thickenings that enhance elbow stability. The medial collateral ligament (MCL) is comprised of the
anterior oblique ligament (AOL), the posterior
oblique ligament (POL), and the transverse ligament [4]. The MCL provides restraint to valgus
and internal rotatory loads with the AOL being
the strongest of the three components [4]. The
lateral collateral ligament (LCL) is composed of
the lateral ulnar collateral ligament (LUCL),
radial collateral ligament (RCL), annular ligament (AL), and accessory lateral collateral ligament (ALCL) [4, 5]. The LCL resists varus and
external rotation stresses in conjunction with the
capsule and bony architecture. Complete transection of the LCL results in posterolateral rotatory
and varus instability [6].
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Fig. 25.1 (a) Osseous anatomy of the elbow. (b) Medial
collateral ligament complex. (c) Lateral collateral ligament complex (Adapted and permission granted from

Bryce CD, Armstrong AD. Anatomy and biomechanics of
the elbow. Orthop Clin North Am. 2008;39(2):141-54, v)

The muscles that cross the elbow control
motion and compress the bony architecture, acting as dynamic stabilizers [2, 4]. The medial flexors of the elbow resist valgus force. Conversely,
the lateral extensor muscles resist varus force.
The distal biceps tendon crosses the elbow anteriorly and inserts at the posterior/ulnar aspect of
the radial tuberosity [7]. The brachialis muscle
crosses the elbow and has two heads, the superficial and deep heads. Both heads insert on the
ulnar tuberosity, with the deep head inserting
proximal to the superficial head [8]. The triceps
crosses the elbow posteriorly and inserts on the
olecranon. The tendon expands distally and its
size correlates with the size of the olecranon [9].
There have been 150 bursae identified in the
body, and the olecranon bursa is one of the best
known [10]. The olecranon bursa is situated
between the olecranon and the skin, and is formed
in response to pressure, acting as a lubricating
structure for the olecranon [10].
Three major nerves cross the elbow joint. The
median nerve crosses anteriorly, medial to the
brachial artery and is covered by the bicipital
aponeurosis. The nerve then goes deep between
the two heads of the pronator teres. The radial
nerve emerges between the brachialis and brachioradialis, and it divides at the radiohumeral
joint. The ulnar nerve crosses the elbow in the

groove posterior to the medial epicondyle, entering the forearm between the two heads of the
flexor carpi ulnaris (FCU). The brachial artery
runs on the lateral side of the median nerve in the
cubital fossa and then divides into the radial and
ulnar arteries [11].

25.2

General Evaluation
of the Elbow

25.2.1 Physical Exam of Elbow
A physical exam of the elbow should be performed prior to participation. A thorough physical exam of the elbow, with a fully exposed limb
and contralateral limb, is necessary for guiding
and interpreting further studies and establishing a
proper diagnosis.
The elbow exam begins with inspection. The
overall alignment of bilateral elbows should be
noted. Due to the bony anatomy, the elbow is
aligned in 11–16° of valgus. This angle is referred
to as the “carrying angle” and is defined by the
long axes of the extended forearm and arm [12,
13]. A decrease in valgus alignment of the elbow
can result from prior trauma, such as a pediatric
supracondylar humerus fracture [14], and can be
detrimental to the overall functioning of the limb.
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Next, musculature is examined for atrophy or
hypertrophy, providing clues to the chronicity of
the injury. The skin is then examined for ecchymosis, rashes, nodules, and prior surgical incisions. A joint effusion can be observed if the soft
spot (border of the olecranon, radial head, and
lateral epicondyle) is distended [13, 15].
The bony and soft tissue structures should be
palpated. Begin by palpating the epicondyles for
tenderness. The olecranon and radial head are
subcutaneous bony structures that are also easily
palpated. The distal biceps tendon is palpated as
it courses over the anterior elbow. Disruption of
the normal contour of the distal biceps tendon
and asymmetric proximal migration of the musculotendinous junction with respect to the antecubital flexion crease may be a sign of a partial
or full tendon rupture. Tenderness over the posterior aspect of the medial epicondyle may indicate ulnar neuritis, and tenderness in the soft
spot may indicate joint irritation secondary to
synovitis, plica, or osteochondritis dissecans of
the capitellum [15].
Normal elbow ROM is 145° of flexion, 0° of
extension, 75° of pronation, and 85° of supination [15, 16]. Intra-articular pathology, pain, and
soft-tissue constraints can limit normal ROM following injury. Crepitus, pain, and mechanical
symptoms should be noted during attempted
ROM [13, 15]. If there is a limit in full ROM, it
should be determined if there is a soft endpoint,
suggesting a joint effusion, soft tissue swelling,
or capsular tightness [15]; or a firm endpoint that
suggests a bony block or loose body. Strength
testing should be performed and compared to the
other limb.
There are several special tests used about the
elbow to provide clues to the underlying pathology. These tests will be described below under
the specific injury.

25.2.2 I maging Evaluation
of the Elbow
Following a thorough history and physical exam,
a decision should be made as to whether radiographs are needed. Radiographs provide information regarding osseous structure, joint

283

relationship, and overall alignment [17]. The
standard views include an AP and lateral. Oblique
views may be obtained to supplement the standard views. The use of MRI is limited in acute
injury but is the modality of choice when evaluating soft tissue structures [17]. Ultrasound may be
used for evaluating tendon injuries, elbow joint
effusions, and intra-articular loose bodies. CT is
used to further define osseous anatomy following
radiographs.

25.3

Common Basketball-Related
Injuries

25.3.1 Elbow Instability
General: The elbow is the second most common
joint to suffer dislocation, with an incidence of
5–6 per 100,000 people yearly [18, 19]. Forty-
five percent of all elbow dislocations are sports-
related, with an estimated 1435 dislocations
related to basketball in the United States over a
5-year period [19]. Due to the osseous, capsuloligamentous, and muscular anatomy, the elbow is
an inherently stable joint. Ninety percent of dislocations occur posteriorly or posterolaterally, as
a result of a fall on an outstretched hand with an
extended elbow and a fully supinated forearm
[20, 21]. Posteromedial dislocations are rare, also
occur after a fall onto an outstretched hand, with
the elbow extended and are associated with more
severe soft-tissue injuries. There is often a missed
anteromedial coronoid facet fracture [20]. A fall
onto the hand with the elbow extended results in
an axial load through the elbow as the hand
impacts the floor. As the body-weight continues
to ground with the hand planted, this typically
results in external rotation and valgus stress at the
ulnohumeral joint [21, 22]. While more recent
research has shown that the injury pattern is more
variable [23], classically the mechanism begins
disrupting what has been called “The Circle of
Horii” [24]. Injury begins with disruption of the
LCL, moves to the anterior capsule, and finally to
the MCL, resulting in a complete dislocation.
Although rare in the basketball population, isolated MCL injuries can occur leading to valgus
instability.
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Initial Assessment and Management: An
elbow dislocation may occur in isolation or in
conjunction with other injuries of the limb.
Therefore, a thorough exam of the shoulder, forearm, and wrist should be done. A dislocated
elbow will typically show evident deformity, and
the forearm will be in varus and supination [22].
A careful neurovascular exam should be performed. Standard radiographs should be obtained
to determine if the dislocation is simple or complex (with associated fracture). After a dislocation is confirmed, a reduction maneuver is
required. This is best performed with adequate
analgesia which may require conscious sedation
in an emergency department in some cases [24].
Reduction is performed by correcting any medial
or lateral displacement of the olecranon, followed
by flexing the elbow and supinating the forearm
while applying longitudinal traction [22, 24].
Following reduction, a repeat clinical examination should be performed, especially a thorough
neurovascular exam. The elbow should be taken
through a full ROM. The point at which instability first occurs should be noted as should the arc
of stable ROM. The elbow should be immobia

lized. At time of clinic follow-up, varus and valgus instability should be assessed along with
posterolateral (PL) instability. PL instability is
assessed with the lateral pivot shift test (Fig. 25.2).
If elbow instability is thought to be secondary to
MCL injury, valgus stress should be applied at
30° of elbow flexion and laxity compared to the
uninjured elbow; the “milking maneuver” may
also be performed to help identify injury.
Radiographs should be repeated to confirm
reduction, reevaluate for a complex injury, and
ensure there are no loose bodies or other structures entrapped in the joint and blocking concentric reduction. Uncommonly, typically with a
very high-energy injury, the elbow may not be
able to be reduced by closed reduction and an
open reduction must be performed. After radiographs confirm reduction, an MRI arthrogram
can assess for LCL and MCL pathology.
Treatment Options: Following reduction, the
majority of simple elbow dislocations may be
treated nonoperatively. For simple, stable dislocations, early active mobilization starting 2 days
after the injury has been shown to be a safe and
effective treatment, with improved functional
b

Examiner
thumb on
radial head

Forearm
supinated

40°

Shoulder
externally
rotated

Fig. 25.2 Lateral pivot shift test: The patient is supine on
an examination table. (a) The elbow is brought overhead
and fully extended. The examiner’s opposite side hand is
brought over the dorsum of the forearm and thumb rests
over the radial head. The other hand grasps the patient’s
hand and supinates the forearm and externally rotates the

shoulder. The elbow is brought from full extension to flexion. While the elbow is being ranged, a valgus stress is
applied. The test is abnormal if the patient experiences
pain and/or apprehension and/or if there is a palpable dislocation and reduction of the radial head. (b) Reduction of
the radial head is usually felt beyond 40° of flexion
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outcomes compared to 3 weeks of immobilization [25]. Surgical repair should be considered if
the elbow requires more than 45° of flexion to
remain reduced [24]. Initial treatment for isolated
MCL injuries is typically 6 weeks of rest and
physical therapy. If nonoperative treatment fails,
MCL reconstruction, the so-called Tommy John
Surgery, is indicated.
Rehabilitation: Following the initial immobilization period, an overhead motion protocol has
been developed with excellent results [26]. The
rehabilitation protocol consists of ROM at the
elbow in an overhead and stable position. The athlete performs the exercise in a supine position,
shoulder flexed to 90°, adducted to the side and in
neutral rotation; this position minimizes varus
force and stress on the LCL complex. The athlete
then moves through pronation/supination and flexion/extension as tolerated. This phase continues
for 3 weeks and then ROM in the upright position
begins for an additional 3 weeks. Finally, 6 weeks
after injury, strength and endurance exercises
begin as well as resumption of normal activities.

Elbow Instability

• The elbow is the second most commonly dislocated joint.
• There are approximately 287 basketball-
related dislocations annually in the
United States of America. Global numbers are not known.
• 90% of dislocations occur posteriorly or
posterolaterally
• Injury pattern typically follows “the
circle of Horii”: LCL → anterior capsule → MCL → complete dislocation.
• Surgical repair should be considered if
the elbow requires more than 45° of
flexion to remain reduced.

25.3.2 Elbow Fractures
General: Fractures about the elbow may involve
the distal humerus, radial head, and/or the proximal ulna. Stability of the elbow and the status of
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the soft tissues are a critical consideration when
treating elbow fractures. Standard AP and lateral
radiographs should be obtained. A CT scan often
is needed to evaluate the complexity of the injury
and to evaluate the integrity of the coronoid and
the anteromedial facet, an important stabilizer to
prevent posteromedial rotatory instability [27].
Initial Assessment and Management: Elbow
fractures in the athlete often are the result of a
high-energy mechanism with a fall onto an outstretched arm. Initial evaluation should include a
thorough exam of the skin and neurovascular
structures. Radiographs should be obtained
immediately to evaluate the extent of the injury
and the presence of an associated dislocation.
Fractures of the distal humerus may be difficult
to interpret initially. A radiograph with gentle
traction may help the treating surgeon to understand the fracture pattern [28]. Fractures of the
radial head that are displaced greater than 2 mm
often are associated with ligamentous injury and
thus the stability of the elbow may be compromised [29]. A radiocapitellar view of the elbow
may be obtained to further evaluate the radial
head. This is done by positioning the beam 45°
cephalad during a lateral radiograph. Fractures of
the proximal ulna can involve the olecranon and
coronoid process. Both olecranon and coronoid
fractures may be associated with concomitant
fractures and/or dislocations. As in fractures of
the radial head, associated instability must be
considered as this guides surgical and postoperative treatments.
Treatment Options: Generally, the treatment
of elbow fractures is to both obtain an anatomic
reduction of the articular surface to lower the
risk of post-traumatic osteoarthritis and also create a stable construct to allow early ROM, to prevent long-term stiffness. A notable exception is a
nondisplaced radial head fracture or small displaced radial head fractures with no block to
motion. These injuries can be managed in a sling
with active mobilization as early as possible [29]
and return of function typically 6 weeks from
injury [28].
Rehabilitation: Postoperative ROM is determined by the stability of the elbow found
intraoperatively. Furthermore, the length of
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immobilization depends on the severity of the
fracture. In general, there is a period of immobilization followed by gentle passive and assisted
active ROM. Oftentimes, a hinged elbow brace is
worn for added stability during ROM exercises.
After this, strengthening exercises can begin.

25.3.3 Elbow Tendon Injuries
25.3.3.1 Biceps Tendon Injury
General: The incidence of distal biceps tendon
rupture is 1.2 per 100,000 people in the general
population [30]. Ruptures are more common in
the dominant extremity and the risk is increased
with smoking [30]. The use of anabolic steroids
increases the risk of bilateral rupture [31].
Ruptures can be classified as partial or complete
and also as acute (less than 4 weeks) or chronic.
The mechanism is usually an unexpected, eccentric loading of the biceps, with the elbow flexed at
90°, resulting in the tendon avulsing from the
radial tuberosity [32].
Initial Assessment and Management: Athletes
will typically describe a feeling of a sudden,
painful tearing sensation over the front of the
elbow [32]. On exam, there typically will be
ecchymoses and swelling in the antecubital fossa.
A complete tear of the tendon commonly results
in proximal migration of the muscle belly from
the antecubital crease. This is accompanied by
tenderness in the antecubital fossa and an inability to palpate the tendon in the antecubital fossa,
indicating a complete rupture. Weakness will be
typically demonstrated in supination and, to a
lesser extent, with elbow flexion [32]. Special
maneuvers include the “hook test,” which
involves the examiner using his or her index finger to hook the lateral side of the distal biceps
tendon while the athlete actively supinates the
elbow [33]. A “biceps squeeze test” has also been
validated. This test involves squeezing the biceps
muscle belly and observing for passive supination [34]. Radiographs should be obtained to
evaluate for other pathology and are usually normal; however, avulsion injuries of the radial
tuberosity can be demonstrated [32]. MRI, especially in the FABS (flexion, abduction, supination) position [35], can help delineate between
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partial and complete ruptures in the setting of an
inconclusive physical exam.
Treatment Options: Nonoperative management consists of immobilization followed by
physical therapy. In the athlete, this management
is typically reserved for partial ruptures.
Nonoperative treatment has an increased risk for
activity-related pain and loss of supination
strength [36, 37]. For complete ruptures in athletes, anatomic reattachment is indicated in order
to allow for return of flexion and supination
strength [32].
Rehabilitation: Postoperatively the elbow is
immobilized in 90° of flexion and supination for
1 week. Early motion is important to prevent
stiffness. After 1 week, the athlete is transitioned
to a hinged elbow brace with an extension block
which is progressively extended. Strenuous lifting and unrestricted activities are limited for a
total of 5 months [32].

25.3.3.2 Triceps Tendon Injury
General: Triceps tendon ruptures are rare and
account for only 0.8% of tendon ruptures [38,
39]. The disruption usually occurs as an avulsion
from the tendon insertion and less commonly an
intramuscular tear occurs [39]. The loss of extension strength from a triceps tendon injury can be
devastating to the basketball player [37].
Initial Assessment and Management: History
usually involves an elbow extension activity with
a sudden, eccentric triceps contraction, such as a
fall on an outstretched hand [39]. The provider
should inquire about steroid use or metabolic disorders as these can weaken tendons [40]. Acute
injuries present with swelling, ecchymosis, and
tenderness over the olecranon. There will be
weakness in elbow extension on exam.
Interestingly, complete tears may have preservation of elbow extension due to an intact lateral
tendon expansion [37]. Diagnosis on exam can
be difficult given the degree of swelling that often
is associated with acute injury [39]. Radiographs
should be obtained to evaluate for bony avulsion
or associated injuries, and, as described in distal
biceps tendon injuries, MRI can aid in determining partial versus complete ruptures.
Treatment Options: Nonoperative treatment
can be considered in tears involving less than
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50% of the tendon although biomechanical studies have shown a 40% loss of strength with only
2 cm of gapping of the tendon [41]. Therefore, in
the athlete, repair of partial and complete tears is
indicated in order to regain the strength needed to
participate at pre-injury levels [37, 39]. Primary
repair should be performed within 3 weeks of
injury as after 3 weeks, reconstruction of the tendon will be likely needed [39]. Following repair
or reconstruction, 4/5–5/5 strength can be
expected as can recovery of 99% of endurance
compared to the uninjured arm [39].
Rehabilitation: Nonoperative treatment typically includes immobilizing the elbow in 30° of
extension for 4 weeks, followed by ROM exercises for another 4 weeks. Finally, at 8 weeks
after the injury, strengthening exercises can
commence. This course is not commonly chosen in elite basketball players [37]. Surgical
treatment is more commonly performed for fullthickness tears. Following repair, the elbow is
immobilized in 30° of flexion for 2 weeks, then
ROM exercises are started. Return to sport is
permitted after 4–6 months following surgical
treatment [37].

Elbow Tendon Injuries

• Biceps tendon ruptures are more common in the dominant extremity.
• Anabolic steroids increase the risk of
bilateral distal biceps tendon ruptures.
• A hook test and biceps squeeze test can
be diagnostic clues to complete biceps
tendon rupture.
• Triceps tendon ruptures are rare and
account for only 0.8% of tendon
ruptures.

25.3.4 Lateral and Medial
Epicondylitis
General: Lateral and medial epicondylitis result
from overuse activity, particularly repetitive wrist
extension and flexion, respectively [42]. Obesity
and tobacco use have been implicated as risk fac-
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tors as well [42]. The extensor carpi radialis brevis (ECRB) tendon is the most commonly
affected tendon in lateral epicondylitis, but the
extensor digitorum communis (EDC) may also
be involved [43, 44]. In medial epicondylitis, the
flexor-pronator origin is involved [44].
Interestingly, the pathology is the result of microtrauma and degeneration rather than inflammation [44] as the name implies.
Initial Assessment and Management: The diagnosis of lateral and medial epicondylitis is primarily made clinically. Athletes will commonly
complain of an achy or burning sensation over the
lateral or medial aspect of their elbow. The pain is
made worse with activities that involve resisted
wrist extension (lateral epicondylitis) or flexion
(medial epicondylitis), and grip weakness is a
common complaint [42]. The elbow commonly
appears normal, but there will be tenderness along
the lateral or medial epicondyle. In lateral epicondylitis, the pain often is reproduced with resisted
long finger and wrist extension. Further imaging
is often not required, but if the diagnosis is in
question, plain radiographs may be obtained, and
they are generally normal. Classically, ultrasound
will show hypoechoic swelling of the tendon origin [45] and MRI will demonstrate an intratendinous signal [46].
Treatment Options: Ninety percent of athletes will have resolution of their symptoms following nonoperative management [42] although
there is no established appropriate treatment
protocol [47]. Activity modification, physical
therapy, and using forearm support bands (the
tennis elbow strap) are the first lines of treatment [37]. Therapy should involve eccentric
exercises and stretching. Avoidance of lifting
activities with the palm down (e.g., reverse
curls) is paramount. Other modalities include
deep massage with or without the use of ultrasound [37]. The use of a corticosteroid injection
is controversial, and there is no evidence that
shows improved outcomes when compared to
less invasive methods. Interestingly, a randomized controlled trial comparing injections with
physical therapy showed a 69% success rate
with injection and 91% with therapy [48]. After
failed nonoperative treatment, surgery may be
considered. Surgery involves excision of the
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affected portion of the tendon. Interestingly,
when surgery was compared to a sham procedure, both provided relief of symptoms and surgery showed no additional benefit [49].
Rehabilitation: Following surgery, a wrist splint
is worn for 2 weeks and physical therapy starts
4 weeks after surgery. Return to weight lifting or
sports is allowed 3 months after surgery [37].

Lateral and Medial Epicondylitis

• Overuse injuries that commonly involve
the ECRB and flexor mass.
• 90% of athletes will have resolution of
their symptoms following nonoperative
management.
• The use of a corticosteroid injection is
controversial, and there is no evidence
that shows improved outcomes.

25.3.5 O
 lecranon Bursitis (Non-
Infectious and Infectious)
General: Bursae (L. “sac”) are fluid-filled sacs
that allow smooth gliding of musculoskeletal
structures over one another during motion. The
olecranon bursa is a superficial bursa. It forms
between the ages of 7 and 10 years and protects
the posterior elbow. Olecranon bursitis is an
abnormal increase in the volume of fluid. If this
fluid becomes infected, it is referred to as infectious olecranon bursitis [50]. The incidence of
olecranon bursitis is low and is estimated between
0.01% and 0.1% of hospital admissions [10].
However, it is reportedly common among basketball players, although the incidence is unknown.
The etiology is most commonly from repetitive
trauma or repetitive pressure to the posterior
elbow, but it can present from a single fall onto
the elbow [37, 50].
Initial Assessment and Management: History
of recent falls onto the elbow or repetitive pressure over the elbow should be elucidated. The
athlete will often complain of fullness over the
back of his or her elbow. On physical exam, the
fullness can be observed and palpated [37]. It is
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important to rule out an infectious joint by checking for pain with small-arc elbow ROM including
pain with pronation and supination. In olecranon
bursitis, pain is localized over the olecranon and
ROM of the elbow is preserved. Distinguishing
between olecranon bursitis and infectious olecranon bursitis can be difficult (Fig. 25.3). Both can
present with erythema over the posterior elbow.
However, systemic signs of infection can be helpful in diagnosing infectious olecranon bursitis.
The gold standard for diagnosing infectious olecranon bursitis is a positive culture [10].
Radiographs should be obtained to rule out a
fracture, especially with a history of trauma.
Transillumination or ultrasound can be helpful in
more chronic cases to identify loculations [10].
Treatment Options: Olecranon bursitis is an
inflammatory process and should be treated as
such. Avoiding inciting activities (such as resting elbow on a table or armrest), taking antiinflammatory medications, and compression are
the mainstay treatments. Aspiration can be performed to decompress the bursa. In patients
with very thin skin, it may be helpful to approach
the bursa from proximally to create a longer
skin bridge and avoid chronic drainage. A study
found that inserting a 16-gauge angiocatheter
with a surrounding dressing for 3 days resulted
in fewer recurrences when compared to a single

Fig. 25.3 Septic olecranon bursitis: 45-year-old female
with chronic olecranon bursitis with 2 weeks of worsening posterior elbow pain and staphylococcus aureus positive cultures from aspiration
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aspiration [51]. If nonoperative modalities fail,
excision of the bursa is the surgical treatment of
choice.
Rehabilitation: The athlete should be
informed that resolution of olecranon bursitis
can take up to 3 months, and compliance with
compression and anti-inflammatory medications
is mandatory. Following surgical excision, a
splint is worn for 2 weeks followed by a compressive wrap. Return to basketball is typically
allowed 6 weeks after surgery [37].

Olecranon Bursitis

• Commonly seen in basketball players
although the incidence is low, estimated
between 0.01 and 0.1% in the general
population.
• Distinguishing between olecranon bursitis and infectious olecranon bursitis
can be difficult, and labs, vital signs,
and an aspiration can aid in differentiating between the two.

25.3.6 Neuropathies at the Elbow
General: Compressive neuropathies about the
elbow may be the cause of pain and weakness in
the basketball player [52]. The nerves that may
be affected in neuropathies at the elbow include
the ulnar, median, and radial nerves.
Initial Assessment and Management: Athletes
with compressive neuropathy about the elbow
will present with vague pain around their elbow,
paresthesia, and weakness depending on the
nerve involved and the location of compression.
Electrophysiologic testing can be used to help
confirm the diagnosis and determine the extent of
nerve damage. MRI may be used to assess the
soft tissue anatomy surrounding the nerve in
question.
The ulnar nerve pierces the intermuscular septum when the nerve travels from the anterior to
the posterior compartment at the mid-arm. In
about 70% of individuals, the nerve travels
through the arcade of Struthers at the intermuscu-
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lar septum, where compression can occur [52].
The nerve then descends through the cubital tunnel, deep to the Osborne ligament, and then
enters the forearm between the two heads of the
FCU muscle. Compression of the ulnar nerve at
the elbow results in paresthesia of the ring and
small fingers. Often the symptoms are provoked
with prolonged elbow flexion, such as talking on
a cell phone or while curled up during sleep [52].
Chronic compression may result in atrophy of the
intrinsic muscles of the hand. A positive Tinel
sign at the cubital tunnel and/or prolonged elbow
flexion may help confirm the diagnosis.
Furthermore, the ulnar nerve may subluxate or
dislocate over the medial epicondyle, which may
cause a friction injury and predispose to ulnar
neuropathy [53].
The median nerve travels in the antecubital
fossa, medial to the brachial artery. Prior to
reaching the antecubital fossa, it passes under
the ligament of Struthers, which is a band of
connective tissue attached to a supracondylar
process and the distal humerus, found in 1% of
the population. Distal to the antecubital fossa, it
goes deep to the bicipital aponeuroses and then
passes between the two heads of the pronator
teres. Athletes typically present with pain in the
proximal, anterior forearm [37]. Paresthesia in
the median nerve distribution can be noted.
Median neuropathy results in weak pronation,
weak flexion, and thenar atrophy [52].
The radial nerve enters the radial tunnel at the
radiocapitellar joint. Then, the posterior interosseous nerve (PIN) branches off and enters the
supinator muscle and dives under the arcade of
Frohse [52]. Compression of the radial nerve can
be divided into radial tunnel syndrome and PIN
syndrome. Radial tunnel syndrome results in lateral elbow pain that can be mistaken for lateral
epicondylitis. In radial tunnel syndrome, there is
no associated motor weakness. In contrast, PIN
syndrome is a motor neuropathy that results in
muscle weakness [52].
Treatment Options: For compressive neuropathies, 3–6 months of nonoperative treatment
should be pursued. This may consist of activity
modification, anti-inflammatory medications,
splinting, and/or injections [37]. If nonoperative
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treatment fails or motor symptoms arise, surgical
decompression is indicated.
Rehabilitation: Following surgical decompression mobilization should begin within 1 week
to avoid elbow stiffness.

25.4

Conclusion

An understanding of the complex elbow anatomy
is necessary to properly diagnose and treat
basketball-related elbow injuries. Proper diagnosis begins with a thorough history and physical
exam and is aided by further studies as needed.
Treatment ranges from activity modification and
physical therapy to complex fracture and instability procedures. The goals of treatment are to have
full and painless range of motion that allows for
return to play.
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26.1

Introduction

Originally invented in the USA by James
Naismith [1], basketball is one of the most
beloved and popular sports all over the world.
Basketball was developed as a non-contact sport
and relies on the concept that “if the offense did
not have the opportunity to run with the ball,
there would be no necessity for tackling and we
would thus eliminate roughness” [2]. However,
basketball has transformed over the years into an
extremely physical game in which contact is
unavoidable. Injuries that occur during basketball
are associated with one or more of the following
anatomical structures: bone: scaphoid, metacarpal, and hook of hamate fractures; ligaments:
scapholunate ligament and triangular fibrocartilage complex ligament; tendons: ECU tendonitis
and subluxation.
Prompt diagnosis and appropriate treatment
are essential to avoid complications. Diagnosis
is based on clinical examination, thorough
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physical evaluation, and necessary imaging
such as X-rays, computed tomography (CT)
scan, or magnetic resonance imaging (MRI).
When making treatment decisions, it is important to take into consideration the level of competition and time of season for the athlete. In
every case, determining the type of sport, time
of season, competitive level, and rules regarding cast wear during play are critical and should
be discussed. Each individual athlete requires
tailored treatment strategies. It is crucial to take
all possible precautions to limit the risk of consequent injury and future posttraumatic
arthritis.

26.2

Epidemiology

A few reports exist in the medical literature
regarding the epidemiology of basketball injuries. Some examine injuries of professional
athletes and college or high school students and
others focus on adult non-professional
athletes.
Drakos et al. [3] reviewed injuries and medical conditions afflicting athletes competing in
the National Basketball Association (NBA)
over a 17-year period. They identified 12,594
injuries, of which 1945 (15.4%) involved the
upper extremity. In particular, there were 571
(4.5%) wrist injuries with a sprain in 181 ath-
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letes (1.4%), hand or wrist fracture in 100
(0.8%), and hand contusion in 69 (0.5%) athletes. It is remarkable that in 1982, Henry et al.
[4] reported 576 injuries that occurred in 71
professional basketball players over 7 years.
Over the years, basketball became more popular, and eventually physical contact was
increased, resulting in a concomitant rise in
injuries. McCarthy et al. [5] reviewed the
WNBA medical records for all athletes entering
the WNBA in 2000–2008, excluding 2003. The
study included 506 athletes, in which 105 hand
or wrist injuries (20.8%) were reported.
Conn et al. [6] found basketball to be the
most frequently reported sport that resulted in
an injury among people age 5 years and older,
comprising 25% of all sports injuries that
required treatment. They included fractures of
the hand, wrist, or fingers (22,000, 40% of all
fracture injuries). Andreoli et al. [7] also
reviewed with regard to upper limb injuries of
the hand, finger, and wrist (1133 injuries, 8.7%).
In females, injury to the hand, finger and wrist
represented 8.6% (369) of injuries. In males,
hand, finger, and wrist injuries comprised 8.4%
(386) of all injuries. When investigating by age
and skill level, they reported that children and
adolescent injuries in the hand, finger and wrist
represented 8.9% (662) of injuries. In professionals, the incidence was 8.6% (454) and in
masters 7.1% (17).

26.3

Scaphoid Fractures

One of the most frequent fractures of the wrist in
basketball athletes is the fracture of the scaphoid.
These fractures pose a predicament for both the
athlete and doctor. Nowadays, available operative
treatments minimize recovery time and promise
earlier return to participation in competition [8].
Therefore, surgical fixation of these fractures has
replaced casting, the traditional treatment option,
in professional basketball players. Scaphoid fractures constitute 69% of all acute wrist fractures
and are thus the most common carpal fracture.

Basketball athletes present the highest number of
scaphoid fractures (11%) compared to other male
athletes [3]. Located in the proximal carpal row,
the scaphoid consists of five distinct articular surfaces. These are defined into a proximal pole,
waist, and distal pole. The distal part is palmar
and the proximal is dorsal.
The mechanism of injury is usually due to a fall
on the outstretched hand (FOOSH) injury. During
a FOOSH injury longitudinal loading is forced on
the scaphoid, delivering a flexion moment that is
resisted by the constraining ligaments at the proximal and distal poles and by the radioscaphocapitate ligament crossing the waist. Consequently,
tension gradually develops on the dorsal cortex of
the curved waist. Other mechanisms of injury also
exist that do not result in scaphoid fractures at the
waist. For example, fractures can occur after contact with a closed fist. These are known as “puncher
fractures” [9]. In addition, many athletes report the
injury took place after wrist hyperextension from a
blocked shot [8].
Accurate medical history informs about the
mechanism of injury, and comprehensive wrist
examination reveals the extent of the injury. An
acute fracture is suspected when swelling or pain
exists in the anatomic snuff box, between the first
and third extensor compartments at the level of
the medial part of the scaphoid or on the palmar
scaphoid tubercle. Axial compression of the
thumb is another useful clinical test. If all three
clinical tests are positive, there is a very high
possibility of a scaphoid fracture [10]. In addition,
range of motion is examined. Flexion, extension,
and radial deviation are compromised after a
scaphoid waist fracture. In distal pole fractures,
deterioration of range of motion is less
significant.
Radiographs should be performed in the following positions: neutral rotation posteroanterior
(PA), lateral and additional “scaphoid” view
(Fig. 26.1)—approximately 30° of wrist extension
and 20° of ulnar deviation in order to achieve an
ultimate view of the scaphoid. In more than 30%
of cases [10], plain radiographs will be inconclusive for a diagnosis. MRI of the wrist provides the
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Fig. 26.1 “Scaphoid” view of a waist fracture of the
scaphoid bone

highest sensitivity, specificity, and accuracy (all
>95%) in identifying the fracture. Although its
role in the diagnosis of scaphoid fractures is disputed, CT scan of all waist and proximal pole fractures of the scaphoid may also be used to evaluate
displacement and comminution. For example, the
humpback deformity as described by Sanders [11]
is better recognized by CT.
Several classifications of scaphoid fractures
have been published [12]. The Herbert classification is most commonly used (Table 26.1).
Nondisplaced scaphoid waist fractures are
treated by cast immobilization. This has been the
standard of care in all non-professional basketball
players, and many athletes are still offered this
treatment option. Fracture healing with casting
achieves as high as 88%–95% success rates in a
few studies [13]. Cast immobilization, usually for
6 weeks, is the best treatment option for most fractures of the distal pole of the scaphoid. For waist
fractures and some proximal pole fractures, there
has been some discrepancy regarding best available treatment. Upfront surgical fixation ensures
adequate blood supply to the scaphoid and is usually reserved for professional players. For the amateur athlete, the conservative approach presents a
good alternative to operative treatment.

Table 26.1 Herbert classification with treatment
Type
Type A (stable)

Subtype Location
A1
Distal pole

A2
B1
Type B (unstable)
Middle or proximal
thirds of the body
of the scaphoid
B2
B3

B4

Type C

Treatment
Short-arm thumb Spica cast
Long-arm cast (painful in the
shorter below-elbow cast)
Surgery for professional athletes

Waist
Distal oblique fracture

Waist fracture
(Most common)
Proximal pole

Waist fractures that result
from a trans-scaphoid
perilunate dislocation
Delayed union

Surgery
– Internal fixation with screw or
plate
– Fragment excision (if too
small)
Indicated CT scan
(angular deformity)
Indicated CT scan
(proximal fragment
size)

Surgery
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Immediate treatment of scaphoid fractures
with headless screw fixation is the gold standard
for professional players [8]. Percutaneous internal
fixation of the scaphoid fracture is achieved via a
dorsal approach. Anatomic reduction is performed
by a reduction maneuver applying extension and
ulnar deviation. If not applicable, open reduction
through either a dorsal or palmar approach is necessary. Complete displaced proximal pole and
waist scaphoid fractures are handled with internal
fixation for optimal recovery [14]. Initial internal
fixation achieves faster healing, earlier restoration
of motion, and hence shorter minimal absence
from sporting activities.
To Sum Up—Algorithm [9]

Surgery is indicated for:
–– All proximal pole fractures
–– Displaced scaphoid fractures (>1 mm)
–– Combined injuries and fractures that
were neglected for more than 1 month
Acute non-displaced scaphoid waist fractures
are subject to discussion with the athlete.
Earlier return to sport is achieved after surgery (~2 months) in comparison to conservative treatment (~4 months).

Molded plaster splints are used for immobilization. Removable thumb spica splints are used
for waist fractures 1 week after surgery. For
extreme proximal pole fractures, cast removal and
early motion are not applicable for at least 4 weeks
after surgery. Gentle range of motion of the wrist
and forearm is initiated when the patient feels no
discomfort and continues for 4 weeks [15]. If
reduction and fixation are stable after radiographic
imaging, strengthening of forearm flexors and
extensors begins with wrist curls. Weight-bearing
exercises are incorporated in the rehabilitation
program once the scaphoid has healed after a minimum of 6 weeks [15]. CT follow-up imaging is
performed every 6 weeks to evaluate progress
until complete recovery is accomplished.
Resumption of usual activities is allowed when
there is at least 50% of bone bridging on CT scan,

at least 80% of normal grip strength, absence of
pain, and full restoration of joint mobility.

26.4

Hook of Hamate Fractures [16]

Fractures of the hook of the hamate cause ulnar-
sided palmar pain and are usually misdiagnosed
as a sprain or tendinitis. Consequently, they
appear as non-unions at diagnosis. In basketball,
these fractures are not common. The mechanism
of injury is based on direct hit or fall. Treatment
consists of a non-prolonged short-arm cast for a
period of 3–4 weeks. If symptoms persist, the
ununited hook can be excised.
A symptomatic ununited hook of the hamate
fracture presents a risk of tendon dysfunction or
rupture and ulnar nerve dysfunction. For this reason, athletes should be carefully evaluated before
returning to competition. Excision of the hook of
the hamate must be considered early in these situations to diminish these complications.

26.5

Metacarpal Fractures

Metacarpal fractures occur frequently in sports
activities and particularly in contact sports using
a ball, such as basketball. In the general population, these account for 18% of fractures below the
elbow and 10% of all upper extremity fractures
[17]. This kind of injury can be caused either
from an athlete’s fall onto the outstretched hand
with a closed fist or a direct hit from the ball.
Metacarpal fractures are classified based on
the location of injury into neck, shaft, or base
fractures. Depending on morphology, they are
classified as transverse, oblique, and spiral. Most
fractures are located in the neck because it is the
weakest part of the metacarpal. Traditionally,
metacarpal fractures were treated conservatively
with closed reduction, using either cast or splint
immobilization in intrinsic plus position for
4 weeks. Nowadays, professional basketball athletes with comminuted fractures are treated with
surgery because they can return faster to previous
activity.
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Fig. 26.2 Fracture of the neck of the fifth metacarpal and treatment with CRPP

The classic indications for surgical treatment
are: (1) in the metacarpal neck, any rotational
deformity or neck angulation of the index and
long finger greater than 15–20°, ring finger >30–
40°, and small finger >70°, (2) in the metacarpal
shaft, any rotational deformity or angulation of
the index and long finger greater than 10°, ring
and small finger >30°. Minimal shortening is
accepted in the metacarpal shaft, while as Strauch
et al. mentioned for each 2 mm of shortening, the
extensor lag is decreased by 7° [18].
Surgical treatment for neck metacarpal fractures includes antegrade, retrograde, or transverse CRPP (closed reduction percutaneous
pinning) (Fig. 26.2). On the other hand, shaft
fractures can be treated with intramedullary pinning (antegrade or retrograde), lag screw fixation
or a plate via a dorsal approach. The plate should
be removed immediately after fracture healing
because it can cause additional damage and rupture of the extensor tendons.
Base fractures differ from the other types of
metacarpal fractures. These fractures occur often
with carpometacarpal (CMC) dislocation and are
classified into two categories: (1) fractures of the
thumb base and (2) other metacarpal base frac-

tures. The thumb base fracture is classified as
either extra-articular which is most commonly
encountered or intra-articular Bennett and
Rolando fractures. The Bennett fracture
(Fig. 26.3) is an intra-articular fracture with proximal, dorsal, and radial displacement of the metacarpal shaft (caused by abductor pollicis longus
(APL) and thumb extensors), along with supination and adduction of the shaft (caused by adductor pollicis). The Rolando fracture is a comminuted
intra-articular fracture shaped as either the letter Y
or T. These types of fractures in basketball players
are mainly treated surgically with CRPP or ORIF
(open reduction internal fixation) with plates or
screws based on the size of the fragment. The goal
of surgical treatment for these fractures is an articular step-off less than 1–2 mm.
There are few references that address the
recovery time needed for an athlete with a metacarpal fracture. For non-displaced fractures,
return to play 4–8 weeks after injury is suggested
[19]. Other studies recommend that protected
play for shaft fractures that were treated either
conservatively or surgically may start at the third
week after injury. However protected play is
rarely possible in basketball [20].
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Fig. 26.3 Bennett fracture in a basketball athlete and the appropriate treatment with a screw

26.6

Triangular Fibrocartilage
Complex Injuries (TFCC)

The triangular fibrocartilage complex (TFCC) is
the main component in providing distal radioulnar joint (DRUJ) stabilization. The TFCC incorporates the dorsal and volar radioulnar ligaments,
the articular disc, a meniscus homolog, the ECU
subsheath, and the origins of the ulnolunate and
ulnotriquetral ligaments. The ulnar side of the
wrist, including the TFCC, absorbs 18–20% of
the total force applied across the wrist [21]. The
periphery of TFCC is rich in vasculature compared to the radial central portion.
At presentation, TFCC injuries have ulnar-
sided wrist pain or tenderness. At clinical examination, they display an audible or palpable click on
forearm supination and pronation. Injury to the
TFCC commonly occurs with extension and pronation of the axial load of the wrist. Plain radiographs (AP and lateral view) that show an ulnar
styloid fracture or DRUJ incongruity are an indication of an acute TFCC injury. Recently the use
of MRI arthrogram is on the rise, due to its higher
sensitivity, specificity, and accuracy in comparison
to the classic MRI for TFCC tears [22]. However,

Fig. 26.4 TFCC tear, image during arthroscopy, R: radial
bone, U: ulnar bone

wrist arthroscopy is still quintessential in discovering TFCC disorders. In addition, wrist arthroscopy
offers both diagnosis and the ability to provide targeted treatment for professional athletes with suspicion of a TFCC disorder (Fig. 26.4).
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TFCC injuries are categorized in traumatic
(IA, IB, IC, ID) and degenerative (IIA, IIB, IIC,
IID, IIE) as classified by Palmer. Peripheral
TFCC tears without distal radioulnar joint instability create mechanical manifestations such as
catching and locking [23].
Traumatic injuries are treated with sutures and
debridement via wrist arthroscopy. Degenerative
injuries need a more complex and invasive
approach. Corticosteroid injections are offered to
athletes with TFCC injuries with minimal instability in order to complete the game season.
Delaying peripheral repairs until after the season
[21] is an established practice in professional
basketball when and if the athlete’s situation
allows it.
Rehabilitation after debridement of central
type IA TFCC tears includes splinting for 1 week
followed by range of motion exercises. Recovery
is achieved within 4–5 weeks and players are
capable of returning to competition.
Rehabilitation for peripheral TFCC disorders
for IB, IC, and ID lesions includes 2–6 weeks
postoperative immobilization with a splint or cast
(to inhibit forearm rotation). After immobilization, gradual range-of-motion and strengthening
exercises are initiated for the next 6 weeks.
Competitive play is allowed 8–12 weeks after
surgery [21].

26.7

Scapholunate Ligament
Disruption

The proximal carpal row of the wrist is constructed by the scaphoid, lunate, and triquetrum
bones. The scapholunate (SL) and lunotriquetral
(LT) interosseous ligaments are responsible for
providing fixation of these bones to the wrist. The
SL ligament is further divided into the dorsal,
proximal, and volar segment. The stability
between the scaphoid and lunate is dependent on
the dorsal segment of the SL ligament [24].
Additional stability is established through volar
and dorsal radio- and ulno-carpal ligaments to the
proximal row of the wrist.
Scapholunate ligamentous injuries occur most
frequently after wrist extension, ulnar deviation,
and carpal supination. Scapholunate injuries are
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regularly misdiagnosed in athletes, as simple
sprains. Excessive pain over the scapholunate
area or instability on examination of the wrist, for
example, a positive Watson’s test, raises a high
suspicion for these types of injuries.
Necessary radiographic imaging for an accurate diagnosis must include a neutral posterior-
anterior (PA) and a lateral view of the wrist
(Fig. 26.5). These usually reveal a cortical ring
sign, a widened scapholunate interval (>3 mm) in
PA view or an increased scapholunate angle (>70°)
in lateral view. Stress radiographic views such as
PA thumb traction, PA closed fist-neutral, and PA
closed fist with radial deviation or ulnar deviation
also facilitate the diagnosis [25]. Additionally,
contralateral wrist comparison radiographs may
further provide information about this injury.
Classification of scapholunate injuries according
to imaging (simple or under stress X-rays) is as
follows: pre-dynamic, dynamic, or static.
Standard radiographic views are sufficient in
formulating a diagnosis. However, advanced
imaging is often recommended before surgery.
MRI techniques (Multidetector CT and MRI
arthrogram) are essential in unveiling the extent
of ligament disruption (complete or incomplete).
In professional athletes, the gold standard for
diagnosing scapholunate injuries is diagnostic
arthroscopy. In 1996, Geissler et al. described an
arthroscopic classification system for SL injuries
and LT injuries [26] (Table 26.2).
Treating an athlete with scapholunate ligament disruption should be individualized. The
management of these injuries in basketball athletes depends on the age of the athlete, the timing
in regard to the current season, and the athlete’s
future expectations.
Conservative management is rarely applied
and mostly reserved for non-professional athletes
with stable and minor tears of the SL ligament.
Treatment includes wrist immobilization for
4–6 weeks followed by physiotherapy. The
results of conservative treatment remain
controversial.
In professional basketball athletes, surgical
treatment is mainly applied. The goal is to restore
stability of the wrist and ensure the return of the
athlete to pre-injured performance. The choice of
surgical technique is based on carpal stability,
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Fig. 26.5 Scapholunate disruption with the characteristic “Terry Thomas” sign in AP view

Table 26.2 Greissler arthroscopic classification system
for carpal instability

show that a time interval of 3 weeks since the
injury is critical. Up to this time point, surgical
Grade Description
treatment of SL ligament with dorsal capsulodeI
Hemorrhage of interosseous ligament, without
sis or dorsal ligamentoplasty can be performed
gap between carpals
with satisfactory results [28]. For chronic lesion
II
The same with Grade I, gap less than width of a
injuries that last over 3–6 weeks, reconstruction
probe
of the SL ligament provides better results comIII
Incongruency/step-off of carpal alignment is
seen in both the radiocarpal and midcarpal
pared to primary ligament suture or arthroscopic
spaces. The probe could be passed through the
debridement. Several surgical techniques have
gap between carpals
been proposed for reconstruction of the ligament
IV
The same with Grade III. Gross instability with
with a variety of results: (1) Brunelli technique,
manipulation is noted. A 2.7-mm arthroscope
may be passed through the gap between carpals
described in 1995, with transferring a slip of the
flexor carpi radialis (FCR) through scaphoid tunnel (volar to dorsal) and stabilized to the lunate
duration of injury, and the presence of degenera- and the distal radius; (2) “three ligament tenodetive lesions of the joint.
sis” or modified Brunelli by Garcia Elias, using
In partial tears of the SL ligament with pre- as a graft the FCR tendon [29]; (3) Elsaftawy
dynamic injury, the dorsal SL ligament is intact, technique [30], using a free tendon as graft which
and arthroscopy is proposed. In general, restores the scapholunate ligament; (4) Weiss
arthroscopic debridement, thermal shrinkage, technique, utilizing bone-retinaculum-bone autoand k-wire stabilization can be performed [27].
graft [31]; (5) Ross technique, using FCR for
In dynamic and recoverable lesions, treatment scapholunotriquetral tenodesis via tunnel through
depends on the duration of the injury. Studies the scaphoid, lunate, and triquetral [32].
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26.8

ECU Tendonitis
and Subluxation [33]

Another common cause of ulnar side wrist pain
in basketball players is ECU tendonitis or tendon
subluxation. Injury of the ECU tendon or other
pathologic entities such as tendinosis, subluxation, traumatic dislocation, or rupture must be
suspected when an athlete presents with this
complaint. A single forceful wrist flexion/ulnar
deviation/supination event can be responsible for
this injury. Physical evaluation and necessary
imaging (US or MRI) facilitate the diagnosis.
Acute and chronic tendonitis are managed
with conservative treatment. Cold therapy, injection of corticosteroid in the tendon sheath, pulsed
ultrasound, and therapeutic massage are all viable options. For traumatic ECU subluxation and
dislocations, conservative treatment is the first
therapeutic approach. However, if subluxation
persists, surgical reconstruction is unavoidable.

26.9

Conclusion

Injuries of the hand and the wrist in basketball athletes are frequent. High clinical suspicion is necessary to diagnose the majority of these conditions.
Many injuries are misdiagnosed and treated just as
simple sprains. In these cases, diagnosis is often facilitated by specific imaging methods. The treatment of
these injuries in basketball athletes is personalized
and depends on timing of season, the affected extremity, and the athlete’s ability to perform with a splint.
There are operative and conservative treatment
options available. However, professional basketball
athletes are often offered surgical treatment for these
injuries because it ensures earlier return to previous
state of competition.
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Isolated Finger Injuries
in Basketball

27

Ufuk Nalbantoglu and Okan Tok

27.1

Introduction

Finger injuries are very common in basketball.
Most injuries (>90%) include sprains and volar
plate injuries of the proximal interphalangeal (PIP)
and metacarpophalangeal joints [1–3]. Direct ball
contact with axial load causes dislocations at the
PIP joint commonly. Players are also at risk for
avulsion of the extensor digitorum when the ball
creates an axial load through the fingertip (“mallet
finger”) and avulsion of the flexor digitorum profundus when the finger is caught on an opponent’s
jersey or on the rim during a slam dunk (“jersey
finger”). Boutonnière deformity can result from
rupture of the extensor tendon central slip; early
recognition of this condition is important.
Gamekeepers’ injuries to the thumb usually occur
as a result of a fall to the floor or an extension load
to the thumb while blocking an opponent.
Hand injuries in basketball, and particularly
finger injuries, require knowledge of anatomical
structures for accurate examination, diagnosis,
and treatment. Most soft tissue injuries of the fingers can be acutely treated by conservative
means, but many require definitive care by an
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orthopedic or hand surgeon. Missed or misdiagnosed injuries can result in permanent deformity
and loss of function. Radiographs are necessary
in nearly all cases, and MRI is necessary in some
cases to evaluate for fracture or the presence of
foreign bodies in cases of fingertip injuries and to
evaluate for joint incongruity or fracture in cases
of joint or tendon injury.

27.2

Soft Tissue Injuries

Nail and underlying matrix could be damaged by
many crush injuries to the fingertips. These kinds
of injuries cause hematoma beneath the nail and
throbbing pain. Association with tuft fractures of
the distal phalanx can also be seen in fingertip
injuries because they are typically open fractures
and communicate through the nail matrix disruption [4]. A heated paperclip, an 18-gauge needle,
or a cautery could be used to create one or multiple
holes in the nail for draining the hematoma involving less than 50% of the nail matrix. Soaking the
finger in sterile water with peroxide will facilitate
drainage. A sterile dressing should then be applied,
with a splint or finger bandage in cases involving
fracture [4, 5]. Hematoma involving more than
50% of the underlying nail could be a sign for an
open fracture. After radiographs, surgical removal
of the nail, irrigation, and debridement of the
wound, repair of the nail matrix, and replacement
of the nail with splinting are recommended [5].
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If nail avulsion is seen without damage to the
underlying matrix, the wound should be cleaned
and dressed with a non-adherent dressing. If the
proximal portion of the nail has also been avulsed
from the nail fold and germinal matrix, the
patient’s cleansed nail or a piece of sterile gauze
or foil should be slid under the eponychial fold to
prevent adherence [5]. If any part of the sterile or
germinal matrix has been torn or lacerated,
removal of any remaining nail fragments and
repair of the nail bed injury are mandatory [5].
Return to sport in basketball players depends
upon whether the player can wear a rigid protective splint and control the ball, and the player’s
position. Athletes with surgically treated fractures may return to sports between 5 and 10 days
with protective taping once soft tissue healing
allows.
Simple lacerations may be cleaned and sutured
using nonabsorbable monofilament in adults or
absorbable suture in children. Grossly contaminated wounds may be cleaned, debrided, and
closed. Partial amputations with soft tissue loss
measuring less than 1 cm2 will heal by secondary
intention and may be treated with cleansing and
serial dressing changes. Even larger defects will
heal well in younger players. Larger wounds
involving exposed bone or tendon, nail bed
injury, or more proximal amputation should be
emergently treated by a hand surgeon [4, 5].
Athletes with surgically treated injuries may
return to sports between 5 and 10 days with protective taping once soft tissue healing allows.

27.3

Joint Injuries of the Fingers

Dislocations are usually clinically apparent; they
are characterized by pain, limited movement, and
digit deformity. If there is any crepitus, bony
point tenderness, or open injury, the finger should
be radiographed prior to reduction to assess for
an associated fracture. Other dislocations can be
reduced, splinted, and seen with a post-reduction
radiograph. Any irreducible dislocation or dislocation associated with an open wound requires
emergent intervention. Local or regional anesthesia may be necessary to obtain adequate pain

relief and relaxation for reduction. Digital blocks
are placed by injecting the ulnar and radial web
spaces of a digit, anesthetizing the dorsal and
volar digital nerves. The local anesthetic should
not contain epinephrine, which can cause digital
ischemia.

27.4

Proximal and Distal
Interphalangeal Joints

Distal interphalangeal (DIP) joint dislocations
are uncommon, almost always dorsal, and often
are open. These injuries are frequently associated
with extensor disruption. If there is no open
wound or tendon rupture and closed reduction is
possible, extension splinting for 2–3 weeks is
recommended. Proximal interphalangeal (PIP)
joint injuries are the most common joint injuries
in sports, primarily occurring in athletes who participate in contact sports and ball-handling like
basketball [6, 7].

27.4.1 Dorsal Dislocations
These injuries are frequently seen in basketball.
Dorsal dislocations are most common and caused
by hyperextension with axial load. This causes
distal volar plate rupture with or without bony
avulsion. A true lateral X-ray should be obtained
to rule out a fracture [7]. Reduction is usually
uncomplicated. Dynamic and static stability
should be assessed after reduction, including collateral ligament stability [8]. If there is no associated fracture or ligament injury, splinting in 30°
of flexion for 1–2 weeks, followed by buddy taping for sports for 4–6 weeks, is effective.
Recurrent dislocation is rare. Swelling and tenderness can persist for several months. Motion
exercises as soon as comfort permits can help to
prevent stiffness [7].

27.4.2 Volar Dislocations
Volar dislocations of the PIP joint are less common injuries. They are more difficult to reduce
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and are associated with more complications than
are dorsal dislocations. Compression and rotation
with PIP joint flexion cause this type of injury.
Pathology usually includes extensor tendon central slip avulsion, volar plate disruption, and collateral ligament tears [7, 8]. If closed reduction is
successful, the PIP joint should be splinted in full
extension for 3–4 weeks to protect the central
slip, allowing the DIP joint to remain free, followed by night splinting for an additional
3–4 weeks. If closed reduction is not possible,
open reduction and pinning are necessary [7].
Late development of boutonnière deformity is a
potential complication.

27.4.3 PIP Subluxation
Irreducible dislocation of the PIP joint is a typical
presentation of this injury. It involves buttonholing of one condyle of the proximal phalanx
through a longitudinal rent in the extensor hood
between the central slip and lateral band. On lateral radiography, a lateral profile of the proximal
phalanx with an oblique profile of the middle
phalanx can be seen [8]. Closed reduction buddy
taping with full active range of motion is usually
sufficient. If closed reduction is not achieved,
open reduction is often necessary to disengage
the proximal phalanx condyle from the central
slip and lateral band.

27.4.4 Collateral Ligament Injuries
Collateral ligament injuries can occur as a
result of varus or valgus stress on the joint,
which commonly occurs in basketball. Proximal
attachment disruption is usually observed.
Radial collateral injuries are more common
than ulnar side injuries. The index finger is the
most commonly involved digit [7]. Typical
examination findings are tenderness and ecchymosis. Radiographs should be obtained to confirm or preclude the presence of a fracture.
Stability assessment should be done by both
examination and radiographs. Most collateral
ligament injuries could be treated with buddy
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taping, without any restriction in sports. If the
tear is associated with significant instability,
the digit should be immobilized in a dorsal
splint for 3–4 weeks [7].

27.4.5 Metacarpophalangeal Joint
Metacarpophalangeal (MCP) dislocations are
relatively rare compared with interphalangeal
joints and usually involve dorsal dislocation.
Index or small fingers are most commonly
affected. Simple dislocations can be treated with
immediate closed reduction, and if stability
achieved following closed reduction, then buddy
taping should be considered and active motion
should be allowed immediately. Complex dislocations involve buttonholing of the metacarpal
head between the flexor tendon and the lumbrical
with volar plate interposition into the dislocated
joint. These usually require formal open reduction. After surgical intervention, 3 weeks of activity restriction and controlled activity regaining
should be planned.

Fact Box

• Most soft tissue injuries can be treated
with conservative methods and cause no
out of play period.
• Close follow-up is important for early
and better results.
• The goal is motion for the long fingers.
• Some types of injuries that may require
surgery must be identified by a specialist.

27.5

Joint Injuries of the Thumb

Thumb interphalangeal (IP) dislocations are
unusual injuries and are managed similarly to finger DIP dislocations. Dislocations of the thumb
MCP joint are usually dorsal dislocations, resulting from hyperextension at the MCP joint with
volar plate rupture. The metacarpal head may
slide through the volar plate, where it becomes
stuck between the flexor pollicis longus and
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flexor pollicis brevis tendons [8]. The volar plate,
flexor pollicis longus, or sesamoids may be interposed and prevent reduction, but closed reduction
is usually possible, with splinting recommended
for 3–4 weeks after reduction.

is less common than UCL injury but evaluated
and treated in a similar manner. Injuries could be
associated with volar subluxation of the joint and
may require surgical stabilization [7, 8]
(Figs. 27.1–27.3).

27.5.1 Skier’s Thumb

27.6

Also known as gamekeeper’s thumb is the acute
rupture of the ulnar collateral ligament (UCL) of
the thumb MCP joint. Hyper-abduction at the
MCP joint causes these injuries. Stener lesions
can be seen, in which the torn end of the UCL is
displaced superficially to the aponeurosis of the
adductor pollicis, preventing healing. Tenderness
and swelling over the ulnar side of the thumb
MCP joint could be observed with instability of
the UCL on radial stress. With the MCP joint in
30° of flexion and at full extension, instability
should be evaluated. Stress radiographs can also
be used for diagnostic purposes [6, 9–11].
Ultrasound and magnetic resonance imaging
(MRI) can directly visualize the torn UCL. Gross
instability or a palpable lump suggests a Stener
lesion. This lesion may be present in up to 70%
of cases [6, 8].
Stable injuries will do well with immobilization for 4 weeks in a thumb spica cast, followed
by 2–4 months of protected splinting during athletic competition. Surgical intervention with
reconstruction of the UCL is required for any
injury with greater than 30–35° of instability in
flexion, any instability in extension, a Stener
lesion, or large bony avulsion [6, 8–10]. For a
safe and fast return to the sport, stability should
be regained as soon as possible. A 3-week out-of-
play period is needed for a player with torn
UCL. Ball contact can be allowed after 3 weeks.
Competitive sportive attendance should be
delayed for 4–5 weeks according to the player’s
response to the treatment.

27.6.1 Mallet Finger

27.5.2 R
 adial Collateral Ligament
Injury
Radial collateral ligament injury could involve
proximal or distal portion tears of the ligament. It

Tendon Injuries

Mallet finger is also known as drop finger or
baseball finger and commonly occurs in basketball players. The extensor mechanism insertion
into the distal phalanx is disrupted, resulting
from forced flexion of an actively extended DIP
joint. A bone fragment may be avulsed with tendon [7, 10, 11]. The patient will have a passively
flexed DIP joint with full passive range of motion
but inability to actively extend at the DIP joint
[4]. Splinting of the DIP joint with mallet finger
splints for at least 6 weeks while allowing PIP
motion, then up to 4 weeks of nighttime splinting. If there is a large bony fragment avulsed, surgical fixation with reduction and pinning is
recommended. Surgical treatment may be necessary for late, chronic cases [7, 10–12]. Players
should be out of play for 4–6 weeks.

27.6.2 Boutonnière Deformity
This deformity is caused by avulsion of the extensor mechanism central slip at the middle phalanx
and also known as a buttonhole deformity. The
head of the phalanx may displace through the
defect. The lateral bands then contract, causing
late extension deformity at the DIP joint (usually
appearing up to 3 weeks later) [7, 10]. This injury
usually develops by forced flexion of the middle
phalanx while the player is attempting to extend
the joint. The examination findings are swelling
and pain over the dorsal PIP joint, inability to
extend the PIP, and possible hyperextension at
the DIP joint [11].
Conservative treatment consists of extension
splinting of the PIP for 6 weeks, allowing DIP
motion, followed by gradual PIP motion. Chronic
cases usually respond to closed treatment as well.
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Fig. 27.1 (a) Preoperative image of thumb MCP joint UCL complete injury. (b) Preoperative image of thumb MCP
joint RCL complete injury

a

b

Fig. 27.2 (a) Preoperative fluoroscopy image of thumb MCP joint UCL complete injury. (b) Preoperative fluoroscopy
image of thumb MCP joint RCL complete injury
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27.6.3 Pseudoboutonnière Deformity
Clinically there is a similar appearance to the
Boutonnière deformity but a distinctly different
mechanism and treatment. Pseudoboutonnière is
caused by a hyperextension injury to the DIP
joint, disrupting the volar plate and either the
radial or ulnar collateral ligament. Tissue contraction causes later development of progressive PIP
flexion deformity. Differentiation from a
Boutonnière deformity is possible by the absence
of tenderness over the PIP central slip and equivalent active and passive ranges of motion at the PIP
joint in this injury [8, 10]. Treatment is difficult
and often prolonged, with splinting recommended
if PIP deformity is less than 45°. Surgical intervention with capsular reconstruction is frequently
necessary for major deformities [10]. Out-of-play
period can last between 4 and 6 weeks.

27.6.4 Jersey Finger
Jersey finger includes an avulsion of the flexor
digitorum profundus (FDP) tendon from its insertion on the volar side of the distal phalanx, usually occurring in basketball players. It most
commonly affects the ring finger [7, 10, 13].
Fig. 27.3 Postoperative fluoroscopy image of thumb
Injury is caused by forced DIP extension durMCP joint UCL and RCL reconstruction
ing maximal FDP contraction, as in grabbing
someone’s jersey while attempting to tackle.
Clinical findings include the inability to actively
Fact Box
flex the DIP joint with normal passive range of
• A bilateral clinical examination is impormotion. Radiographs are usually normal if there
tant to determine instability and should
is no bony fragment avulsed with the tendon [11,
be preceded by radiography.
12]. Injuries are treated according to severity,
• Surgical treatment is a must in complete
which depends on the degree of tendon retracor unstable injuries.
tion. In type I injuries, the tendon slides into the
• Conservative treatment is performed for
palm. In type II injuries, the tendon slides to the
partial and stable injuries.
level of the PIP joint. In type III injuries, the ten• Adequate treatment is essential to predon slides only to the A4 pulley. These are nearly
vent chronic instability.
always associated with a large avulsed bony fragment [10–13]. Surgical treatment is necessary for
all kinds of injuries, but the greater the degree of
In elite players, early surgical interventions are retraction, the more quickly surgical intervention
recommended for safe and fast return to play. is required. Type I injuries should be addressed
Cases associated with large bony fragments within 7–10 days, whereas type III injuries are
should be surgically treated [7, 10, 11]. Out-of- often successfully treated up to 2–3 months later
play period can last between 4 and 6 weeks.
[7, 10].
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Nondisplaced and stable fractures can be treated
with buddy taping and early range of motion
• Deciding whether the surgery is needed
[14]. Careful clinical and radiographic follow-up
or not is crucial.
is required to detect the fracture type and dis• Early diagnosis, treatment, and close
placement. Even displaced fractures can be
follow-up are necessary for better
treated with closed reduction and immobilization
results.
with cast or splint and an outrigger with the
affected finger held in the intrinsic-plus position
including an adjacent digit to help maintain rotational alignment [14]. In elite players, surgical
treatment is recommended for displaced frac27.7 Nerve Compression Injuries
tures. Fracture immobilization should be limited
Recurrent traumas to the digital nerves cause pro- to 3 weeks prior to initiation of hand-based therliferation of the surrounding fibrous tissue and apy for regaining the maximal range of motion.
negatively affect nerve mobility. Players present Protective splinting should be continued during
with paresthesia and dysesthesias in the affected sport-specific activities until healing and the
digital nerve dermatome, a positive Tinel’s sign player’s confidence is evident [14, 16, 17]. Intra-
over compression area and possible decreased articular, unstable, or rotationally misaligned
two-point discrimination in the nerve derma- fractures may benefit from open or closed reductome. Rest, stretching exercises, and anti- tion and internal or percutaneous fixation to
inflammatory drugs commonly help relieve the restore anatomic restoration and rotational consymptoms. Symptoms may take from several trol. Rigid fixation should be obtained, and mobidays to months to resolve. Surgical decompres- lization should start immediately within the first
sion or nerve transfer are rarely indicated.
week after surgery to regain range of motion and
edema control, permitting an earlier return to
sport and a more predictable functional outcome
27.8 Phalangeal Fractures
[14, 18]. Protective splinting should be maintained for 4 weeks or until fracture healing and
27.8.1 Proximal and Middle Phalanx
the player’s confidence is evident. Simple buddy
Fractures
taping should be continued in sportive activities
until range of motion and strength are restored
Very common fractures in players participating (Figs. 27.4 and 27.5).
in contact sports or sports requiring catching of a
ball like basketball. Fracture displacement differs
according to the mechanism of injury and 27.8.2 Distal Phalanx Fractures
deforming forces on bone. Proximal phalanx
fractures generally have volar angulation with Distal phalangeal fractures comprise 50% of all
proximal segment flexed by the interosseous hand fractures, especially in the thumb and midmuscle contraction and the distal segment dle finger [19]. Fibrous septa between skin and
extended by pull of the central slip of the exten- bone minimize fracture displacement. Evidence
sor mechanism [14, 15]. Deforming forces of nail bed injury should be evaluated carefully.
applied to middle phalanx fractures are generated Treatment is dictated by the presence of soft tisby both the central slip and the flexor digitorum sue injury. If the nail bed is injured, the nail bed
superficialis tendon resulting in either volar or must be repaired to prevent nail deformity [20].
dorsal angulation depending upon the location of Immobilization is restricted to the distal interphathe fracture [14, 15]. Treatment depends upon the langeal joint for a period of 3–4 weeks after
stability of the fracture; correction of rotational which motion is initiated [14]. Persistent tenderdeformation is crucial. No greater than 10° of ness can be seen for greater than 6 months requirangulation in any plane should be allowed. ing a program of desensitization to allow full
Fact Box

310

U. Nalbantoglu and O. Tok

Fig. 27.4 Preoperative fluoroscopy image of 5. Proximal
phalanx fracture

function [21]. Loss of continuity of extensor
mechanism through bony or tendinous disruption
can cause mallet finger deformity. Treatment is
almost always conservative with continuous
extension splinting of the distal interphalangeal
(DIP) joint for at least 6 weeks. After 6 weeks,
the removal of the splint several times a day for
active range of motion exercises for an additional
2 weeks is needed [15, 16].

27.8.3 R
 eturn to Sports after
Phalangeal Fractures
Players with stable fractures treated conservatively may return to sports with rigid cast immobilization, thermoplast splint protection, or
buddy taping (as specific activities permit) as
soon as symptoms allow, often within the first

Fig. 27.5 Postoperative fluoroscopy image of 5.
Proximal phalanx fracture

week [22]. Loss of reduction or malrotation must
be closely followed-up. Protection should be
maintained until radiographic evidence of complete healing is evident and functional recovery
of range of motion and strength are complete
[16]. Players with surgically treated fractures
may return to sports with protective splinting or
casting once soft tissue healing is acceptable.
Edema control and active motion are typically
initiated at 2 weeks and by 4 weeks 75% of
motion should have been regained and strengthening can be initiated. Protective splinting
should be maintained for sport-specific activities
until healing and the player’s confidence is evident [14, 22, 23]. Buddy taping should be maintained until strength and motion have been
restored.

27 Isolated Finger Injuries in Basketball

Fact Box

• Radiography should not be forgotten in
finger traumas.
• Rotational deformity must be reduced.
• Closed techniques should be chosen for
early recovery.
• Stable fixation is crucial for displaced
fractures.

Take Home Message

Finger injuries require a complex and multifactorial process to make the correct diagnosis and to decide when and with which
technique the surgery will be performed
and when the player is allowed to return to
the sport. It is crucial to follow up the players closely and individually and to work
with qualified physicians.
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Hip and Groin Injuries
in Basketball
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28.1

Introduction

Basketball is a physically demanding, highspeed pivoting sport in which injury risk, especially to the lower limbs, is high, including
injuries to and around the hip [1–5]. Basketball
players perform repetitive activities that require
wide ranges of motion of the hip such as jumping, pivoting, sprinting, and direction changes.
These repetitive activities over time may contribute to the development of various injuries in
and around the hip. Pathology around the hip is
present in both genders and at all ages and levels of play in basketball [1–4]. Hip injuries
were found to account for up to 14.6% of all
injuries and 4.3% of games missed in National
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Basketball Association (NBA) players, with the
majority being muscle sprains/strains and contusions [2, 3], and among high school basketball players, hip/thigh injuries were found to
represent 8.2% and 8.7% of all injuries for male
and female athletes, respectively [1]. While the
last two decades have introduced a better
understanding of intra-articular hip pathology,
the majority of injuries to the hip in basketball
are still extra-articular [3, 5]. However, as the
understanding and diagnosis of femoro-
acetabular impingement syndrome (FAIS) has
increased in recent years, it is likely that a
number of athletes might have been misdiagnosed as having a “strain” over the years when
pain etiology was actually FAIS.
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Limited data exists on the prevalence of surgery due to basketball-related hip injuries.
Jackson et al. reported that only 22 of 2852 injuries (0.8%) required surgery over a period of
24 years in the NBA; however, their data excluded
offseason surgery and, thus, probably does not
provide a true representation of the total burden
of hip injuries requiring surgery in basketball.
This chapter addresses the spectrum of the
common hip and groin injuries in basketball,
diagnosis and management, from soft tissue injuries to extra- and intra-articular impingement,
with a focus on FAIS.

28.2

 oft Tissue Hip and Groin
S
Injuries

Despite the increasing focus in recent years on
intra-articular hip pathology and FAIS in basketball, the majority of hip and groin injuries in the
sport are soft tissue injuries [2, 3]. While at the
high-school level, ligament sprains were the most
common injury type with 44% [1], the vast majority of soft tissue injuries at the professional level
(up to 90%) are strains and contusions, with a
higher incidence of hamstrings and adductor strains
compared to NFL players in the NBA [2, 3].
Hip and groin pain in athletes have suffered for
years from lack of consensus in terms of terminology, definitions, and classification [6]. The Doha
agreement, published in 2015 provided uniform
definitions for classical groin injuries, including
adductor related, iliopsoas related, inguinal
related, and pubic related groin pain (Table 1) [7].

Fact Box 1

Hip and groin injuries are common in basketball, accounting for up to 14.6% of all
injuries at the professional level. Soft tissue
injuries such as muscle strains and contusions represent the most common type of
injuries around the hip, with higher incidence of adductor and hamstrings strains at
the professional level.

28.2.1 Risk Factors for Groin Injuries
There is very limited data on how acute groin
injuries occur in basketball; however, sudden
change of direction and lateral accelerationdeceleration movements where the muscles are
stretched during forceful contraction have been
shown to be common causes in other sports and
are common movement patterns in basketball [6].
A systematic review focusing on level 1 and
2 studies highlighted a number of factors associated with increased risk of groin injury in athletes. The most common factor found was
previous groin injury, while higher level of play,
decreased hip adduction strength (both by itself
and relative to abduction), and lower levels of
sport specific training were also recognized [8].
Another systematic review and meta-analysis
investigating cross-sectional factors differentiating athletes with and without hip and groin
pain revealed pain, lower strength on adductor
squeeze test, reduced hip internal rotation, and
bent knee fall out were frequent findings in athletes with hip and groin pain [9].
In a 24-year epidemiologic overview of hip
injuries in the NBA, Jackson et al. highlighted
that the majority of hip soft tissue strains occur
during the preseason and the first month of the
season, with the majority of strains involving the
hamstrings and adductors (Fig. 28.1) [3]. This
could be explained by the acute surge in loads
during this period in comparison to the preceding
off-season period [10].

28.2.2 Adductor Muscle Strains
Musculotendinous injuries around the groin are
by far the most common type of injuries related
to the hip and groin in athletes. For both acute
and long-standing groin pain, adductor-related
injuries are the most frequent, accounting for up
to 64% of all hip and groin injuries [11]. The hip
adductor muscles, consisting of six muscles—the
adductor longus (AL), magnus, and brevis, gracilis, obturator externus, and pectineus—originate
on the pubis and attach on the medial aspect of
the femur. The occurrence of adductor injuries
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Fig. 28.1 Frequency of hip soft tissue strains in the NBA
by month of the season over 24 seasons in the NBA. Month
1 represents the preseason. From: Jackson TJ, Starkey C,
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the National Basketball Association: A 24-Year Overview.
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can be acute, with a clear associated mechanism
of injury, or chronic, with gradual symptom
development. Injuries to the adductor muscles
most commonly occur during eccentric contraction, when the muscle contracts while being
lengthened or during passive stretch. The adductor longus is most commonly injured during sport
activity [12]. It is not surprising that adductor
injuries are not uncommon in basketball as sudden direction changes are common in the game
both in offense and defense situations, constantly
contesting the adductor-abductor muscle groups
during play [3].
Mismatch in the abductor and adductor muscle group strength has been identified as a risk
factor for adductor strains in athletes [13]. Tyler
et al. found that adduction strength was found to
be just 78% of abduction strength in those players who sustained an adductor injury and that
players were 17 times more likely to sustain an
adductor muscle strain if their adductor strength
was less than 80% of their abductor strength [13].
Furthermore, they found that preseason hip
adduction strength was 18% lower in players
who went on to sustain an adductor muscle strain
compared to uninjured players.
Clinical signs of adductor-related groin pain
include tenderness at the adductor longus and/or

gracilis origin at the inferior ramus pubis as well as
groin pain at the same site with palpation or resisted
adduction [11]. Other common signs include
decreased adductor muscle strength and groin pain
on full passive abduction [9]. Magnetic resonance
imaging (MRI) and ultrasound are the preferred
modalities for evaluating and assessing the location
and severity of adductor strains. MRI findings may
include avulsion of the adductor muscle from the
pubic ramus, edema, or hemorrhage.
Treatment of adductor strains is primarily
conservative and depends on the onset (acute or
chronic). In the acute setting, management consists of rest, protected weight bearing, and initiation of a strengthening and rehabilitation
program. In the chronic setting, muscle weakness
and imbalance may be more pronounced and
may require a more gradual strengthening strategy. While most protocols begin with passive
modalities such as stretching and local treatment,
there is evidence that attention to active strengthening consisting of progressive resistive abduction/adduction, core strengthening, balance
training, and sports-specific movements can be
more effective in treating chronic adductor strains
[3]. In the event an athlete fails conservative
treatment, surgical management is an appropriate
option, particularly in the chronic setting, how-
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ever may also be an option in selected acute cases
involving fibro-cartilaginous avulsion. Surgical
treatment consists of adductor tendon debridement/release [14, 15] and/or repair [16]. If
chronic changes are present at the insertion site
on the pubis, debridement of the insertion site
may be warranted.
Return-to-play following adductor injuries
has been previously evaluated in collegiate and
professional basketball players. In an epidemiologic study of 621 hip adductor strains among
National Collegiate Athletic Association (NCAA)
athletes between the 2009–2010 and 2014–2015
academic years, [17] found that among male collegiate basketball players with adductor injuries,
22.9% were restricted from practice or gameplay
for 1–6 days, 8.6% for 7–21 days, and 5.7% for
>21 days [17]. A similar study of 967 NBA players sustaining hip injuries between the 1988–
1989 and 2011–2012 seasons found that an injury
to the adductor group resulted in 6.45 ± 7.4
missed practices and/or games [3]. Interestingly,
suggesting adductor strains may be more debilitating at the professional level, which could be
explained by a more stringent return-to-play protocol in the NBA.
The majority of athletes with adductor-related
injuries return to sport within 4–6 weeks. There
is, however, evidence that if an elite athlete sustains a groin re-injury, the recovery period for the
re-injury is almost twice as long compared to the
index injury, emphasizing the importance of
managing the injury properly the first time around
[18].

Fact Box 2

Adductor injuries represent the most
common site of soft tissue injuries around
the hip.
The majority of athletes with adductor-
related injuries return to sport within
4–6 weeks. It is important to manage these
injuries properly and achieve full recovery
as the recovery period for a re-injury, if one
occurs, is almost twice as long compared to
the index injury.
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28.2.3 H
 ip Flexor Muscle Injury/
Iliopsoas Tendinitis
Hip flexor muscle injuries and iliopsoas tendinitis can be a common source of injury and irritation in professional basketball players. The
iliopsoas muscle is involved in spinopelvic control and hip flexion and is frequently recruited in
basketball players leading to increased risk of
injuries. Jackson et al. reported an overall incidence of 13.2% for hip flexor muscle or Iliopsoas
injury, resulting in 7.7 ± 11.3 days out of sports in
a cohort of 967 NBA players over 24 years [3].
Athletes with iliopsoas-related pain may complain of groin pain with hip flexion, tenderness
palpating the muscle through the lower abdominal wall and/or just distal to the inguinal ligament
medial to the sartorius, and pain on passive
stretching during the Thomas test [11]. The iliopsoas may be tight as well as weak and sore when
tested isometrically with 90° of hip flexion and
may also present as an internal snapping sensation from rubbing over the iliopectineal eminence
(“internal snapping hip”). Hip flexor tendinopathy diagnosis is largely clinical; however, ultrasound and MRI may assist in the diagnosis with
findings of iliopsoas tissue disruption, edema,
neo-vascularization or calcified tissue in the iliopsoas and any findings suggestive of muscle-
tendon complex disruption. An ultrasound-guided
lidocaine injection into the psoas tendon sheath
can aid for diagnostic purposes. Application of
steroid should be used with caution.
Conservative measures are the mainstay of
treatment for iliopsoas tendonitis, consisting of
NSAIDs, physical therapy, rest, massage, and
activity modification. These treatments yield
symptomatic relief in the majority of athletes.
Rehabilitation programs should focus on core
musculature and hip flexor strengthening with
gradual progression according to clinical milestones. If insufficient symptomatic relief is
achieved, ultrasound-guided corticosteroid injection can be considered as a final treatment step
[19], however should be used with caution, while
other injection options such as platelet-rich
plasma (PRP) have gained more popularity in
recent years and are considred a safer option.
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Although arthroscopic tendon lengthening or
release has been shown to have success in athletes
[20], this modality should be applied sparingly as
there is risk for altering spinopelvic dynamics and
sacrificing a secondary stabilizer of the hip,
thereby
potentially
contributing
to
micro-instability.

28.2.4 Sports Hernia/Athletic
Pubalgia/Core Muscle Injury
Although adductor and hip flexor injuries are common soft tissue injuries in professional athletes,
lower abdominal musculature and inguinal region
dysfunction can be an important cause for pelvic
disability. These injuries, often referred to as
“sports hernia” or “athletic pubalgia’’, have many
names including “Gilmore’s groin” and “osteitis
pubis,” and more recently, the term “core muscle
injury” (CMI) has been coined. While less common than adductor and hip flexor injuries, the
extent of this pathology has yet to be described in
basketball players. In elite male football, almost
50% of players suffering from inguinal-related
groin injury miss more than 4 weeks of training and
match play, and injury time is almost double that of
adductor injuries [18, 21]. The pathology is thought
to involve an injury to the abdominal wall at the
fascial attachments of the rectus and adductors
onto the pubic symphysis. Some authors have
described CMI as an actual tear in the part of the
transversalis fascia that forms a portion of the posterior inguinal wall, thereby leading to an incipient
posteriorly protruding hernia [22]. CMI is thought
to occur from abdominal hyperextension and hip
abduction [23], motions such as in abrupt direction
changes which are common in basketball. Other
reported mechanisms include acute trauma or
repetitive microtrauma from overuse.
Presentation often includes proximal adductor
pain as well as inguinal canal pain near the rectus
abdominis muscle insertion on the pubis [23, 24].
Symptoms typically worsen with activity and
resolve with rest. Additionally, these athletes
may experience pain with coughing or radiation
of pain into the groin and testicular regions, indicating entrapment of surrounding nerves [23].
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Symptoms are commonly unilateral, although
bilateral symptoms have been reported in up to
43% of athletes [24].
On physical examination, patients may have
tenderness on palpation of the pubic tubercle
and pubic symphysis. The abdominal obliques
and conjoined tendon/rectus abdominis should
also be palpated to help differentiate CMI from
other etiologies of lower abdominal pain.
Resisted hip adduction and palpation of the
inferolateral edge of the distal rectus abdominis
with resisted sit-up may recreate the patient’s
symptom.
Imaging should include radiographs as a first
line, with AP pelvis and lateral views of the femur
(also to investigate for other causes of groin
pain), and may show signs of osteitis pubis,
thereby clueing towards CMI. As a next step,
MRI can be useful in detecting both rectus
abdominis and adductor aponeurosis pathology
[25] as well as signs of osteitis pubis and may
demonstrate tearing/detachment of other structures from the pubis. Additionally, MRI can rule
out concomitant ipsilateral intra-articular hip
pathology. Dynamic ultrasound examination may
detect weakness of the abdominal wall during
maneuvers that increase intra-abdominal pressure (i.e., Valsalva).
First-line management for CMI is conservative with physical therapy focusing on core stabilization, postural retraining, and re-stabilizing the
hip and pelvis muscle balance. Gradual RTS can
be attempted after a period of rest and activity
modification. It is important to note though that
CMI can be a very troublesome condition, which
takes a long time to recover from, and may not
resolve by conservative treatment. Surgical treatment may be considered following conservative
treatment failure. A number of surgical techniques have been described, including open or
laparoscopic use of a mesh to support the area of
weakness and excision/ablation of various nerves.
The advantage of the laparoscopic technique is
that it allows addressing both sides through the
same incisions (whether both sides are symptomatic or as a prophylactic measure for the non-
symptomatic side). Overall, surgical treatment
has been shown to be successful in treating CMI
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in high-level athletes. To our knowledge, the
results of surgical treatment for CMI has yet to be
described in professional basketball players;
however, in a cohort of 22 professional hockey
players undergoing external oblique aponeurosis
repair and excision/ablation of surrounding
neurovascular bundles, Irshad et al. reported 86%
of players were able to return to professional
hockey [26].

28.3

The Hypermobile Athlete

The hypermobile athlete is a unique population
that is predisposed to a specific subset of hip
disorders. While more common in dancers or

gymnasts that require extreme ROM to perform
their athletic tasks, thus placing them at risk for
potential hip pathology, it is still important to rule
out the condition in basketball players as well.
Excessive hip ROM can cause the labrum to
become pinched between the femoral head and
acetabulum, leading to labral pathology and
symptoms consistent with hip impingement.
Completing a simple Beighton hypermobility
score can aid in the diagnosis, with scores from
5–6/9 and above suggesting a degree of joint
laxity and hypermobility [27]. Additionally, high
proportions of hypermobile athletes can present
with borderline hip dysplasia that will contribute
to hip pathology and presentation.

28.4

I ntra-Articular Hip Injuries/
Pathologies

Intra-articular hip injuries are the most common source of groin pain in athletes not related
to the musculotendinous structures in the groin
area. In recent years, intra-articular hip injuries
have received increased recognition as an
important differential diagnosis in athletes with
groin pain with an increasing incidence reported
[21]. In elite football, intra-articular hip injuries were found to account for up to 10% of all
hip and groin injuries [18]. The most common
diagnosis of intra-articular hip pain is femoro-

acetabular impingement syndrome (FAIS) representing symptomatic abnormal premature
contact between the proximal femur and the
acetabulum [28].

28.4.1 Femoro-Acetabular
Impingement Syndrome
(FAIS)
Recently, a consensus statement, also referred to
as the “Warwick agreement,” defined uniformly
accepted definitions and terminology regarding
FAIS [28]. It defined FAIS as a motion-related
hip disorder consisting of a triad of symptoms,
clinical signs, and imaging findings [28]. The
pathology is particularly prevalent in athletes
who participate in high-impact sports such as
basketball which involve constant pivoting
motions [3, 29]. FAIS is comprised of two common bony 
pathomorphologies. Femoral-sided
pathomorphologies are termed CAM deformities
and acetabular-sided pathomorphologies are
termed PINCER deformities. These abnormalities can be present each in isolation or in combination (referred to as “mixed-type FAIS”), as
well as associated labral, cartilage, and soft tissue
pathology (Fig. 28.2).
CAM patho-morphology refers to a flattening
or convexity at the femoral head neck junction,
while PINCER patho-morphology refers to either
global or focal overcoverage of the femoral head
by the acetabulum [30]. Their presence, however,
in the absence of appropriate symptoms and clinical signs, does not constitute a diagnosis of FAIS
as a substantial proportion in the general population are thought to have CAM or PINCER morphology [31, 32].

28.4.2 Labral Tears
The labrum is a horseshoe-shaped fibrocartilaginous tissue which attaches to the rim of the acetabulum. At its apex, however, the labrum is
triangular and functions to maintain hip stability
by increasing the depth of the socket, increasing
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Fig. 28.2 CAM type, Pincer type, and combined type
deformities. Anterior-posterior X-ray imaging of the left
hip demonstrating isolated CAM-type deformity of the

femoral head (a), isolated PINCER-type deformity of the
acetabulum with acetabular retroversion and over-coverage
(b), and a combined CAM and PINCER deformity (c)

the surface area of the hip and providing a suction
seal. As the labrum ends inferiorly at the anterior
and posterior edges of the acetabular fossa, it
becomes continuous with the transverse ligament
which spans the base of the socket. Similar to the
meniscus of the knee the acetabular labrum is
vascularized from the periphery and contains
nerve fibers which can produce pain upon injury
to the structure.
In FAIS a variety of abnormalities of the
femur and/or acetabulum combined with rigorous and/or terminal hip motion can produce
repetitive collisions that can damage the soft
tissue structures (labrum/cartilage) around the
acetabulum. CAM-type impingement occurs
due to the loss of concavity of the femoral neck
junction anterolaterally. This prevents this portion of the femoral head from sliding smoothly
under the acetabulum during hip range of
motion. As a consequence, the femoral head
with its abnormal morphology continuously
abuts the acetabulum causing lifting of the
labrum due to shear stresses and which may
disrupt
the
chondrolabral
junction.
Alternatively, traumatic injuries of the labrum
also exist. These injuries occur when superphysiologic flexion of the hip causes direct
abutment of the femoral neck on the acetabulum. This can cause direct damage to the
labrum and acetabular cartilage while creating
indirect posterior inferior cartilage damage by
leverage [33].

While Labral tears typically occur antero-
superiorly in association with FAI or dysplasia,
less commonly, labral pathology may occur in
isolation in a less common direct anterior location, adjacent to the iliopsoas tendon in the
absence of bony abnormalities, and are likely the
result of iliopsoas impingement [34–36].

28.4.3 Acetabular Dysplasia
Acetabular dysplasia is a developmental disorder
reported to be present in 4.3% of males and 3.6%
of females [37]. Dysplasia can lead to hip pain in
the young adult and has been recognized as a
potential precursor for the development of early
hip arthrosis if not recognized and treated early.
Hip dysplasia is the result of abnormal hip joint
development in early infancy and childhood
resulting in abnormal morphology of the acetabulum, femoral head, or both [38]. More commonly
there is undercoverage of the femoral head anteriorly or laterally resulting in increased focal contact pressures in the posterosuperior acetabular
rim. The labrum is often hypertrophic in dysplastic hip as a result of a physiologic attempt to compensate for the lack of bony coverage. The
increased contact pressures can lead to labral and
cartilage damage, while decreased contact pressures in the undercovered area can lead to premature cartilage and labral degeneration [39, 40].
Decreased femoral head coverage can lead to
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potential instability with increased femoral head
translation in the area of acetabular deficiency.
Recurrent subluxation/dislocation events can
additionally lead to degeneration and cartilage
injury, ultimately leading to an increased rate of
early arthritis if not treated early.

28.4.4 Pathogenesis of FAIS
Athletes involved in pivoting sports such as basketball are at increased risk for the development of
hip pathology [29, 41]. Particularly high-impact
activities that involve flexion and rotation of the
hip expose the joint to abnormal joint forces. This
abnormal mechanical stresses may present in a
variety of hip pathologies including FAIS, labral
tears, and cartilage injury. High-
intensity sport
activity causing physeal stress surrounding adolescence has also been suggested as a risk factor for
the development of the CAM morphology, with
observations showing higher FAIS incidence in
athletes than in age-matched individuals not participating in high-level sports [42, 43].
Alternatively, FAIS may develop secondary to
residual deformity from the sequelae of childhood
hip disorders, such as Legg–Calvé–Perthes disease, slipped capital femoral epiphysis (SCFE),
and hip dysplasia. When athletes place greater
demand on the hip than its natural ROM, compensatory stresses and subsequent pain may develop
in the lumbar spine, pubic symphysis, sacroiliac
joints, and posterior acetabulum. These compensatory stresses can also be transferred to the periarticular musculature and pubis, which may lead to
muscle injuries of the hip flexors, proximal hamstrings, adductors, iliopsoas and pubic pain.

28.4.5 Peri-Articular and Extra-
Articular Hip Impingement
Although hip impingement is classically
described as a mechanical condition due to
abnormal contact of the femur (CAM) and the
acetabulum (PINCER), other forms of
impingement have been recently described.

Anterior inferior iliac spine (AIIS) or subspine

impingement occurs when a prominent AIIS or
subspine region contacts the inferior/medial femoral neck when the hip is flexed beyond 90° [44].
This form of impingement, referred by some as
extra- or peri-
articular impingement, may be
related to the acetabulum structure (due to acetabular retroversion) or may arise from bony
changes related to prior stresses to the AIIS or
prior rectus femoris AIIS avulsion injuries which
may heal with a prominent AIIS or subspine
region causing impingement [45–48]. This injury,
caused by avulsion of the anterior or straight
head of the rectus femoris, primarily occurs
between the ages of 13 and 23 years when the
ratio of muscle to physeal strength is the greatest
[46, 47].
Ischiofemoral impingement is another form
of extra-articular impingement where pain is
often associated with hip extension, adduction,
and external rotation and commonly presents as
lower buttock and inner thigh pain and pain radiating toward the knee [49, 50]. Snapping and
clicking are often reported. The pathology stems
from reduced distance between the ischial tuberosity and lesser trochanter and injury to the quadratus femoris muscle can be evident on MRI and
is the result of repetitive impingement of the
muscle between these structures. Ischofemoral
impingement is thought to arise from prior injuries at the ischial tuberosity from proximal hamstring injuries, coxa valga, increased femoral
neck anteversion, and previous proximal femoral
fractures as well as the result of abductor insufficiency leading to increased hip adduction, and
should be conservatively managed initially.

28.4.6 Diagnosis
The clinical examination of the hip in basketball
players is a comprehensive assessment that
includes a detailed history, a structured physical
examination, and clinical tests as well as simple
and advanced imaging.

28.4.6.1 History
Obtaining a thorough history is key and will help
better characterize the injury and symptoms in
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context. Understanding whether symptoms are
the result of an acute or overuse injury, direct or
indirect trauma as well as characterizing the pain
(location/constant/intermittent/mechanical) can
provide important input as well as what provokes
or alleviates the pain; whether there is a radiating
pain element; identifying activity limitations
both in activities of daily living (ADL), work,
and sport; and also 
previous treatment/s and
response to such treatment/s.
When history does not provide a clear direction, a systematic approach may be warranted. It
is important to remember that even when dealing
with an otherwise healthy and often young athletic population, more serious conditions (e.g.,
infection, malignancy, or systemic disease) are
possibilities and should always be considered as
the hip and groin region is a common sight of
referred pain. It is therefore important to ask
about weight loss, fatigue, fever, chills, or a history of recent infection.
In an acute injury setup, a precise description
of the injury mechanism can be useful.
Characterizing the mechanism (i.e., contact or
non-contact related), energy and forces involved,
the exact movement and action which generated
the injury, as well as whether the player could
resume activity soon after the injury and the pain
pattern following, may be relevant for an accurate diagnosis. Additional focus should be
directed at symptoms correlating with the timing
of the injury or with current symptoms, such as
an accompanying sound or sensation (i.e., snap,
click, or pop) or an instability sensation.
In the non-traumatic/non-acute setting, it is
important to investigate into the activities undertaken by the player in the period preceding the
injury as well as a description of symptoms
development, previous similar symptoms, change
in the activity load (intensity, duration, frequency); change of surface, technique or equipment; and if symptoms development correlated to
such changes.
A history of systemic, urogenital, abdominal,
or low-back symptoms should be taken as well.
Childhood hip disorders such as Legg–
Calvé–Perthes disease, SCFE, developmental
dysplasia of the hip (DDH), and septic arthritis
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are important to be aware of. Assessing for
alcohol or steroid use as well as sickle cell disease is important when avascular necrosis is suspected. Osteoarthritis (OA) can be present in
basketball players and is likely to target players
toward the end of their career although not only.
OA will more likely present with increasing stiffness and a more global pattern of pain localization as opposed to a focal pattern in FAIS and
labral tears.
In FAIS, patients often describe a sharp deep
groin pain during hip flexion, internal rotation, or
adduction movements. Painful clicking is not
infrequently reported and may suggest involvement of the hip labrum or an internal snapping
hip [51].
Overall, a thorough history taking can help
focus the next steps of the diagnostic process,
including the clinical examination and requested
imaging studies, therefore aiding in a shorter and
more effective process.

Fact Box 3

Femoroacetabular impingement syndrome
(FAIS) is a motion-related hip disorder
consisting of a triad of symptoms, clinical
signs, and imaging findings. The actual
prevalence of intra-articular hip disorders
may have been underestimated over the
years. The prevalence of FAIS in basketball
has grown with the evolution in understanding and diagnosis of the condition in
recent years.

28.4.6.2 Physical Examination
Gait assessment is a key clinical tool for detecting hip pathology or abnormalities in the kinematic chain. Key elements of gait evaluation
include foot progression angle (FPA), pelvic
rotation, stance phase, and stride length [52].
Abnormal gait patterns associated with hip
pathologies include winking gait with excessive pelvic rotation in the axial plane, abductor
deficient gait (Trendelenburg gait or abductor
lurch), antalgic gait with a shortened stance
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phase on the painful side, and short leg gait
with dropping of the shoulder in the direction
of the short leg. Excessive rotation on FPA
could raise suspicion of femoral or acetabular
ante/retroversion. Abductor weakness can be
identified using the single leg stance test
(Trendelenburg test), in which a positive test is
determined by the observation of a pelvic drop
toward the nonbearing side or shift of more
than 2 cm toward the bearing (affected) side.
Functional tasks such as squatting (two and
single leg), single leg dip and a “step down test”
may assist in detecting functional weakness and
compensatory strategies. Performing deep
squats is often difficult in patients with FAIS as
well as sudden 
stopping/starting and cutting
movements. It is important to assess functional
tasks in both the frontal and sagittal plane in
athletes as pathologic patterns may not always
present in simple functional tasks and activities
of daily living, as symptoms are mainly related
to athletic performance in this population.
Therefore, more strenuous activities such as
running and jumping may need to be investigated for any unloading or compensating strategies and which may provoke or accentuate their
symptoms.
The seated examination consists of range of
motion in the seated position provides a repro-
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duceable and reliable way to assess bilateral
internal and external rotation with the ischium
square to the examination table. Players with
increased femoral anteversion will display
increased internal rotation and decreased external
rotation, while players with increased femoral
retroversion or acetabular retroversion will have
decreased internal rotation and increased external
rotation (Fig. 28.3).
Supine examination begins with inspection of
both legs for any abnormalities or leg length discrepancy. A thorough vascular, lymphatic, and
neurologic examination should be performed.
Lower back and spinal cord-related symptoms
that could present as hip pain should be ruled out.
Palpation is performed in key clinical areas that
can contribute to hip pain (groin, abdomen, pubic
symphysis, adductor tubercle, and greater trochanter). The palpation of the adductor insertion
is done with the hip flexed, abducted, and externally rotated, and the knee slightly flexed. Pain
on palpation suggests adductor-related groin pain
[11]. When adductor-related groin pain is suspected, an adductor squeeze test can be performed (Fig. 28.4).
Hip ROM is recorded for passive flexion,
adduction, abduction, and internal and external
rotation at 90° of hip flexion. In FAIS, patients
often have decreased hip range of motion and hip

Fig. 28.3 Hip range of motion. Internal and external rotation of the hip is checked with the patient supine and the hip
flexed to 90°. It can also be checked and compared in the seated and supine positions
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Fig. 28.4 The Adductor Squeeze test. There are several
adductor squeeze tests however the most sensitive is performed with the patient in the supine position. The examiner stands at the end of the examination table/bed with
hands and lower arms between the patient’s feet holding
them apart. The patient is asked to press the feet together

muscle strength [54], with flexion and internal
rotation mostly affected. The Thomas tests helps
assess for hip flexion contractures which can contribute to hip pathology. The hip flexion contracture test or Thomas test is performed by instructing
the patient to hold one knee to their chest and passively extend the other knee to the exam table.
The inability of the limb to reach the examination
table indicates contracture of the hip flexors; however, patients with hyperlaxity or hyper lordosis
of the lumber spine may have a false negative.
Assessment of hip flexors or psoas strength is performed using the resisted straight leg raise or
Stinchfield test (resisted hip flexion from 10–45°
with the knee extended). The psoas may place
pressure on the labrum during the maneuver
which can cause pain in players with intra-articular pathology or psoas impingement/tendinitis.
The diagnostic process of FAIS remains a
challenge due to the relative low diagnostic
accuracy of specific clinical tests [56, 57]. The
FADDIR (Flexion Adduction Internal Rotation)
test or Anterior Impingement Test is commonly
abnormal in athletes with FAIS (Fig. 28.5).
However, although very sensitive (high sensitivity), it should be noted that this test is not
very specific (low specificity), and thus positive in most patients with an intra-articular

323

b

with maximal force with the feet point straight up (a). A
positive test accounts for pain reproduced from the adductor longus insertion site where the patient also was tender
at palpation [11, 55]. Another common version of the test
is performed with the hips flexed to 45° (b)

Fig. 28.5 The FADDIR or anterior impingement test is
performed in the supine position with flexion to 90°,
adduction and internal rotation of the hip, bringing the
anterior femoral neck in contact with the anterior rim of
the acetabulum, trying to reproduce the patients’ symptoms thus indicating a positive test

problem [56]. Therefore, a positive test is not
diagnostic on its own for an intra-articular hip
joint problem however if negative an intraarticular hip joint problem is not likely [56].
Other tests with less sensitivity and specificity
include the FABER (Flexion, Abduction
External Rotation) test, also known as Patrick’s
test [56, 58] (Fig. 28.6) and the squat test [59].
Subspine impingement is tested with straight
hip flexion past 90° and is positive with reproduction of the characteristic pain.
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Fig. 28.6 (a, b) The FABER (Patrick’s) test stands for flexion, abduction, and external rotation. It is considered positive for intra-articular hip pain if it reproduces the patients’ typical groin symptoms [58]

28.4.6.3 Imaging
Radiographic abnormalities are not uncommon
in basketball [43].
Baseline imaging for a player with hip and
groin pain should consist of X-rays. Standard AP
pelvis radiographs, preferably with the patient
standing [60] with neutral pelvic tilt and leg
internal rotation of 15° and a true lateral view are
in most cases useful to determine the presence of
CAM and/or pincer morphology [61]. Other useful views include the axial cross table view, the
modified Dunn view, and the false-profile view
and may be preferred by some clinicians in addition to the AP pelvis view and are helpful in
identifying femoral head and acetabular abnormalities. CAM morphology is often defined as
an alpha angle >55° [28] which is a measure of
head–neck sphericity measured in the Dunn
view, although in earlier studies it has been

defined as >50°. Pincer morphology is often
defined as a lateral center edge angle >39° [28]
(Fig. 28.7).
However, clinicians should be cautious
when interpreting findings of CAM and/or
pincer morphology, as their prevalence has
been shown to be high in athletes regardless
of symptoms [63] and in athletes with adductor-related groin pain [7]. Standard radiographs are also useful to assess for other
potential causes of hip and groin pain, such as
hip dysplasia, femoral neck stress fractures,
or osteoarthritis [28] as well as osseous avulsions femoral neck growth plate injuries in
skeletally immature adolescent players when
suspected.
Hip dysplasia is defined as a lateral center edge
angle <20 while borderline hip dysplasia between
20° and 25°, and these conditions are of relevance
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Fig. 28.7 Alpha and lateral center edge angle. The alpha
angle is measured in the Dunn view as the angle between
(1) a line from the center of the femoral neck to the center
of the femoral head and (2) a line from the center of the
femoral head to the point where the femoral head–neck

junction extends beyond the margin of the circle [62]. The
center edge angle is measured as the angle between (1) a
vertical line through the femoral head center and (2) a line
between the femoral head center and the lateral edge of the
acetabulum [62]

as they may lead to labral and/or acetabular cartilage damage [64]. The acetabular index or Tonnis
angle is another measure of hip dysplasia and an
angle greater than10–14° on AP pelvis X-ray also
is diagnostic of hip dysplasia (Fig. 28.8).
Ultrasound is useful to confirm/exclude extra-
articular soft tissue pathologies in the groin area
such as adductor-related injuries/pathologies as
well as a means to accurately deliver diagnostic
injections. Its limitations stem from being a performer dependent modality.
Advanced imaging modalities may be required
for documentation of soft tissue pathology and
when indicated, for surgical planning. A 3.0 T
MRI is considered the preferred imaging modality for identifying acetabular labral tears and
chondral lesions in the hip [28]. However, when a
high-resolution MRI is not available, an MRI
with intra-articular contrast (MR arthrogram/
MRA) can aid in the detection of labral tears and
chondral defects or delamination. Cautious
should however be taken in the clinical interpretation of positive findings as acetabular labral
tears may be asymptomatic [32].

MRI can also be useful in assessing the symphysis pubis area for osteolytic changes and sclerosis, with pubic bone marrow edema on MRI
adjacent to the symphysis joint being diagnostic
and may indicate the level of reactivity of this
area.
An ultrasound or fluoroscopy guided intra-
articular diagnostic injection is an important aid
in the examination of athletes with potential
intra-articular hip injuries [28]. Pain relief following such an injection has been suggested to
support the diagnosis of FAIS [65].
While radiographs, ultrasound, and MRI have
all been used to assess abnormal hip pathology,
computed tomography (CT) remains the gold
standard in assessment of bony morphology and
pathology. CT is particularly useful in evaluating
acetabular dysplasia, complex FAI, malalignment
syndromes, traumatic hip instability, and subspine impingement. CT imaging also enables a
full rotational/version profile assessment, and the
use of 3D reconstructions on CT allows an accurate understanding of the CAM location, as well
as identifying a prominent AIIS.
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Fig. 28.8 Acetabular index and lateral center edge angle.
The acetabular index is formed by a horizontal line connecting both triradiate cartilages (Hilgenreiner line) and a
second line which extends along the acetabular roofs. The
lateral center edge angle is measured between the line from
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the center of the femoral head parallel to the longitudinal
axis and the line from the center of the femoral head to the
most lateral aspect of the acetabulum or the sourcil edge.
The Inter-Ischial line (or alternatively, the Inter Teardrop
line) is often used as a reference to avoid any pelvic tilt bias

conditions such as FAIS, labral tears, cartilage
injuries, capsular or synovial disorders, loose
Treatment of hip-related pain in athletes continues bodies, and extra-articular impingement. Labral
to evolve. Initial management of hip related pain is tears can be repaired and stabilized whenever
usually conservative and most patients, particu- applicable using suture anchors. If there is labral
larly recreational or low-demand athletes may fraying or a small tear, debridement is an option.
benefit from non-operative care. NSAIDs may be If an extensive debridement has been performed
beneficial in cases of muscle contusions, tendinitis as a result of extensive labral damage where repair
or inflammatory causes of hip pain. Local anes- is not feasible, labral reconstruction could be conthetic injections with or without steroids - bursal, sidered; however, there is lack of evidence on
intra-articular, or to the symphysis pubis - can be return to sport following this procedure. Focal
diagnostic for confirming the cause of hip pain as pincer morphology can be addressed with an acewell as therapeutic in certain instances. Many indi- tabuloplasty to remove the impinging bone or
viduals will benefit from physical therapy after alternatively, with debridement of the reciprocal
sustaining a hip injury [28]. Athletes with extra- head–neck junction to avoid impingement. If
articular pathology are more likely to respond than present, subspine impingement can also be
athletes with intra-articular abnormalities. Therapy debrided [48]. CAM deformities can be addressed
should focus on reduction of inflammation, man- with a re-shaping osteochondroplasty of the femaging pain, regaining dynamic stability, strength, oral head–neck junction. As capsulotomy is rouand normalizing joint movement.
tinely performed during hip arthroscopy to allow
If conservative management fails, surgery access and maneuverability, concerns may exist
should be considered. Recent evidence suggests with regard to de-stabilizing the hip. Recent literthat high-level athletes and patients with intra- ature has suggested that routine and complete
articular hip pathology seem to benefit more from capsular closure following capsulotomy is imporoperative management [66, 67]. Hip arthroscopy tant to restore the natural biomechanics to the hip
is most commonly performed for intra-articular and optimize outcomes [68–70]. Rehabilitation
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following hip surgery can be challenging but is
essential in obtaining a positive outcome. The
rehab process requires a delicate exercise progression to restore mobility, gait, strength, and neuromuscular control and return to normal activity
while preventing excessive anterior hip joint
forces that can lead to chronic anterior hip pain.
Post-op rehabilitation should focus on addressing
muscular and functional hip deficits. The athlete
should progress from isolated hip exercises targeting the deep hip stabilizers, into functional
activities. Developing hip muscle strength through
isolated hip strength exercises such as the
Copenhagen Adduction exercise [71], the sliding
hip exercise [72], and hip flexion with an elastic
band [73] should also be emphasized to increase
the load absorption capacity of the hip joint complex. During rehabilitation, the clinician should
pay attention to, and address, potential painful
competing structures, such as the iliopsoas muscle [74]. Many muscle strengthening exercises
and functional exercises can be performed on the
court and sport specific tasks which do not involve
the lower limb could be performed from very
early stages of rehab (i.e., shooting from a seated
position). The late phases of rehab should develop
toward sport-specific functional tasks with a gradual progression from tasks with no opposition
onto full contact. Return to play guidelines should
be based on factors such as leg symmetry on hip
muscle strength and one-leg jump performance,
as well as pain-free capacity to perform complex
sport-specific tasks. Clinicians should also be
aware that psychological factors such as self-efficacy, motivation and fear of re-injury may be
important for successful return to play and should
be addressed if indications of such potential barriers exist [75].
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28 NBA athletes. No differences in performance
were found after RTP [82]. Christian et al.
reported an 81% RTP rate in 24 NBA players following hip arthroscopy with a mean RTS time of
175 days [77]. They also found no difference in
games played or sport-specific performance
scores following return to NBA play after hip
arthroscopy. Jack and colleagues evaluated performance and return to sport across four professional sports following hip arthroscopy for FAI
[79]. While they reported similar RTP rates for
NBA players compared to other sports, they found
a decrease in playing time, career longevity, and
performance in NHL players following RTP. Ishoi
and associates evaluated RTP and sports performance in 189 athletes identified in a Danish Hip
Arthroscopy Registry [84]. When more specifically questioning return to sport and performance
level, their study found that only 57% of athletes
were able to return to their preinjury sport at preinjury level. Additionally, only 29.6% of athletes
reported optimal sports performance including
full sports participation. In general, these studies
showed a high RTP rate across various professional and amateur sports; however, there is limited data on RTS at pre-injury level [85]. It is
likely that in professional sports career longevity
and performance following RTP may vary across
sports and even playing positions.

Fact Box 4

Initial management of FAIS is conservative
and most patients, particularly recreational or
low demand athletes, may benefit from nonoperative care. However, evidence suggests
that high-level players with intra-articular hip
pathology seem to benefit more from operative management with good RTS rates.

28.4.8 Return to Sport
Return to play (RTP) following hip arthroscopy
has been previously evaluated [76–83]. Stubbs
and colleagues evaluated return to sport and performance outcomes after hip arthroscopy in four
pro-level sports, showing an 85.7% RTP rate at an
average of 243 days following hip arthroscopy in

28.5

 ip Osteoarthritis (OA)
H
in Basketball

While it has been shown that elite athletes are at
a higher risk of developing hip and knee OA and
undergoing arthroplasty surgery, there is limited
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data on OA prevalence in basketball [86]. It has
been shown that athletes involved in pivoting
sports such as basketball are at increased risk for
developing hip pathology which can lead to
FAIS, labral tears, and cartilage injury [29, 41].
High-intensity sport activity causing physeal
stress surrounding adolescence, such as the one
encountered in basketball, has also been suggested as a risk factor for the development of the
CAM morphology, with observations showing
higher FAIS incidence in athletes participating in
high-level sports [42, 43]. CAM-type impingement has been highlighted as a risk factor of hip
OA [87], and therefore, basketball players with
such features could be a population at risk for
development of hip OA. A recent survey study by
Ekhtiari et al. in 108 retired NBA players showed
more than one third (36.3%) of athletes reported
current hip and/or groin pain, with 17.6% of athle
received injections for hip or groin conditions
since retiring from the NBA. Since retiring,
14.7% of the study respondents had undergone
total hip arthroplasty. They concluded that retired
NBA athletes are at high risk of hip and groin
pain after retirement and are more likely to
require total hip arthroplasty compared with the
general population [88].

28.6

Summary

The hip and groin of basketball players are subjected to high biomechanical loads leading
mainly to soft tissue injuries about the hip and
pelvis as well as intra-articular injuries which
represent a significant burden of injury. The
majority of injuries around the hip are soft tissue
strains and contusions and are managed primarily
with conservative treatment with dedicated rehabilitation protocols and activity modification. For
recalcitrant pain and in selected conditions, surgical treatment should be considered. The actual
prevalence of intra-articular hip disorders in basketball may have been underestimated over the
years. The prevalence of FAIS in basketball has
grown with the evolution in understanding and
diagnosis of the condition in recent years.

Initial management of FAIS is conservative;
however, evidence suggests that high-level players with intra-articular hip pathology seem to
benefit more from operative management with
good RTS rates.

References
1. Borowski LA, Yard EE, Fields SK, Comstock RD. The
epidemiology of US high school basketball injuries,
2005–2007. Am J Sports Med. 2008;36(12):2328–35.
2. Drakos MC, Domb B, Starkey C, Callahan L, Allen
AA. Injury in the National Basketball Association: a
17-year overview. Sports Health. 2010;2:284–90.
3. Jackson TJ, Starkey C, McElhiney D, Domb
BG. Epidemiology of hip injuries in the National
Basketball Association: a 24-year overview. Orthop J
Sports Med. 2013;1(3):2325967113499130.
4. Kerbel YE, Smith CM, Prodromo JP, Nzeogu MI,
Mulcahey MK. Epidemiology of hip and groin injuries in collegiate athletes in the United States. Orthop
J Sports Med. 2018;6(5):2325967118771676.
5. Newman JS, Newberg AH. Basketball injuries. Radiol
Clin N Am. 2010;48:1095–111.
6. Serner A, Tol JL, Jomaah N, Weir A, Whiteley R,
Thorborg K, Robinson M, Holmich P. Diagnosis of
acute groin injuries: a prospective study of 110 athletes. Am J Sports Med. 2015;43:1857–64.
7. Weir A, De Vos RJ, Moen M, Holmich P, Tol
JL. Prevalence of radiological signs of femoroacetabular impingement in patients presenting with
long-standing adductor-related groin pain. Br J Sports
Med. 2011;45:6–9.
8. Whittaker JL, Small C, Maffey L, Emery CA. Risk
factors for groin injury in sport: an updated systematic
review. Br J Sports Med. 2015;49:803–9.
9. Mosler AB, Agricola R, Weir A, Holmich P, Crossley
KM. Which factors differentiate athletes with hip/
groin pain from those without? A systematic review
with meta-analysis. Br J Sports Med. 2015;49:810.
10. Soligard T, Schwellnus M, Alonso JM, Bahr R,
Clarsen B, Dijkstra HP, Gabbett T, Gleeson M,
Hägglund M, Hutchinson MR, Janse van Rensburg
C, Khan KM, Meeusen R, Orchard JW, Pluim BM,
Raftery M, Budgett R, Engebretsen L. How much is
too much? (Part 1) International Olympic Committee
consensus statement on load in sport and risk of
injury. Br J Sports Med. 2016;50(17):1030–41.
11. Holmich P. Long-standing groin pain in sportspeople
falls into three primary patterns, a "clinical entity"
approach: a prospective study of 207 patients. Br J
Sports Med. 2007;41:247–52; discussion 252.
12. Tyler TF, Silvers HJ, Gerhardt MB, Nicholas
SJ. Groin injuries in sports medicine. Sports Health.
2010;2(3):231–6.

28

Hip and Groin Injuries in Basketball

13. Tyler TF, Nicholas SJ, Campbell RJ, McHugh
MP. The association of hip strength and flexibility with the incidence of adductor muscle strains in
professional ice hockey players. Am J Sports Med.
2001;29(2):124–8.
14. Mei-Dan O, Lopez V, Carmont MR, McConkey MO,
Steinbacher G, Alvarez PD, Cugat RB. Adductor
tenotomy as a treatment for groin pain in professional
soccer players. Orthopedics. 2013;36(9):e1189–97.
15. Schilders E, Dimitrakopoulou A, Cooke M, Bismil
Q, Cooke C. Effectiveness of a selective partial
adductor release for chronic adductor-related groin
pain in professional athletes. Am J Sports Med.
2013;41(3):603–7.
16. Bharam S, Feghhi DP, Porter DA, Bhagat
PV. Proximal avulsion injuries: outcomes of surgical reattachment in athletes. Orthop J Sports Med.
2018;6(7):2325967118784898.
17. Eckard TG, Padua DA, Dompier TP, Dalton SL,
Thorborg K, Kerr ZY. Am J Sports Med. 2017;
45(12):2713–22. Epub 2017 Jul 26.
18. Werner J, Hagglund M, Walden M, Ekstrand J. UEFA
injury study: a prospective study of hip and groin injuries in professional football over seven consecutive
seasons. Br J Sports Med. 2009;43:1036–40.
19. Blankenbaker DG, De Smet AA, Keene
JS. Sonography of the iliopsoas tendon and injection of the iliopsoas bursa for diagnosis and management of the painful snapping hip. Skelet Radiol.
2006;35(8):565–71.
20. Wettstein M, Jung J, Dienst M. Arthroscopic psoas
tenotomy. Arthroscopy. 2006;22(8):907.e1-4
21. Orchard JW, Seward H, Orchard JJ. Results of 2
decades of injury surveillance and public release of
data in the Australian Football League. Am J Sports
Med. 2013;41:734–41.
22. Joesting DR. Diagnosis and treatment of sportsman’s
hernia. Curr Sports Med Rep. 2002;1(2):121–4.
23. Larson CM. Sports hernia/athletic pubalgia: evaluation
and management. Sports Health. 2014;6(2):139–44.
24. Meyers WC, Foley DP, Garrett WE, Lohnes JH,
Mandlebaum BR. Management of severe lower
abdominal or inguinal pain in high-performance athletes. PAIN (Performing Athletes with Abdominal or
Inguinal Neuromuscular Pain Study Group). Am J
Sports Med. 2000;28(1):2–8.
25. Zoga AC, Kavanagh EC, Omar IM, Morrison WB,
Koulouris G, Lopez H, et al. Athletic pubalgia and
the "sports hernia": MR imaging findings. Radiology.
2008;247(3):797–807.
26. Irshad K, Feldman LS, Lavoie C, Lacroix VJ, Mulder
DS, Brown RA. Operative management of "hockey
groin syndrome": 12 years of experience in National
Hockey League players. Surgery. 2001;130(4):759–
64; discussion 64–6.
27. Beighton P, Horan F. Orthopaedic aspects of the
Ehlers-Danlos syndrome. J Bone Joint Surg Br.
1969;51:444–53.
28. Griffin DR, Dickenson EJ, O’Donnell J, Agricola R,
Awan T, Beck M, Clohisy JC, Dijkstra HP, Falvey

329

29.

30.
31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

E, Gimpel M, Hinman RS, Holmich P, Kassarjian
A, Martin HD, Martin R, Mather RC, Philippon MJ,
Reiman MP, Takla A, Thorborg K, Walker S, Weir A,
Bennell KL. The Warwick Agreement on femoroacetabular impingement syndrome (FAI syndrome): an
international consensus statement. Br J Sports Med.
2016;50:1169–76.
Siebenrock KA, Ferner F, Noble PC, Santore RF,
Werlen S, Mamisch TC. The cam-type deformity of
the proximal femur arises in childhood in response
to vigorous sporting activity. Clin Orthop Relat Res.
2011;469(11):3229–40.
Ganz R, Parvizi J, Beck M, et al. Femoroacetabular
impingement: a cause for osteoarthritis of the hip.
Clin Orthop Relat Res. 2003;417:112–20.
Dickenson E, Wall PD, Robinson B, et al. Prevalence
of cam hip shape morphology: a systematic review.
Osteoarthr Cartil. 2016;24:949–61.
Frank JM, Harris JD, Erickson BJ, et al. Prevalence
of femoroacetabular impingement imaging findings
in asymptomatic volunteers: a systematic review.
Arthroscopy. 2015;31:1199–204.
Leunig M, Nho SJ, Turchetto L, Ganz R. Protrusion
acetabuli: new insights and experience with joint
preservation. Clin Orthop Relat Res. 2009;467(9):
2241–50.
Blankenbaker DG, Tuite MJ, Keene JS, del Rio
AM. Labral injuries due to iliopsoas impingement:
can they be diagnosed on MR arthrography? AJR Am
J Roentgenol. 2012;199(4):894–900.
Cascio BM, King D, Yen YM. Psoas impingement causing labrum tear: a series from three tertiary hip arthroscopy centers. J La State Med Soc.
2013;165(2):88–93.
Domb BG, Shindle MK, McArthur B, Voos JE,
Magennis EM, Kelly BT. Iliopsoas impingement: a
newly identified cause of labral pathology in the hip.
HSS J. 2011;7(2):145–50.
Gosvig KK, Jacobsen S, Sonne-Holm S, Palm H,
Troelsen A. Prevalence of malformations of the hip
joint and their relationship to sex, groin pain, and risk
of osteoarthritis: a population-based survey. J Bone
Joint Surg Am. 2010;92(5):1162–9.
Ganz R, Horowitz K, Leunig M. Algorithm for
femoral and periacetabular osteotomies in complex hip deformities. Clin Orthop Relat Res.
2010;468(12):3168–80.
Mavcic B, Iglic A, Kralj-Iglic V, Brand RA, Vengust
R. Cumulative hip contact stress predicts osteoarthritis in DDH. Clin Orthop Relat Res. 2008;466(4):
884–91.
Russell ME, Shivanna KH, Grosland NM, Pedersen
DR. Cartilage contact pressure elevations in dysplastic hips: a chronic overload model. J Orthop Surg Res.
2006;1:6.
Zadpoor AA. Etiology of Femoroacetabular impingement in athletes: a review of recent findings. Sports
Med. 2015;45(8):1097–106.
Agricola R, Heijboer MP, Ginai AZ, Roels P, Zadpoor
AA, Verhaar JA, Weinans H, Waarsing JH. A cam

L. Laver et al.

330

43.

44.

45.
46.

47.

48.

49.
50.
51.

52.
53.

54.

55.

56.

deformity is gradually acquired during skeletal maturation in adolescent and young male soccer players:
a prospective study with minimum 2-year follow-up.
Am J Sports Med. 2014;42:798–806.
Nepple JJ, Vigdorchik JM, Clohisy JC. What is the
association between sports participation and the
development of proximal femoral cam deformity? A
systematic review and meta-analysis. Am J Sports
Med. 2015;43:2833–40.
Hetsroni I, Poultsides L, Bedi A, Larson CM, Kelly
BT. Anterior inferior iliac spine morphology correlates with hip range of motion: a classification
system and dynamic model. Clin Orthop Relat Res.
2013;471(8):2497–503.
Mader TJ. Avulsion of the rectus femoris tendon: an
unusual type of pelvic fracture. Pediatr Emerg Care.
1991;7(2):126.
Rajasekhar C, Kumar KS, Bhamra MS. Avulsion
fractures of the anterior inferior iliac spine: the case
for surgical intervention. Int Orthop. 2001;24(6):
364–5.
Rossi F, Dragoni S. Acute avulsion fractures of the
pelvis in adolescent competitive athletes: prevalence,
location and sports distribution of 203 cases collected.
Skelet Radiol. 2001;30(3):127–31.
Larson CM, Kelly BT, Stone RM. Making a case for
anterior inferior iliac spine/subspine hip impingement: three representative case reports and proposed
concept. Arthroscopy. 2011;27(12):1732–7.
Lee S, Kim I, Lee SM, Lee J. Ischiofemoral impingement syndrome. Ann Rehabil Med. 2013;37(1):143–6.
Taneja AK, Bredella MA, Torriani M. Ischiofemoral
impingement. Magn Reson Imaging Clin N Am.
2013;21(1):65–73.
Narvani AA, Tsiridis E, Kendall S, Chaudhuri R,
Thomas P. A preliminary report on prevalence
of acetabular labrum tears in sports patients with
groin pain. Knee Surg Sports Traumatol Arthrosc.
2003;11:403–8.
Nho SJ, Leunig M, Larson CM, Bedi A, Kelly B. Hip
arthroscopy and hip joint preservation surgery.
New York: Springer; 2015.
Holmich P, Holmich LR, Bjerg AM. Clinical examination of athletes with groin pain: an intraobserver
and interobserver reliability study. Br J Sports Med.
2004;38:446–51.
Freke MD, Kemp J, Svege I, Risberg MA, Semciw A,
Crossley KM. Physical impairments in symptomatic
femoroacetabular impingement: a systematic review
of the evidence. Br J Sports Med. 2016;50:1180.
Delahunt E, Kennelly C, McEntee BL, Coughlan GF,
Green BS. The thigh adductor squeeze test: 45 of hip
flexion as the optimal test position for eliciting adductor muscle activity and maximum pressure values.
Manual Therapy. 2011;16:476–80.
Reiman MP, Goode AP, Cook CE, Holmich P,
Thorborg K. Diagnostic accuracy of clinical tests for
the diagnosis of hip femoroacetabular impingement/
labral tear: a systematic review with meta-analysis. Br
J Sports Med. 2015;49:811.

57. Reiman MP, Thorborg K, Covington K, Cook CE,
Hölmich P. Important clinical descriptors to include
in the examination and assessment of patients with
femoroacetabular impingement syndrome: an international and multi-disciplinary Delphi survey. Knee
Surg Sports Traumatol Arthrosc. 2017;25(6):1975–86.
58. Troelsen A, Mechlenburg I, Gelineck J, Bolvig L,
Jacobsen S, Søballe K. What is the role of clinical
tests and ultrasound in acetabular labral tear diagnostics? Acta Orthop. 2009;80(3):314–8.
59. Ayeni O, Chu R, Hetaimish B, et al. A painful squat
test provides limited diagnostic utility in CAM-type
femoroacetabular impingement. Knee Surg Sports
Traumatol Arthrosc. 2014;22(4):806–11. https://doi.
org/:10.1007/s00167-013-2668-8.
60. Jackson TJ, Estess AA, Adamson GJ. Supine and
standing AP pelvis radiographs in the evaluation of
pincer femoroacetabular impingement. Clin Orthop
Relat Res. 2016;474(7):1692–6.
61. Reiman MP, Thorborg K, Goode AP, Cook CE, Weir
A, Hölmich P. Diagnostic Accuracy of Imaging
Modalities and Injection Techniques for the Diagnosis
of Femoroacetabular Impingement/Labral Tear: A
Systematic Review With Meta-analysis. Am J Sports
Med. 2017;45(11):2665–77.
62. Nepple JJ, Prather H, Trousdale RT, Clohisy JC, Beaule
PE, Glyn-Jones S, Rakhra K, Kim YJ. Diagnostic
imaging of femoroacetabular impingement. J Am
Acad Orthop Surg. 2013;21(Suppl 1):S20–6.
63. Mascarenhas VV, Rego P, Dantas P, Morais F,
McWilliams J, Collado D, Marques H, Gaspar A,
Soldado F, Consciencia JG. Imaging prevalence
of femoroacetabular impingement in symptomatic
patients, athletes, and asymptomatic individuals: a
systematic review. Eur J Radiol. 2016;85:73–95.
64. Mccarthy JC, Lee JA. Acetabular dysplasia: a paradigm of arthroscopic examination of chondral injuries. Clin Orthop Relat Res. 2002:122–8.
65. Khan W, Khan M, Alradwan H, Williams R,
Simunovic N, Ayeni OR. Utility of intra-
articular
hip injections for femoroacetabular impingement: a systematic review. Orthop J Sports Med.
2015;3:2325967115601030.
66. Begly JP, Buckley PS, Utsunomiya H, Briggs KK,
Philippon MJ. Femoroacetabular impingement in
professional basketball players: return to play, career
length, and performance after hip arthroscopy. Am J
Sports Med. 2018;46(13):3090–6.
67. Griffin DR, Dickenson EJ, Wall PDH, Achana F,
Donovan JL, Griffin J, Hobson R, Hutchinson CE,
Jepson M, Parsons NR, Petrou S, Realpe A, Smith
J, Foster NE, FASHIoN Study Group. Hip arthroscopy versus best conservative care for the treatment
of femoroacetabular impingement syndrome (UK
FASHIoN): a multicentre randomised controlled trial.
Lancet. 2018;391(10136):2225–35.
68. Dippmann C, Kraemer O, Lund B, et al. Multicentre
study on capsular closure versus non-capsular closure during hip arthroscopy in Danish patients
with femoroacetabular impingement (FAI): proto-

28

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Hip and Groin Injuries in Basketball
col for a randomised controlled trial. BMJ Open.
2018;8(2):e019176.
Frank RM, Lee S, Bush-Joseph CA, Kelly BT,
Salata MJ, Nho SJ. Improved outcomes after
hip arthroscopic surgery in patients undergoing
T-capsulotomy with complete repair versus partial
repair for femoroacetabular impingement: a comparative matched-pair analysis. Am J Sports Med.
2014;42(11):2634–42.
Riff AJ, Kunze KN, Movassaghi K, et al. Systematic
review of hip arthroscopy for femoroacetabular
impingement: the importance of Labral repair and
capsular closure. Arthroscopy. 2019;35(2):646–56,
e643.
Ishoi L, Sorensen CN, Kaae NM, Jorgensen LB,
Holmich P, Serner A. Large eccentric strength
increase using the Copenhagen Adduction exercise in
football: a randomized controlled trial. Scand J Med
Sci Sports. 2016;26:1334–42.
Kohavi B, Beato M, Laver L, Freitas TT, Chung
LH, Dello Iacono A. Effectiveness of Field-Based
Resistance Training Protocols on Hip Muscle Strength
Among Young Elite Football Players [published
online ahead of print, 2018 Oct 29]. Clin J Sport Med.
2018;10.1097/JSM.0000000000000649.
Thorborg K, Bandholm T, Zebis M, Andersen LL,
Jensen J, Holmich P. Large strengthening effect of
a hip-flexor training programme: a randomized controlled trial. Knee Surg Sports Traumatol Arthrosc.
2016;24:2346–52.
Sansone M, Ahlden M, Jonasson P, Thomee R, Falk
A, Sward L, Karlsson J. Can hip impingement be
mistaken for tendon pain in the groin? A long-term
follow-up of tenotomy for groin pain in athletes. Knee
Surg Sports Traumatol Arthrosc. 2014;22:786–92.
Tjong VK, Cogan CJ, Riederman BD, Terry MA. A
qualitative assessment of return to sport after hip
arthroscopy for femoroacetabular impingement.
Orthop J Sports Med. 2016;4:2325967116671940.
Casartelli NC, Leunig M, Maffiuletti NA, Bizzini
M. Return to sport after hip surgery for femoroacetabular impingement: a systematic review. Br J Sports
Med. 2015;49(12):819–24.
Christian RA, Lubbe RJ, Chun DS, Selley RS, Terry
MA, Hsu WK. Prognosis following hip arthroscopy varies in professional athletes based on sport.
Arthroscopy. 2019;35(3):837–42, e831.
Ishoi L, Thorborg K, Kraemer O, Holmich P. Return
to sport and performance after hip arthroscopy for
femoroacetabular impingement in 18- to 30-year-old
athletes: a cross-sectional cohort study of 189 athletes. Am J Sports Med. 2018;46(11):2578–87.

331
79. Jack RA 2nd, Sochacki KR, Hirase T, Vickery JW,
Harris JD. Performance and return to sport after
hip arthroscopy for femoroacetabular impingement in professional athletes differs between sports.
Arthroscopy. 2019;35(5):1422–8.
80. Locks R, Utsunomiya H, Briggs KK, McNamara
S, Chahla J, Philippon MJ. Return to play after hip
arthroscopic surgery for femoroacetabular impingement in professional soccer players. Am J Sports
Med. 2018;46(2):273–9.
81. Mohan R, Johnson NR, Hevesi M, Gibbs CM, Levy
BA, Krych AJ. Return to sport and clinical outcomes
after hip arthroscopic labral repair in young amateur
athletes: minimum 2-year follow-up. Arthroscopy.
2017;33(9):1679–84.
82. Schallmo MS, Fitzpatrick TH, Yancey HB, Marquez-
Lara A, Luo TD, Stubbs AJ. Return-to-play and performance outcomes of professional athletes in North
America after hip arthroscopy from 1999 to 2016. Am
J Sports Med. 2018;46(8):1959–69.
83. Weber AE, Kuhns BD, Cvetanovich GL, Grzybowski
JS, Salata MJ, Nho SJ. Amateur and recreational
athletes return to sport at a high rate following hip
arthroscopy for femoroacetabular impingement.
Arthroscopy. 2017;33(4):748–55.
84. Ishøi L, Thorborg K, Kraemer O, Hölmich P. Return
to Sport and Performance After Hip Arthroscopy for
Femoroacetabular Impingement in 18- to 30-YearOld Athletes: A Cross-sectional Cohort Study of 189
Athletes. Am J Sports Med. 2018;46(11):2578–87.
85. Reiman MP, Peters S, Sylvain J, Hagymasi S, Mather
RC, Goode AP. Femoroacetabular impingement surgery allows 74% of athletes to return to the same
competitive level of sports participation but their
level of performance remains unreported: a systematic review with meta-analysis. Br J Sports Med.
2018;52(15):972–81.
86. Tveit M, Rosengren BE, Nilsson JÅ, Karlsson
MK. Former male elite athletes have a higher
prevalence of osteoarthritis and arthroplasty in the
hip and knee than expected. Am J Sports Med.
2012;40:527–33.
87. Agricola R, Waarsing JH, Arden NK, Carr AJ,
Bierma-Zeinstra SM, Thomas GE, Weinans H, GlynJones S. Cam impingement of the hip: a risk factor for
hip osteoarthritis. Nat Rev Rheumatol. 2013;9(10):
630–4.
88. Ekhtiari S, Khan M, Burrus T, Madden K, Gagnier J,
Rogowski JP, Maerz T, Bedi A. Hip and groin injuries
in professional basketball players: impact on playing career and quality of life after retirement. Sports
Health. 2019;11(3):218–22.

Knee Injuries in Basketball

29

Henrique Jones, Gian Luigi Canata, Yaniv Yonai,
Christoph Lukas, and Kai Fehske

29.1

Introduction

In 2006, The International Basketball Federation,
more commonly known by the French acronym
FIBA (Fédération Internationale de Basketball),
estimated that 11% of the world’s population
plays basketball. These numbers have grown substantially since, and new developments in the
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game such as 3 on 3 basketball, even being introduced as an Olympic sport, have contributed to
its ever-growing popularity.
While the literature has been fairly limited
regarding the injury rates of basketball players in
Europe, there is abundance of literature on injury
rates from US basketball. When comparing injury
data between the USA and European players, one
has to be aware of the differences between the
game played in the USA and the one played in
Europe. This is partly due to the different rules
maintained by the NBA (National Basketball
Association), the NCAA (National Collegiate
Athletic Association), and FIBA (Fédération
Internationale de Basketball) (e.g., an NBA game
is 48-minute long, while the FIBA rules game is
40 minute long) [1]. However, it is clear from the
various epidemiologic studies that injuries of the
lower extremities are frequent in basketball players. Most epidemiological studies have shown
that the majority of acute injuries in basketball
are located in the lower extremities, regardless of
age, gender, and level of play. A recent study
investigating 273 male players of Division I and
II basketball teams in Ghana reported the knee to
be the most commonly injured anatomic site [2].
Basketball was traditionally considered a non-
contact sport but has evolved into an increasingly
physical game in which contact is accepted and
common [1, 3]. Coaches commonly teach their
players to use contact, and players routinely use
their bodies to their advantage, including when
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fighting for position, intentionally drawing
contact for fouls, and using forearms and elbows
to ward off defenders. This evolution has definitely contributed to the number of injuries
observed, for example, in the NBA [4].
Physical contact has been shown to be responsible for 52.3% of the game-related injuries in
male and 46.0% of injuries in female collegiate
players [3]. The most common lower-limb injuries in basketball occur at the ankle and knee.
Data collected over 17 seasons in the NBA has
shown the knee to be the most common site for
injuries (19.1%), although data was collected separately for knee and patellar injuries [4]. Injuries
to the patella represented 10.1% of injuries while
knee injuries represented 9.0% of all injuries.
Knee injuries also resulted in the most games
missed [4]. In collegiate basketball, ankle and
knee were the most affected with an injury rate of
28.8% and 12.0%, respectively [5]. A recent systematic review of epidemiologic studies in basketball showed knee injuries to be the second
most common site of injuries (17.8% of all injuries) after the ankle (21.9%) [6]. A report from a
European league over a single season has shown
knee overuse injuries to be the most common
(23.01%) followed by ankle sprains (15.0%) [1].

29.2

 ype and Incidence of Knee
T
Injuries in Basketball

The types of injuries experienced by basketball
players reflect the physical demands of the
game [4].
In general, sprains (injuries to ligaments) are
the most common type of acute injury. Two common serious knee injuries of high importance in
basketball are Jumper’s knee and anterior cruciate ligament (ACL) injury, due to the significant
associated injury burden and time loss from
sports.
Jumper’s knee, or patellar tendinopathy, particularly affects the proximal end of the patellar
tendon in basketball players (around 20% of cases
involve the distal insertion of the quadriceps tendon) and accounts for approximately 70% of
patellar tendon injuries [1]. Due to its insidious

nature, patellar tendon disorders may be the “silent
endemic” among professional basketball players.
All players are vulnerable, and particularly those
who are ‘aerial’ players by nature, and depend on
frequent and repetitive jumping for their game
style [1]. This condition is the leading cause of
players missing practices and games, often in multiple, small increments rather than the season-ending magnitude that are common in other, severe
and acute injuries [7]. In a survey, independent of
the applied treatment strategy, one third of the athletes presenting with patellar tendinopathy were
unable to complete a full practice for >6 months
[1]. Overuse of the patellar tendon can lead to
pain, tenderness, and functional deficit. Patellar
tendinopathy, as a typical overuse injury, is related
to the intensity of training, jumping performance,
and ankle and knee joint dynamics [1].
ACL injury is one of the most severe knee injuries in the sport as it is often season-ending or, at
times, even career-ending. Female basketball
players have 3–7.8 times increased risk to sustain
an ACL injury in comparison to their male counterparts when competing at the same level of
competition.
ACL injuries have been reported as non-
contact in etiology in 65.2% of male and 80.1%
of female college players. Although the majority of ACL injuries arise from a non-contact
mechanism, video analysis of 39 ACL injuries
identified that one-half of the ACL injuries in
women involved the player being pushed or
involved in a collision just preceding the time of
injury. Authors reported that 71.8% of ACL
tears occurred while the injured player was in
possession of the ball, and over half (56.4%)
occurred while on offense. For female players,
59.1% of ACL injuries occurred during singleleg landings, compared to 35.3% in male players [3, 4, 7].

29.3

I njury Severity of Knee
Injuries in Basketball

A key factor for every injury in sports is assessing
the duration of time away from sports as well as
the chances for return to pre-injury level.

29

Knee Injuries in Basketball

The number of days the athlete will miss define
the severity of the injury. Injuries are usually classified as minor (1–7 days), moderate (8–28 days),
severe (>28 days), and career-ending injuries [3, 4].
In general, knee injuries are often more severe
in nature and therefore are responsible for a significant time loss from play. In the injury statistics
in professional German Basketball (top 2 German
leagues), the knee is second only to ankle injuries
in terms of injury frequency. However, considering the resulting treatment costs, the knee joint is
clearly the leader [8]. In the NBA, the knee is only
in fourth place in terms of the frequency of injuries, but it is clear number one in terms of missed
games [4]. In collegiate basketball players, knee
injuries have been reported to cause 18.3 missed
days on average [1, 4].

29.4

 ignificant and Common
S
Knee Injuries in Basketball

29.4.1 F
 ractures Around the Knee
in Basketball
Fractures are not very common in basketball,
especially ones which involve the knee. The most
common site for fractures around the knee is the
patella [9], including osteochondral fractures following patellar dislocations. In addition, the
epiphyses of the distal femur and proximal tibia
are often involved either in isolation or in association with other intra-articular injuries
(Fig. 29.1). Many fractures around the knee are
a
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caused by high-energy trauma, such as falls from
significant heights, jumps, or direct collisions
with other players. In adolescent players, fractures involving the tibial tuberosity are typical to
this population, although rare [10].

29.4.2 Patellar Dislocations
in Basketball
Patellar dislocation is part of the patellar instability
spectrum, which is defined as an abnormal movement of the patella in the patellofemoral groove. It
is characterized by subluxation or true dislocation
of the patella, predominantly in the lateral direction. Patients with recurrent patellar instability episodes commonly have specific risk factors. Acute
patella dislocation represents 2–3% of all knee
injuries [11] and the literature reports recurrence
rates of 15–60% [12]. Data from a prospective epidemiologic database collected from emergency
departments has shown nearly half (51.9%) of all
patellar dislocations occurred during athletic activity, with the highest rates associated with basketball
(18.2%), followed by football (6.9%) and American
football (6.3%) [13]. Patellofemoral injury was
shown to account for 10.1% of all injuries in NBA
players [4]. Reports from collegiate sports have
shown that patellar dislocation (38.6%) and subluxation (19.8%) represented the highest proportion of injuries that resulted in 14 days or more of
time loss from sports and were also two of the most
likely injuries to require surgical repair [10]. These
findings are similar to the ones reported by Mitchell
b

Fig. 29.1 Lateral tibial plateau fracture (Schatzker type III) before reduction (a) and after reduction (b)
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et al. [14] in which 20% of high school athletes
with patellar dislocation and 14% with a patellar
subluxation required more than 3 weeks to return
to play. In addition, 37% of dislocation patients and
11% of subluxation patients missed the rest of the
season [14].
The injury mechanism is usually an indirect
mechanism combining rotation, quadriceps contraction, and valgus. The patella often reduces
spontaneously with the extension of the knee.
Such trauma is usually followed by swelling
and pain. A direct injury mechanism can also
exist from trauma to the medial part of the knee.
Patella dislocations are more common in adolescent and young adult players, with the peak incidence of patellar dislocation being between 15
and 19 years of age [13]. Females seem to have a
higher risk for patella dislocation.
Various risk factors have been described for
patellar instability, and they are extensively discussed in separate designated chapters in this
book. They are roughly categorized into osseous/
morphologic factors and soft tissue factors. Valgus
knee alignment increases the lateral force vector
on the patella. Increased femoral anteversion
combined with external tibial torsion will also
increase this laterally directed force. The patella is
a sesamoid bone which is stabilized medially and
laterally by the two surfaces of the femoral trochlea. The lateral trochlea ridge is larger, more proximal, and more anterior than the medial trochlea
and thus prevents lateral patellar excursion.
Morphological variations such as trochlear dysplasia, meaning a shallow, flattened, or even a convex trochlear groove and lateral femoral condyle
hypoplasia decrease the control of the lateral displacement of the patella. Patella alta is another risk
factor as this condition leads to a late engagement
of the patella in the trochlea during knee flexion.
An excessive lateral position of the tibial tuberosity with its patellar tendon attachment is another
risk factor and will contribute to lateral displacement of the patella.
Soft tissue risk factors also exist. The medial
patellofemoral ligament (MPFL) is a retinacular
band located between the superomedial aspect of
the patella and the medial femoral epicondyle. It
is the primary restraint to lateral patellar dis-
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placement, especially during the first degrees of
flexion. It is frequently disrupted during a first
lateral patellar dislocation. A slack MPFL is
therefore a risk factor for recurrent patellar dislocation. Vastus medialis oblique (VMO) is an
important dynamic medial patella stabilizer, and
weakening of this muscle can predispose to lateral patellar dislocation. It should therefore be
one of the main targets for strengthening during
physiotherapy for lateral patellar instability [15].
Clinical examination following acute patellar
dislocation can be difficult. Knee ROM is usually
limited due to pain and effusion which can be significant. Aspiration of the hemarthrosis may sometimes be warranted to facilitate the physical
examination. The area around the MPFL and the
medial patella are usually painful during palpation.
In cases of chronic instability, patients must be
assessed in a standing position and observed for
morphological abnormalities including genu valgum/increased Q angle, hindfoot valgus, foot pronation, and malposition of the patella or “squinting
patella”. Gait and rotation of the hip joint should
also be assessed. Several clinical tests may aid in the
diagnosis of patellar instability. In the apprehension
test, a feeling of apprehension is often noted in
patellar instability when the patella is pushed laterally by the examiner. A positive J-sign represents a
sudden lateral patellar shift as it goes over the proximal edge of lateral trochlea ridge when the patient is
asked to actively extend the knee from 90°. The
patella glide test is performed with the knee in full
extension and relaxed quadriceps. The patella is
translated in the mediolateral plane by the examiner.
Patellar displacement is quantified by quadrants and
compared to the opposite knee to evaluate the significance of passive lateral patellar displacement.
Radiographs, including standing AP, lateral
views at 30° of knee flexion, as well as a sunrise
view, are useful in detecting patellar subluxation,
osteochondral fractures, or dysplasia. The lateral
view allows evaluation of patellar height and
identifies trochlear dysplasia. A “crossing sign”
has been shown to be present in 96% of patients
with history of true patellar dislocation [16].
Dejour’s classification of trochlear dysplasia is
based on features from the lateral and axial radiographs [16] (Fig. 29.2). MRI is useful to assess
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c

d

Fig. 29.2 The Dejour trochlear dysplasia classification:
Type a: Crossing sign, shallow trochlea >145°. Type b:
Crossing sign, supratrochlear spur, flat, or convex trochlea. Type c: Crossing sign, double contour (projection of
medial hypoplastic facet). Type d: Crossing sign, supra-

trochlear spur, double contour, cliff sign (From: Landreau
P, Laver L, Seil R (2018) Knee injuries in handball. In:
Laver L, Landreau P, Seil R, Popovic N (Hrsg) Handball
Sports Medicine. Springer, Berlin, Heidelberg, S
261–278)

the soft tissues, including the MPFL, and cartilage surfaces. Following an acute patellar dislocation, MRI usually shows bone marrow edema
on the lateral femoral condyle and medial patella
border [17]. Computed tomography (CT scan)
allows for bony morphology assessment, especially trochlear dysplasia and patellar shape. It
may also be used to quantify the extent of
lateralization of the tibial tuberosity, defined by
the TT-TG (tibial tuberosity—trochlear groove)
distance [16]. A TT-TG distance greater than
20 mm is frequently associated with patella instability and is taken into consideration when considering tibial tuberosity osteotomy as a surgical
solution.
Management of patellar dislocation and patellar instability in basketball players is extensively
discussed in a separate chapter. The majority of
first-time patellar dislocations in basketball are
managed conservatively, except in situations

where an osteochondral fracture or a major chondral injury exists, requiring acute fixation, or in
the scenario of a persistent patellar dislocation.
Operative management is considered in subsequent recurrent dislocations and in cases of failure to improve with nonoperative management,
especially in the presence of one or more predisposing factors for patellar instability. For those
athletes who have recurrent lateral patella dislocations despite being compliant with an appropriate rehabilitation program, MPFL reconstruction
is a surgical option increasing in popularity, in
the absence of significant anatomic-morphologic
abnormalities [18] (Fig. 29.3).
The management algorithm of patellar instability in basketball players should therefore be
based on the risk factors, history of patellar instability, and level of play [19]. Return to basketball
following operative treatment depends on several
factors including the severity of risk factors and
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a

b

Fig. 29.3 (a) Two anchors in the patella securing the MPFL graft during reconstruction and (b) interferential screw
placement to secure the MPFL graft to the femur

type of surgical treatment. RTS is rarely achieved
before 6 months following surgery. Although the
percentage of patients able to return to sport has
been reported to be higher than 90% in some
series, return to pre-injury level of sport has been
shown to vary widely and is generally considered
much lower in athletes (32–82%) [19].
It is important to note that patellar dislocations
may occur due to a pre-existing morphologic
abnormality in the knee and can also often be
caused by high-energy trauma, such as falls and
contact injuries.

with subtle clinical findings. A peripheral neurovascular examination should always be performed
when assessing a patient with a knee injury. It is
important to always remember that a normal neurovascular examination in the setting of a knee
dislocation does not always rule out a vascular
injury and maybe due to collateral circulation
masking a popliteal artery injury. Therefore, serial
examinations are mandatory. A true or suspected
knee dislocation is an orthopedic emergency, and
as such, the patient should be transferred to an
emergency department immediately.

29.4.3 Knee Dislocations
in Basketball

29.4.4 L
 igamentous Knee Injuries
in Basketball

Knee dislocations are rare but may occur in basketball. Approximately 50% of knee dislocations
reduce spontaneously. Due to the high risk of neurovascular compromise, the team physician
should be alert and suspect such an injury, even

29.4.4.1 A
 nterior Cruciate Ligament
(ACL) Injuries in Basketball
An ACL injury is one of the most severe injuries
in sports and is more prevalent in cutting and piv-
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oting sports such as basketball, accounting for up
to 64% of all knee injuries [20–23].
The incidence of ACL injury in basketball has
been widely reported, with a meta-analysis of
epidemiologic studies showing female and male
basketball player ACL tear rates of 0.29 and 0.08
per 1000 athletic exposures (defined as a practice or game), respectively [24]. Rapid cutting or
an incorrect landing from a jump are common
ACL injury mechanisms in basketball. A substantial amount of ACL injuries occur along with
damage to other structures in the knee, such as
articular cartilage, meniscus, or other ligaments.
Despite their relatively low incidence (<1% of
all injuries), ACL lesions are one the most attention-drawing injuries in sports in general and in
basketball in particular. While some decades
ago, it was considered a career-ending injury,
advances in surgical techniques, optimal anatomic understanding, and rehabilitation have led
to improved rates of return to sports even at preinjury level in many patients. Young players
between the ages of 15 and 25 years account for
half of all ACL injuries. An athlete who has torn
his/her ACL has a 15 times greater risk of a second ACL injury during the initial 12 months
after an ACL reconstruction. Risk of ACL injury
to the opposite knee is twice that of the restructured knee [25].

Fact Box 1

• The incidence of further meniscus
lesions could probably be reduced if the
torn ACL was surgically reconstructed;
however, current evidence does not support the fact that this would be due to the
surgical repair rather than to a decrease
of involvement in strenuous activities.
• It has not been demonstrated that ACL
reconstruction can prevent osteoarthritis [26].
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designed studies demonstrate that conservative
treatment could give satisfactory results for many
patients in non-pivoting sports [27]. Patients
should be counseled on realistic expectations and
implications when deciding between conservative and surgical treatment. ACL injuries are discussed extensively in other chapters in this book.

29.4.4.2 P
 osterior Cruciate Ligament
(PCL) Injuries in Basketball
PCL injuries are uncommon in basketball [28],
however may pose a challenging problem, especially when combined with other ligamentous
injuries.
A common mechanism for a PCL injury
involves a blow to the front of the knee while the
knee is bent and the foot is plantar-flexed; however, hyperextension is also a well-recognized
mechanism. PCL injury in sports is often associated with contact. PCL tears are often partial tears
with the potential to heal on their own. A review of
the literature suggests that partial and some complete isolated PCL tears are best treated with conservative management. Generally only in cases
where there is an avulsion fracture, or associated
ligamentous injuries should PCL reconstruction
be performed. Chronic posterior instability should
be treated operatively only if the patients are
severely symptomatic. However, complete restoration of knee stability is usually not achieved
independent of the different surgical techniques.
Very few studies in the literature focus on isolated
PCL injury. Recent studies are in general more
optimistic with regard to the results than previous
reports [28]. There are only a few high-quality
studies, which may limit the value of the reported
results [29]. Firm recommendations on what treatment to choose cannot be given at this time on the
basis of these studies. PCL injuries are discussed
extensively in another chapter in this book.

29.4.4.3 Collateral Ligament Injury

Medial Collateral Ligament (MCL) Injuries
Studies comparing surgical and conservative in Basketball
treatments confirm that ACL reconstruction is not Collateral ligament injuries are usually generated
a prerequisite for returning to sports activities, from forces that push the knee sideways. There
except in children and adolescents. Recent well- are two common MCL tear mechanisms: (1) a
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direct contact on the lateral part of the knee with
valgus force and (2) a noncontact rotational
injury, usually with a combination of flexion, valgus, and external rotation. Collateral ligament
injuries can occur in isolation as well as in concomitance with cruciate ligament injuries as part
of a multi-ligament injury to the knee [30]. At the
collegiate level, rates of MCL injuries have been
reported to be 0.87/10,000 athletic exposures
(AE) for females and 1.02/10,000 AE for males,
while at the high school level rates have been
reported to be 0.62/10,000 AE for females and
0.3/10,000 AE for males [31]. Large registry data
has shown MCL injury in association with ACL
injury in basketball (1.2%) to be much less common than in football (3%), American football
(2.8%), and handball (2.7%) [30]. Thorough
history taking could aid in identifying the injury
mechanism and diagnosis. The physical examination should include inspection and palpation to
identify any swelling, deformity, and ecchymosis, keeping in mind that combined injuries are
not uncommon. In the supine position, the MCL
is palpated from its femoral insertion to the tibia.
A valgus stress test should be performed at 0 and
30° of knee flexion. An isolated laxity at 30° is
indicative of an isolated lesion of the superficial
part of the MCL. Laxity present at 0° of extension indicates a more severe injury involving
other knee structures. Hughston classified laxity
into three grades [32]: grade I (laxity less than
5 mm), grade II (laxity between 6 and 10 mm),
and grade III (laxity more than 10 mm).
Theoretically, low-grade MCL injuries can be
managed without any additional imaging. Stress
radiographs (i.e., TELOS) may still have a role in
higher grades of injury, for recovery assessment
and in chronic cases, with easy comparison available to the contralateral side, however, they
should not be performed in the acute trauma situation. Ultrasound is an excellent and low-cost
modality for diagnosis and follow-up, however is
operator dependent. With the availability of modern imaging modalities and the pressure of a professional sport environment, MRI allows for an
accurate evaluation of the MCL (Fig. 29.4). It is
important to note that the MRI tends to overestimate the lesion, and therefore, the treatment must

a

b

Fig. 29.4 (a) MCL sprain grade I. (b) Complete tear of
the MCL, grade III (From: Landreau P, Laver L, Seil R
(2018) Knee injuries in handball. In: Laver L, Landreau P,
Seil R, Popovic N (Hrsg) Handball Sports Medicine.
Springer, Berlin, Heidelberg, S 261–278)

be conducted and led based mainly on clinical
examination and progression [33]. If severe
medial laxity in full extension exists, MRI will
help the surgical decision-making by allowing
for an accurate evaluation of the MCL (whether a
proximal or the rarer distal MCL tear, which if a
complete tear, could result in a “stener-like
lesion”) and potential associated meniscus
injuries.
The majority of isolated MCL tears are treated
conservatively. Grade I injuries (sprain) are
treated with RICE with or without a hinged knee
brace for a few days until pain and swelling have
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improved. Early physiotherapy usually allows
return to sport within 2–3 weeks following injury.
A similar treatment is applied for grade II
sprains, with the exception that the brace is often
applied for a longer period (up to 3 weeks) in
order to allow the pain to disappear. For this reason, the recovery of strength and proprioception
may take longer. The athlete can usually return to
play 6 weeks after the injury. Nonoperative treatment of grade III MCL injury takes longer. In
these patients, it is important to protect the knee
throughout the healing process with a hinged
brace. The minimum period of immobilization is
4 weeks and is gradually discontinued between
the fourth and sixth week. During the following
3–6 weeks, the patient can start progressive rehabilitation and sport-specific exercises. Special
attention should be given to patients with valgus
alignment. Return to sport is rarely possible
before 10 weeks in a grade III injury. There are
still controversies over the role of surgical management for isolated grade III MCL injuries [34]
in athletes. Nonoperative management of a complete tear of the medial ligamentous complex,
including the posterior-oblique ligament (POL),
may lead to residual rotational instability, especially in a pivoting sport like basketball. Surgery
may be considered in full disruption of the medial
ligamentous complex or when conservative treatment fails.
Lateral Collateral Ligament (LCL)
and Postero-Lateral Corner (PLC) Injuries
in Basketball
In basketball, as in other team ball-sports, isolated
LCL and PLC injuries are generally less common
than MCL injuries. However, the true incidence
may be underestimated as these injuries are sometimes misdiagnosed and therefore underreported
[35]. Their incidence is much higher when they
are combined with other ligamentous lesions such
as ACL or PCL injuries and may be present in up
to 40% [36]. Misdiagnosis can lead to inappropriate treatment and result in chronic lateral and posterolateral laxity, potentially jeopardizing the
athlete’s career. In addition, ACL or PCL reconstruction surgery may be compromised if lateral
and posterolateral injuries are neglected.
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During clinical examination, it is important to
compare the injured knee to the opposite knee
since some players may have physiological lateral laxity without any symptoms. The majority
of cases are the result of a noncontact mechanism, combining hyperextension, varus, and
external rotation. But in some cases, it can be the
result of a direct medial trauma. This kind of
injury mechanism can lead to either isolated or
combined ACL and PCL injuries and even result
in a knee dislocation in a “worst case scenario.” It
is important to remember that some knee dislocations may be missed as they can reduce spontaneously on the field. If such an injury is suspected,
a vascular and neurologic assessment should be
performed. The clinical examination must focus
on assessing the integrity of the peroneal nerve
and the popliteal vessels.
LCL and PLC injuries should be suspected in
the presence of swelling, hematoma, and tenderness in the posterolateral aspect of the knee,
hyperextension of the injured knee, varus laxity
at 30° of knee flexion (LCL tear), varus laxity at
0° of knee flexion (suspicious for PLC injury and
cruciate ligament injury), a positive dial test
(more than 10° of side-to-side difference in external rotation in 30º of knee flexion, suggesting a
PLC injury) (Fig. 29.5), external rotation recurvatum test (external rotation of the tibia when the
knee is in hyperextension), a positive posterolateral drawer test (suspected popliteal tendon and
popliteo-fibular ligament injury), and a positive
reverse-pivot shift test (reduction of the posterior
subluxation of the lateral tibial plateau as the
knee is brought close to extension) [37].
Management of LCL and PLC injuries
depends on multiple factors such as the degree of
laxity, knee alignment, combined injuries, time
from injury, and even playing level. The classification system proposed by Hughston [38] is easily clinically applicable and is based on the
degree of laxity (grade I, 0–5 mm; grade II,
5–10 mm; grade III, > 10 mm). Laxity must
always be compared to the opposite knee. While
grade I injuries are usually treated conservatively
and grade III injuries are treated surgically, the
treatment decision-making in grade II injuries is
more complex and challenging, and each case
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b

Fig. 29.5 The dial test. While the patient is in the prone
position, a maximal external a rotation force is applied to
the feet while the knees are close together. The test is
peformed with the knees in 30º (a) and 90º (b) of flexion.
A difference of more than 10° of external rotation in the
injured knee compared to the uninjured, suggests PLC

injury. If present only in 30º, the test is indicative of an
isolated PLC injury. If present both in 30º and 90º – the
test is indicative of a combined PCL and PLC injury. If
present only in 90º – the test is indicative of PCL instability. Courtesy of Dr. Lior Laver

must be evaluated separately taking into consideration the factors previously mentioned. These
injuries and their management are extensively
discussed in a separate chapter in this book.

recorded in athletes under 30 years of age and in
those with a body mass index (BMI) higher than
25 kg/m2. They reported a slightly greater
involvement of the right knee (53.5%) compared
with the left knee (46.5%), although a different
distribution was reported by Baker et al. [40],
who found right knee involvement in 80% of
cases. Furthermore, similar RTS results were
shown for medial and lateral injuries, while 25
athletes (19.4%) failed to return to sporting activities [39]. Data from injury profile in elite female
basketball athletes at the Women’s National
Basketball Association (WNBA), combine, collected from 506 players between 2000 and 2008,
revealed 10.5% had meniscal injuries [41]. In this
study, meniscus surgery was found to be the second most common surgery in college women
basketball players entering the WNBA. Meniscal
injuries were not found to affect career length in
the WNBA, and meniscal injuries were not found

29.4.5 Meniscal Injuries in Basketball
Meniscal injuries are common in basketball.
Tears in the meniscus can be traumatic (Fig.
29.6a) as a result of twisting, cutting or pivoting
maneuvers, or direct trauma. Degenerative
meniscal tears may also occur as a result of
arthritic changes or as a result of the biomechanical effects of aging on the meniscus (Fig. 29.6b).
Database analysis by Yeh et al. [39] identified
129 isolated meniscal injuries occurring in 21
NBA seasons; of these, 77 (59.7%) involved the
lateral meniscus and 52 (40.3%) involved the
medial meniscus, with a higher occurrence
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Fig. 29.6 Acute(a) “bucket handle” tear of a medial meniscus and (b) degenerative “fish mouth” tear

to vary between playing positions [41]. Granan
et al. have found an increased odds ratio of sustaining a concomitant lateral meniscus injury
with ACL injuries in basketball players, analyzing large registry data [30].
Partial or total loss of the meniscus leads to
biomechanical abnormalities which may significantly affect sports careers in the short and long
term. In 1948 Fairbank [42] reported the clinical
outcomes of 107 patients after total meniscectomies and found that the majority had degenerative changes. Similar findings were reported by
Pengas et al. concluding that meniscectomy leads
to symptomatic osteoarthritis of the knee later in
life, with a resultant 132-fold increase in the rate
of total knee replacement in comparison to geographical and age-matched peers [43].
The meniscus is composed of three zones: the
vascularized red-red zone is located in its periphery, providing good healing potential after repair,
the red-white zone has intermediate vascularity,
and the white-white (central) zone is avascular.
Both menisci provide joint congruency, load
transfer, pressure distribution, impact absorption,
secondary stabilization, joint nutrition, and
lubrication.
The medial meniscus is longer than the lateral
meniscus in the anteroposterior direction, and it
covers 50% of the medial tibial plateau. The lateral meniscus covers 59% of the lateral tibial plateau [44]. The lateral meniscus carries most of
the load transfer on the lateral compartment,
while load transmission in the medial compartment is distributed between the cartilage surface

and the medial meniscus [45]. The surface of the
lateral tibial plateau is convex, whereas the
medial surface is concave. Therefore, lateral
meniscectomy will result in proportionally
greater contact stress and higher risk of cartilage
damage and osteoarthritis compared to the medial
compartment [46]. The role of the menisci as secondary knee stabilizers is well recognized [47].
The posterior horn of the medial meniscus helps
controlling anterior tibial translation, and the lateral meniscus has a role in controlling internal
tibial rotation [47, 48].
Clinically, acute tears present with sudden
pain, usually located on the joint line. Effusion
may be present, although this is not specific for
meniscal tears. Mechanical symptoms may be
present, such as clicking or true locking of the
knee. In degenerative meniscal lesions, symptoms are of a more chronic nature. Recurrent episodes of pain with effusion are often reported,
typically in the absence of an injury. Presence of
mechanical symptoms such as clicking and locking with a mechanical block to extension is
important to be noted, as it can influence the
treatment decision. Some degenerative meniscus
tears are asymptomatic and may be an incidental
finding on an MRI performed for a different reason. These tears should be left alone. A meniscus
tear should be suspected particularly when the
patient reports pain localized along the joint line,
provoked, or increased by hyperflexion, directional change during walking, crossing legs when
seated, or when catching one’s foot on an irregular surface.
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Physical examination in suspicion of a meniscal tear should include assessment of gait, mobility, range of motion (ROM), laxity, limb
alignment and effusion, as well as assessment of
the patellofemoral joint. Specific meniscus tests
should be included in the examination [49]:
• Joint line tenderness on palpation typically
reproduces pain or discomfort.
• The McMurray test is performed in the supine
position; the knee is extended from fully
flexed position while internally rotating the
tibia and repeated while externally rotating the
tibia. The purpose of this maneuver is to
impinge the meniscus between the femur and
the tibia. Tenderness and/or crepitation along
the joint line during this maneuver indicate a
positive sign.
• The Apley test is another test causing meniscus
compression and grinding of the meniscus
between the articular surfaces. It is performed
with the patient in a prone position with the
knee flexed at 90°. The tibia is compressed on
the distal femur, rotated externally and internally to assess the medial and lateral meniscus. The test is considered positive if it
produces pain which is less severe or relieved
when the maneuver is performed without
compression of the tibia (Fig. 29.7).
• The Thessaly test has been described more
recently [50]. While in single-leg stance, flat
footed on the affected knee, the patient axially
rotates the knee several times in 5 and then
20° of knee flexion. The test is considered
positive when medial/lateral joint line pain or
mechanical symptoms are induced.
Among these tests, the joint line palpation has
been reported the most sensitive and specific test
for isolated meniscus pathology [50, 51].
While in most cases, history and physical
examination would allow to suspect isolated
meniscal pathology, imaging confirmation should
be obtained and can also aid in the management
decision-making.
MRI is the most accurate imaging modality
for the diagnosis of meniscal lesions [52] and is
noninvasive. It also allows good visualization of

Fig. 29.7 The Apley test. Courtesy of Dr. Lior Laver

the surrounding soft tissues and capsular attachments as well as assessing the cartilage and the
subchondral bone. High signal within the meniscal substance indicates meniscal pathology. An
increased internal signal ending at one of the
articular surfaces of the meniscus is a strong indicator of a meniscal tear. The specificity of this
sign is improved if the increased signal is visible
on more than one consecutive image [53].
Sagittal, coronal, and axial sequences usually
allow defining the shape of the tear: vertical, horizontal, radial, or the classic “bucket handle” tear
with a “double PCL sign” where the displaced
meniscus tissue appears as a second line parallel
and anterior to the PCL (Fig. 29.8).
MRI diagnosis of posterior meniscus root
tears can be more challenging [54]. A posterior
lateral meniscus (LM) root tear usually occurs in
association with ACL injuries. Posterior medial
meniscal root tears are often of degenerative
nature, but they can be acute following isolated
axial compression and torsional trauma as well as
in cases of multi-ligament injuries. The MRI may
show anteromedial meniscal extrusion and some-
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Fig. 29.8 Bucket handle tear of the medial meniscus
with (a) meniscal fragment visible in the notch on coronal
view. (b) “Double PCL sign” on sagittal view (From:
Landreau P, Laver L, Seil R (2018) Knee injuries in hand-

times the classical “ghost sign” (absence of the
posterior horn of the medial meniscus) (Fig. 29.9).
The axial view can show a linear defect or edema
at the bony insertion of the meniscal root.
While arthroscopic meniscectomy is still frequently performed, recent studies have highlighted the benefit of meniscal repair over partial
meniscectomy, when considering clinical outcome and risk of osteoarthritis [55]. The effect of
a lateral meniscectomy is less “forgiving” than a
medial meniscectomy due to the more significant
role of the lateral meniscus in load transfer and
the convex morphology of the lateral compartment. This explains the longer delay in RTS following lateral meniscectomy compared to a
medial meniscectomy. Therefore, meniscectomy
should be considered with great caution, especially for the lateral meniscus. Paxton et al. [55]
reported that whereas meniscal repairs have a
higher reoperation rate than partial meniscectomies, they are associated with better long-term
outcomes. Therefore, meniscus preservation
should be attempted, especially in young basketball players. Many factors contribute to the deci-

ball. In: Laver L, Landreau P, Seil R, Popovic N (Hrsg)
Handball Sports Medicine. Springer, Berlin, Heidelberg,
S 261–278)

Fig. 29.9 Posterior medial meniscal root avulsion with
the “ghost sign” (absence of the posterior horn of the
medial meniscus) (From: Landreau P, Laver L, Seil R
(2018) Knee injuries in handball. In: Laver L, Landreau P,
Seil R, Popovic N (Hrsg) Handball Sports Medicine.
Springer, Berlin, Heidelberg, S 261–278)
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sion and choice of treatment, such as age, activity
level, location, size, tear pattern, tear chronicity,
combined injuries (i.e., ACL injury), and healing
potential. Meniscus tears located in the red-red
(peripheral) zone should be repaired. This is
especially true for those lesions which are
repaired in conjunction with ACL reconstructions, since they have a higher healing potential
than isolated repairs. In cases of white-white
(central) zone tears, a simple partial meniscectomy is usually performed. For tears in the red-
white zone, treatment decisions can be more
challenging. Healing of these tears could be
enhanced using different methods, such as perforations or trephinations reaching into the vascularized area, potentially encouraging cell
migration to the tear site. A fibrin clot can be used
in combination with rasping of the vascularized
parameniscal synovium. More recently, platelet-
rich plasma has been used to improve the meniscal tear healing [56]; however, evidence of its
efficiency is still lacking.
Complete radial tears lead to complete loss of
the biomechanical function of the meniscus.
Therefore, repair must be attempted in these cases,
especially in young players, even if it is a challenging procedure [57]. Horizontal cleavage tears have
been traditionally resected; however, recent studies have shown that repair can lead to good subjective and objective results in the short and long term
[58]. Traumatic root tears, which are more often
observed in the lateral c ompartment in combination with ACL tears, should be repaired in young
patients as they result complete dysfunction of the
meniscus. Transosseous tunnels or an all-inside
technique can be used for meniscal root repairs
[50]. Meniscus replacement, either by meniscal
allograft transplantation or by a scaffold, can be
performed in cases of chronic, total, or partial
meniscus defects. These situations can occur at the
end of a basketball player’s career, and currently
there is no evidence that surgical procedure can
allow professional basketball players to return to
the same level of sport [59].
Partial meniscectomy has been shown to provide good short-term results, and players usually
return to pre-injury level of performance.
However, results seem to deteriorate with time

especially when the lateral meniscus is involved
[60]. In general, healing rates after meniscus
repair have been shown to provide complete healing in 60% of the cases, partial healing in 25% of
the cases, and failure in 15% of the cases [61].
Therefore, meniscus repair must be attempted if
potential exists for meniscus healing. The treatment decision can be challenging, especially in
high-level professional athletes as the return to
sport after an isolated meniscus repair is significantly longer (minimum of 4 months) compared
to partial meniscectomy. Treatment decision in
professional players is not always straightforward
and may rely on factors which are not purely medical or health related. Factors such as time during
the season, contract status, player’s goals as well
as proximity to important or decisive periods of
the season may play a role in the treatment decision and should be discussed by all parties before
any surgical procedure. The risks and benefits of
meniscectomy and repair as well as their shortand long-term effects must be clearly communicated to the player as well as the coaching staff.

29.4.6 Knee Tendinopathies
and Tendon Tears
in Basketball
Tendinopathies are traditionally considered overuse injuries, involving excessive tensile loading
and subsequent breakdown of the loaded tendon.
Some tendinopathies may, paradoxically, be considered as “underuse” lesions despite the common
beliefs that they are overuse injuries. The traditional concept of tensile failure may not be the
essential feature of the pathomechanics of insertional tendinopathy. Tendinopathies are common
in basketball, mainly extensor mechanism tendinopathy (patellar tendinopathy/“jumper’s knee”;
quadriceps tendinopathy) and Achilles tendinopathies, as well as plantar fasciitis.
Both patellar and quadriceps tendinopathies
have been historically called “Jumper’s knee”
due to the high prevalence seen in athletes
involved in jumping sports. It has been reported
that this injury is prevalent in up to 30% of basketball players. Lian et al. described an overall
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“jumper’s knee” prevalence of of 14.2% in athletes in their report of 613 athletes with the
highest prevalence reported in sports involving
high and explosive loading of the knee extensor
mechanism such as volleyball (44.6%) and basketball (31.9%) [62]. Zwerver et al. described a
“jumper’s knee” prevalence of 11.8% in nonelite basketball players in their report of 891
players [63]. In high school players, it has been
reported that 7% of basketball players had current patellar tendinopathy on clinical examination (11% in men, 2% in women) [64].
Repetitive load to the patellar tendon complex
in adolescent and middle school athletes (boys
aged 12–15 years; girls aged 8–12 years) can lead
to Osgood–Schlatter syndrome involving the tibial tuberosity. Osgood–Schlatter syndrome is a
traction apophysitis of the tibial tubercle due to
repetitive strain on the secondary ossification center of the tibial tuberosity [65]. The condition is
self-limited, and the vast majority of patients will
respond to conservative treatment. While residual
deformity may remain, symptoms will resolve,
along with closure of the physeal plate [66].
Extensor mechanism tendinopathies are extensively discussed in separate chapters dedicated to
tendinopathies and patello-femoral disorders.
Tendon rupture occurs mostly due to mechanical stress and intra-tendinous degeneration or
pathology and involves rapid loading in an
already tensed tendon.
The patellar and quadriceps (Fig. 29.10) tendons, like the Achilles tendon, which is exten-

a

sively discussed in a separate chapter, are some
of the more severe tendon tear injuries in basketball. Patellar tendon rupture can be the ultimate
consequence in the spectrum of chronic patellar
tendinopathy [67]. There is a complete loss of
function, followed by severe effusion and ecchymosis. It is not always preceded by the typical
jumper’s knee symptoms; however, these should
be regarded when obtaining patient history.
Patellar tendon rupture diagnosis is based on
clinical examination and history. It is also important to inquire about previous intra- or peritendinous corticosteroid injections. Evidence of a
palpable gap between the patella and the tibial
tuberosity confirms the diagnosis. The patella
often appears in a more proximal position when
compared to the contralateral knee, and the
patient is unable to actively extend his knee due
to extensor mechanism failure. Prior to surgery,
ultrasound or MRI is recommended to confirm
the diagnosis and to allow for a better understanding of the tear pattern for surgical planning.
Quadriceps tendon tears have a similar clinical onset, however are more common in older
players. Clinical symptoms are similar to patellar
tendon tears; however, the tendinous gap is either
visible or palpable proximally to the patella.
Caution should be made not to miss the diagnosis
in those with partial quadriceps tendon tears and
an incomplete functional loss of the extensor
mechanism. In these patients the extensor mechanism is still functioning, but with less power than
normal. Radiographs show a high-riding patella

b

Fig. 29.10 Quadriceps tendon total rupture: (a) before repair, (b) after repair
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in cases of patella tendon rupture and patella baja
if the quadriceps tendon is torn.
Ultrasound and MRI usually confirm the diagnosis and may provide more information about
the quality of the tendon.
Surgical repair is mandatory in case of a complete tear. It consists of suture of the tendon combined with transosseous fixation. In the
postoperative period, it is recommended to
immobilize the knee in full extension for 6 weeks.
Initiating physiotherapy will depend on the quality and strength of the surgical repair. Return to
sport is rarely possible before 6 months [67].

Fact Box 2

• Knee extensor mechanism tendinopathies are common in basketball and are
traditionally considered overuse injuries, involving excessive tensile loading
and subsequent breakdown of the loaded
tendon.
• These overuse injuries may result in significant time away from sport; hence, early
diagnosis and treatment are important.

29.5

Summary

Knee injuries, both acute and chronic, are very
common in basketball and are responsible for the
most time away from sport. Management of knee
injuries in basketball depends on the severity of the
injury, involved anatomic structures, future prognosis, symptomatology, functional disability, age,
expectations, and level of play. Prevention programs have been proven to be effective in reducing
knee injuries and are easily integrable into warmup routines. The treatment approach should take
into account these factors in order to decide whether
a conservative or surgical management is more
appropriate. Adequate return to sports decisions
and prevention methodologies are key for reduction in the number of basketball injuries.
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30.1

Introduction

30.1.1 Incidence
Tears of the ACL are among the most common
sports injuries treated by orthopedic surgeons,
with an incidence between 30 and 81 per 100,000
people [1, 2]. ACL tears are particularly prevalent
in pivoting and cutting sports such as basketball,
accounting for up to 64% of all knee injuries
[3–6]. The incidence of ACL reconstruction has
increased over the recent years, particularly in
the young and female athletes, who more commonly undergo reconstruction in order to restore
rotatory and translational stability to the knee
and maintain performance level [5, 7–9]. The
incidence of ACL injury in basketball has also
been widely reported, with a meta-analysis of
epidemiologic studies showing female and male
basketball player tear rates of 0.29 and 0.08 per
1000 athletic exposures (defined as a practice or
game), respectively [10].
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30.1.2 ACL Function
The ACL functions as the primary restraint
against anterior translation of the knee, providing
~86% of the stability required to prevent anterior
translation of the tibia. The ACL also provides
rotatory stability, limits hyperextension, and provides secondary coronal stability [11]. Together
with the posterior cruciate ligament (PCL), the
ACL allows controlled rollback of the femur on
the tibia as the knee center of rotation moves posteriorly during flexion. When nearing terminal
extension, the tibia externally rotates under the
femur, resulting in the tightening of both the ACL
and PCL, which stabilizes the knee and allows
for stance [11, 12].

30.1.3 Anatomy
The ACL is composed of type I collagen fibers
(90%) and type III collagen fibers (10%). The
ligament originates from the posterior aspect of
the lateral femoral condyle and inserts anterior
to the medial tibial eminence, travelling an average distance of 31 ± 3 mm [11, 13]. The ACL
is composed of a complex of fascicles which
is commonly simplified into two functionally
and biomechanically synergistic bundles: the
anteromedial bundle, which endures increased
tension during flexion, and the posterolateral
bundle, which becomes taut in extension [14, 15].
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Biomechanical studies have estimated that the
ACL has an ultimate strength of between 1730
and 2500 Newtons [16, 17]. The ACL receives
blood supply from the middle geniculate artery
and innervation from the tibial nerve [18, 19].

30.2

Diagnosis of ACL Tears

30.2.1 History
A thorough history and evaluation is necessary
in diagnosing ACL tears and other associated
injuries in the basketball athlete. Patients often
report an instability event following landing
or cutting in a non-contact fashion. Most commonly, the event involves pivoting while accelerating or decelerating while landing forcefully
on the heel with slight knee flexion. Although a
non-contact mechanism at the time of injury is
more common in basketball players, the injury
likely includes movement to be perturbed by or
contacted by an opposing player earlier in the
sequence [20]. Alternatively contact injury mechanism involves a substantial valgus force to the
fixed and extended knee [20, 21]. An audible or
palpable pop is often described with immediate
knee swelling. That athlete is typically unable to
continue sports activity.

30.2.2 Physical Examination
Examination should begin with the inspection of
the athlete’s lower extremity. An effusion is typically representative of an intra-articular pathology. The Lachman test is the key examination
maneuver when detecting an ACL injury as it
has a high sensitivity and specificity. The patient
is placed in the supine position with the knee in
approximately 30° of flexion. Instructions on
complete relaxation are given while the examiner stabilizes the thigh with one hand and delivers an anterior translation force to the tibia with
the other. Amount of translation is noted as well
as the presence of a firm end-point. Translation
greater than 3 mm compared with the opposite
knee and a soft end-point are indicative of ACL

injury. The pivot shift test is an important indicator of rotational instability. The test is performed
with the leg in extension and the ankle in internal rotation, a valgus force is then applied to the
leg with gentle flexion of the knee. In an ACL-
deficient state, this causes an anterior subluxation
of the lateral tibia from beneath the lateral femoral condyle. The iliotibial band initially acts as an
extensor when its center of rotation is in front of
the knee; as the knee is flexed, the ITB becomes
a flexor and causes the tibia to be reduced posteriorly. This sudden reduction force is considered a positive test. Although the test is not very
sensitive (24%), it is extremely specific (98%).
The test is more sensitive in a completely relaxed
patient or when performed under general anesthesia (74%) [22]. The anterior drawer test is also
valuable in the evaluation of an athlete with an
ACL tear, although it is less sensitive and specific
than the Lachman test. The test is more useful in
patients with chronic ACL tear and is performed
with the patients in supine and the knee in 90°
of flexion. An anterior force is then applied to
the tibia, and the difference in anterior translation between the two knees is evaluated [22].
The above examination maneuvers are very user
dependent and are most useful when performed
by experienced clinicians, whereas the KT-1000
(or 2000/3000) arthrometer provides a more
standardized measurement but is used mostly for
research purposes [23].

30.2.3 Imaging
Imaging is an important adjuvant of the clinical examination for an athlete. Although radiographic imaging will not identify ligamentous
injury, it allows the assessment of associated
bony abnormalities such as avulsion fractures of
the tibial spine or anterolateral ligament (Segond
fracture). An MRI is useful in confirming ligament injury as well as other soft tissue pathology
but is not required for the diagnosis of an ACL
rupture (Fig. 30.1). Due to injury mechanism
with an acute ACL rupture, the most commonly
identified pathology on MRI is ACL rupture,
MCL sprain/tear, and posterior lateral meniscus
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Fig. 30.1 (a) AP X-ray of patient with acutely ruptured ACL. Segond fracture indicated by red arrow. (b) MRI demonstrating acute ACL rupture

tear. Bone bruising occurs on the central lateral
femoral condyle and the posterior lateral tibial
plateau [24]. With chronic ACL tears, the posterior horn of the medial meniscus becomes a
more substantial restraint to anterior translation
which may subsequently result in tearing. The
practitioner should also be aware of any cartilage
injury which may need to be addressed during
arthroscopy.

ting and pivoting motions. Physical therapy prior
to surgery, or “pre-hab,” is primarily focused on
normalization of range of motion, elimination of
effusion, and strengthening the secondary stabilizers of the knee.

30.3.2 S
 urgical Management: Graft
Selection

Following preoperative rehabilitation and normalization of range of motion of the knee (usually 3–4 weeks), surgical management can be
employed with a decreased risk of arthrofibrosis
30.3.1 Conservative Management
[25]. Primary repair of the ACL does not demonstrate adequate healing due to the intra-articular
Although non-surgical management of ACL nature of the tendon; therefore, ligament reconinjuries can be employed in patients without high struction is necessary. Various options for ACL
athletic demand, there is a limited role for non- grafts exist including: bone–patellar tendon–bone
surgical management of ACL tears in the bas- (BTB), hamstring, and quadriceps autografts.
ketball athlete. This is primarily due to the high Either soft tissue or bony ACL allograft options
translational forces placed on the knee while exist, which eliminate donor site morbidity and
playing basketball and the requirement of cut- decrease operative time. Additionally, graft pres-
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ervation and disease transmission are less of a
concern with modern day harvesting techniques.
However, allografts are less commonly utilized
in basketball athletes as they have been found to
have a higher re-rupture rate in the younger, more
active, athletic population [26].
Autograft reconstruction continues to be
the mainstay of treatment in the young athletic
patient. BTB autografts utilize bone on each side
of the tendon which incorporate more quickly
into bony tunnels and have been shown by some
to have lower re-rupture rates than hamstring
grafts (Fig. 30.2). However, donor site morbidity can present in the form of anterior knee
pain, and some studies have shown increased

a

late stage arthritis [27]. Hamstring grafts demonstrate increased tensile strength in the laboratory when quadrupled and have lower donor
site morbidity, but have slower incorporation
into the bony tunnels at the tendon–bone interface [28]. Quadriceps autografts are increasingly performed and provide a thicker soft tissue
graft option than the hamstring. Patella fractures
and quadriceps rupture are potential complications postoperatively that should be discussed.
Ultimately, graft choice is a cumulative decision between the patient and the surgeon based
on pertinent factors. Commonly in the high-level
basketball player, BTB autograft is performed
when possible.

c

b

Fig. 30.2 ACL reconstruction with BTB autograft. (a)
Arthroscopic view on an acute ACL tear. Detachment of
the ACL from its insertion to the femur is demonstrated

using a probe. (b) Prepared BTB autograft prior to reconstruction. (c) Reconstructed ACL with a BTB (white
arrow)

30

Management of ACL Injuries in Basketball

30.3.3 Surgical Technique
and Fixation
Several surgical methods exist when performing
ACL reconstruction including trans-tibial drilling, anterior medial portal drilling, two-incision
technique, and all-inside methods. Each technique entails pros and cons and is best managed
by a physician experienced with the technique.
Ultimately, literature has not demonstrated clinical differences between surgical techniques.
Additionally, single-bundle or double-bundle
ACL reconstruction can be performed.
The anatomic double-bundle technique uses
two separate grafts to recreate each natural bundle
of the ligament and is aimed at providing more
natural knee motions. Although biomechanical
studies have found superior results in terms of
knee translation and rotation, this has not translated into superior clinical results [29, 30].

30.3.3.1 Fixation
Graft fixation of the reconstructed ligament
should be strong enough to withstand close-chain
exercises for at least 12 weeks until the bone or
tendon is able to incorporate into the bone tunnels. There is a risk of graft slippage or ultimate
failure if graft fixation is poor [31]. Many commercially available graft fixation options exist.
Patellar bone blocks demonstrate the highest
stiffness and fixation strength with interference
screw fixation [32]. Optimal screw placement is
parallel to the bone block, with screw divergence
more than 30° demonstrating increased risk of
pullout and failure [32]. Screw length and diameter are also factors which influence fixation
strength, whereas composition of the screw (bioabsorbable/metallic) and the use of dilators has
not been shown to affect fixation strength [33,
34]. Soft tissue grafts have several options for
fixation. These include interference screws,
screw and washer constructs, suture posts, tibial
staples, and cross-pins and buttons on the femoral side. Screw and washer constructs, cross-pins,
and buttons all provide indirect fixation, meaning
the graft is suspended in the bony tunnel. All
other options provide direct fixation by compressing the graft against the wall of the tunnel.
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Fact Box: ACL Injury Management

• For athletes wishing to return to prior
level of sport after ACL injury, surgical
reconstruction remains the mainstay of
treatment.
• Graft selection remains individualized,
with most high-level athletes undergoing reconstruction with BTB autografts.
• Proper surgical fixation is critical to surgical outcome, with strongest fixation
utilizing patellar bone blocks with screw
placement parallel to the blocks.

30.4

 rinciples of ACL Injury
P
Rehabilitation

Post ACL reconstruction, rehabilitation progression and duration recommendations vary widely
from provider to provider. While some providers
utilize defined time-points from surgery as milestones to advance rehabilitation, others require
patients to complete both objective and subjective
benchmarks before advancing. For any athlete,
the ultimate goal of a rehabilitation program is to
return to sport at pre-injury level, but the optimal
therapy program and duration remain highly individualized and dependent on the athlete’s level
of play, type of sport, and concomitant injuries
sustained at the time of ACL rupture. However,
based on a systematic review of the current literature on ACL rehabilitation, an evidence-based
clinical practice guideline has been created for
recommendations [35].

30.4.1 Preoperative Rehabilitation
(Pre-Hab)
Prior to undergoing surgery for an ACL tear,
there are several milestones that should be
achieved. Preoperative rehabilitation focuses on
elimination of effusion, normalization of range
of motion, and strengthening of the secondary
stabilizers of the knee. Preoperative stiffness has
been found to closely correlate with postopera-
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tive range of motion loss, and therefore obtaining near normal range of motion prior to surgery
is essential [36]. Quadriceps weakness/atrophy
is another preoperative concern, as quadriceps
strength deficits >20% have been identified as a
predictor for persistent weakness following surgery [37]. Strengthening of the quadriceps prior
to surgical intervention can potentially alleviate
this complication.

range of motion, with gradual increases in range
of motion during exercise as tolerated.
Another important aspect of early rehabilitation is neuromuscular training, as impaired
neuromuscular control can often persist despite
recovery of normal strength levels [40]. Training
with balance-boards and emphasizing proper
mechanics and form during exercises and ambulation are useful adjuncts in regaining neuromuscular control.

30.4.2 Postoperative Rehabilitation

30.4.2.2 Intermediate Phase
Once the goals of the immediate postsurgical
period have been met—including wound healing,
resolution of effusion, voluntary control of quadriceps, restoration of normal gait, knee extension
to at least 0°, and knee flexion to at least 120–
130°—athletes may advance to the second phase
of therapy. The time period to reach these criteria
varies but should be considered abnormal if not
obtained within 6–8 weeks following surgery.
Many of the principles of this phase follow progressions of the neuromuscular, range
of motion, and strength exercises of the initial
phase. Neuromuscular training should be continued with increased difficulty, such as transitioning from static to dynamic training and adding
perturbation training with varying speed, direction, and amplitude of disturbance. Strength
training should gradually progress to closed
and open kinetic chain exercises at all ranges of
motion. At week 10–12, athletes can resume jogging, assuming they are able to do so with correct
form. Sport-specific training can also be initiated
at this time with close supervision.

30.4.2.1 Initial Phase
Following surgery, athletes are progressed
through a structured physical therapy regimen
before returning to their sport. Rehabilitation
consists of three advancing stages of therapy.
As quadriceps activation failure and flexion
contracture can occur postoperatively, the initial phase of rehabilitation is centered on quadriceps activation and obtaining full range of
motion [38]. Knee extension exercises are used
to obtain full extension to 0° by 2–4 weeks.
Flexion to 120–130° is obtained by 4–6 weeks
using heel-slide exercises. Focus should also
be placed on passive mobilization of the patella
to ensure good patellofemoral mobility by
4–6 weeks after surgery.
Strength training should focus on quadriceps reactivation with active straight leg knee
extensions. Gradually, patients should progress from isometric to concentric quadriceps
exercises as tolerated once the quadriceps are
reactivated. When the patient has sufficient quadriceps strength, as evidenced by performance of
straight leg raises without a lag, they can unlock
their postoperative brace and begin advancing
their strength training [39]. As strength returns,
patients can start progressive weight-bearing
until they resume a normal gait pattern, after
which crutches can be discontinued. Thereafter,
patients should progress to closed kinetic chain
exercises (including leg press, squats, step-ups)
prior to initiating open kinetic chain exercises
approximately 4–6 weeks after surgery [35].
Early precautions should include both closed and
open kinetic chain exercises confined to a limited

30.4.2.3 Final Phase
Once athletes are able to perform all closed and
open kinetic chain exercises without pain and
have a Limb Symmetry Index (LSI) greater than
80% for quadriceps and hamstring strength, they
can progress to the final phase of rehabilitation
before returning to sport. The goal of this phase
is to transition back into sports by intensifying
sport-specific training. Neuromuscular and perturbation exercises should be intensified and focused
on sport-specific movement. Athletes should also
increase agility training, with resumption of train-
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ing with their sports team in preparation for returning to sports (RTS) and return to play (RTP).

357

sports, have yet to be established. A recent systematic review of level I and II studies reporting return-to-play protocols demonstrated that
90% failed to utilize objection criteria and 65%
30.4.3 Rehabilitation Considerations
of studies failed to use any criteria for return to
in Basketball Players
sports readiness [42]. There are several obstacles
in obtaining unified return-to-play criteria. One
Much of the investigation in ACL reconstruction barrier is a lack of consensus on what level an
rehabilitation has focused on general principles athlete can safely return after ACL reconstruction
and guidelines for all patients, with few studies [43]. Another obstacle is that multiple factors
focusing directly on rehabilitation in basketball contribute to athlete RTP that cannot be conplayers. One level V commentary published on trolled uniformly. One such factor is the psychorehabilitation in basketball players by an NBA logical state of the athlete. Reports have shown
trainer [41] outlined a similar three phase pro- that psychological factors can significantly
gression with early focus on minimizing effu- decrease return-to-sport rate and performance
sion, allowing for incision closure, and gradual despite obtaining equivalent functional outcome
restoration of knee range of motion. In addition to measures in athletes [44]. Additionally outcome
the general intermediate phase exercises outlined scores do not necessarily correlate with returnabove, the author proposed several basketball- to-sports rates. A recent study evaluating ACL
specific exercises, including low-
intensity cut- reconstruction outcomes demonstrated that only
ting drills and single-leg squatting on tilt boards 44% of athletes RTP despite 90% of the same
while catching and passing basketballs. With athletes having normal or near-normal function
progression to the last rehabilitation phase prior on objective outcome scores and 85% having
to returning to sport, drills simulating basketball normal or near-normal function on IKDC subjecsituations can be implemented. This includes ball tive outcome scores [45].
chase drills, where players chase balls thrown
Although limitations to uniform return-to-play
randomly around the court, and sprint-backpedal criteria exist as detailed above, a recent review
drills with and without basketball dribbling.
on rehabilitation following ACL reconstruction
In addition, rehabilitation in basketball play- introduced several evidence-based criteria for
ers should also emphasize jump-landing train- establishing safe return to play [35]. Before a
ing and plyometric-type exercises, focusing on basketball player can safely RTS, at minimum
training to improve basketball-specific motions the following criteria should be met:
with the potential for ACL injury. The goal of
completing these tailored basketball exercises is • No knee pain with basketball-related moveto progressively expose recovering athletes to in-
ments (running, jumping, pivoting, deceleratgame movements and scenarios, thus optimizing
ing, cutting).
the neuromuscular and strength training unique • No knee buckling or apprehension of buckling
to basketball players. Further study is needed to
during basketball-related movements.
investigate basketball-specific programs before • Restoration of normal and symmetric gait and
evidence-based recommendations can be made.
running pattern.
• An LSI >90% for both hamstring and quadriceps strength.
30.4.4 Establishing Safe Return-to-
• An LSI >90% for a hop test battery (including
Play Criteria Following
vertical jump, hopping for distance, single-leg
Rehabilitation
hop-and-hold test, and side hopping) [46].
• Drop jump testing with absence of valgus
Standardized, objective, and evidence-based crimovement, symmetric knee flexion, and mainteria for return to sport in basketball, as in all
tenance of upright and lateral truncal posture.
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Fact Box: Rehabilitation

• Preoperative rehabilitation is essential
in optimizing postoperative restoration
of range of motion and strength.
• Postoperative rehabilitation should
include range of motion, strength, and
neuromuscular exercises with progression to sport-specific exercises.
• Return-to-sport criteria are evolving but
should ensure symmetric quadriceps and
hamstring strength and absence of pain or
buckling with sport-specific movements.

30.5

Outcomes of ACL
Reconstruction

30.5.1 F
 unctional Outcomes of ACL
Reconstruction
Long-term results of ACL reconstruction have been
investigated. At the 20-year follow-up, intact hamstring autografts in both adults and adolescents had
favorable subjective outcome scores and return to
play rate. However, ACL re-injury rates were significant, particularly in adolescents, with survival rates
of 86% and 61% for adults and adolescents, respectively. Moreover, in final follow-up 17% of subjects
had radiographic evidence of moderate to severe
osteoarthritis based on IKDC radiological grade [47].
A longitudinal evaluation of patellar tendon autografts at mean 10.3 years found similar results, with
favorable subjective outcomes, graft survival rates,
and common progression of osteoarthritis [48]. A
recent study comparing outcomes of hamstring and
BTB reconstruction at mean 9 years corroborated
the short-term findings, showing insignificant differences in laxity and graft failure. However, patellar
tendon autografts were associated with increased
rates of arthritis and pain with kneeling.

30.5.2 Repeat Tears of the ACL
A well-described and devastating outcome following successful ACL reconstruction and rehabilitation is an ACL re-tear. Incidence of ipsilateral

graft tear in the reconstructed knee and tearing of
the contralateral native ACL are comparable in the
first 2 years after ACL reconstruction, occurring
in approximately 3% of patients [49]. At 5 years,
incidence of tears of the contralateral ACL is significantly higher than that of reconstructed ACLs,
with rates of 11.8% and 5.8%, respectively [50].
Several risk factors for re-tear have been identified, including the use of an allograft (5.2× more
likely to tear than autografts), younger age, and
higher activity levels. There were no significant
differences when considering sex, sport played,
concurrent meniscus tears, or autograft type [51].
In addition to needing to repeat the significant time
and effort in post-surgical rehabilitation, re-tears
of the ACL are particularly devastating as they
have been shown to have inferior outcomes to primary ACL reconstruction. In particular, patients
with repeat ACL ruptures have lower activity levels following rehabilitation, higher incidence of
cartilage injury in the medial and patellofemoral
compartments of the ipsilateral knee, and higher
rates of subsequent recurrent nontraumatic graft
injury [52].

30.5.3 R
 eturn to Sport Following ACL
Reconstruction
With a high number of athletes playing basketball and across all sports opting for ACL reconstruction, the time and success rate of returning
to sport have been significantly investigated in
recent years. A recent systematic review of ACL
reconstruction outcomes analyzed 69 published
reports on return rates across many different
sports. The investigation found that 81% of athletes were able to return to sport, but only 65%
returned to pre-injury level of play, and only 55%
were able to return to competitive play [53]. A
number of factors associated with favorable
outcomes were identified, including younger
age, male gender, and a positive psychological
response after injury. Interestingly, ACL reconstruction with a hamstring tendon autograft was
associated with higher rates of return to competitive sport, whereas repair with a patellar tendon
autograft was associated with higher rates of
return to pre-injury performance levels [53].
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While rates of return to pre-injury sports performance following ACL injury and reconstruction in
general have been low, rates among elite and professional athletes have been more favorable. A recent
systematic review on return to sport outcomes in
elite athletes found a pooled return to sport rate
of 83% across several sports with a mean return
to sports time ranging from 6 to 13 months [54].
Factors that were associated with higher return to
sport rates at pre-injury level included measures
suggestive of greater levels of skill and value to
elite teams, such as earlier draft selection, a collegiate scholarship, and a higher depth chart position. One study found concomitant meniscus injury
to shorten careers of hockey players undergoing
ACL reconstruction, but otherwise, no concurrent injuries significantly affected return-to-sport
rates across all sports. Similarly, one study found
that elite athletes undergoing ACL reconstruction
with autografts was associated with higher return
to sport rates, but otherwise no investigations iden-
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tified significant relationships between graft selection and return to sport rates [54].
The ability to return to sport specifically in elite
basketball players after ACL tears and reconstruction has also been investigated. A recent case series
and systematic review of professional basketball
players undergoing ACL reconstruction found that
11 out of 12 players returned to their prior level of
play. Of those in the NBA, eight out of nine returned
to play at a mean 9.8 months, with average per game
statistical decreases in points, minutes, rebounds,
assists, steals, blocks, and turnovers, none of which
reaching statistical significance. There was a significant decrease in player efficiency in the first
season following reconstruction, but by the second
season, performance metrics had all returned to
pre-injury levels [55]. Similar findings (Table 30.1)
have been identified in other investigations of professional players, with reported return-to-sport rates
of 78–86% and similar declines in functional performance upon initial return to sport.

Table 30.1 Investigations comparing return-to-sport rates and performance after ACL reconstruction in elite basketball players
Number
of
patients
12

21

Performance compared with
%RTS pre-injury
92
Decrease in player efficiency rating in
year 1, returning to pre-injury level in
year 2. Insignificant decreases in
multiple individual statistics
–
—

79

86

—

Minhas et al.
(2016)

65

85

Harris et al.
(2013)

58

86

Namdari et al. 18
(2011)

78

Busfield et al.
(2009)

78

Statistically significant decreases in
games played for 3 years. Decrease in
player efficiency rating at 1 year
before returning to pre-injury level at
3 years
Decrease in games played
Decreases in games played per
season, points, rebounds, field goal
percentage, All-Star selections
No significant difference
Decreases in steals per game and
shooting percentage. Insignificant
decreases in multiple other individual
statistics
Decreases in player efficiency rating, No significant difference
games played, shooting percentage.
Insignificant decreases in multiple
other individual statistics

Author (year)
Nwachukwu
et al. (2017)

Mehran et al.
(2016)
Kester et al.
(2016)

27

Performance compared with control
group
–

No significant difference
Decreases in games started, games
played, and player efficiency rating.
Mean length of postoperative play is
1.86 years shorter after ACL
reconstruction
–
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Fact Box: Outcomes

• Both hamstring and BTB autografts
provide superior functional outcomes to
allografts and should be utilized for
young athletes seeking to RTP.
• ACL graft re-tear and contralateral ACL
ruptures occur at low rates following
ACL reconstruction, particularly in
young and active patients.
• RTS rates vary, with more favorable outcomes and return to prior level of play in
elite athletes as compared with recreational players.

30.6

3.

4.

5.

6.

Conclusion

ACL rupture remains a common and devastating
injury in basketball players, nearly always requiring surgical intervention and lengthy rehabilitation before RTP. Diagnosis should be obtained
clinically with a detailed history and physical
examination and confirmed with radiographic
studies prior to assessing management. Surgical
reconstruction with either hamstring or BTB
autografts should strongly be considered in any
player wishing to return to basketball following
an ACL rupture, along with immediate preoperative rehabilitation. Postoperative rehabilitation
should follow performance-based progression in
range of motion, strengthening, and neuromuscular exercises before initiating gradual return
to basketball activity. The success of these interventions in returning players to basketball varies
based upon both modifiable and non-modifiable
factors, but generally these measures are successful in returning players to their prior level of play.
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31.1

Introduction

Multi-ligament knee injuries (MLI) are complicated and devastating injuries for a basketball
player [1]. The lower extremity has been reported
to be the most frequently injured extremity in basketball, accounting for 62.4% of all injuries, with
knee injuries accounting for 17.8% of all athletic
injuries [2]. The incidence of anterior cruciate
ligament (ACL) injuries has been reported to be
higher in basketball relative to many other sports,
with up to 16% of female basketball players
likely to suffer an ACL tear during their career
[3]. The incidence of MLI in basketball is not
known; however, recent studies have reported
that sports-related injuries can account for up
to 47% of multi-ligament knee injuries in their
cohorts [1, 4]. Accordingly, it is important to
realize that even though multi-ligament injuries
have been associated with high-energy mecha-

R. A. Burnett · N. Mehta · K. N. Kunze · J. Chahla (*)
Department of Orthopaedic Surgery, Division of
Sports Medicine, Rush University Medical Center,
Chicago, IL, USA
e-mail: jorge.chahla@rushortho.com
G. Moatshe
Oslo University Hospital, Oslo, Norway
OSTRC, Norwegian School of Sports Science,
Oslo, Norway
R. F. LaPrade
Twin Cities Orthopedics, Minneapolis, MN, USA

nisms, relatively lower-energy sports activities
can also result in MLI [5]. Often, MLI in the
basketball player occurs due to ligament failure
during twisting and pivoting motions while landing, often in low-velocity or non-contact settings.
Concurrent knee dislocation (bicruciate involvement) is associated with a high morbidity rate,
given its association with potential neurovascular
compromise [6].
The diagnostic evaluation of MLI in the basketball player must be thorough because concomitant intra-articular injuries are important to
identify and address during surgical reconstruction. Surgical reconstruction is recommended for
all athletes to improve knee function and potential to return to previous activity level. Surgical
management of these injuries is technically
challenging and different aspects of operative
decision-making, such as reconstruction versus repair, staging, and ideal timing for surgical
intervention, are still up for debate. The available
literature reporting outcomes following multi-
ligament knee injuries in athletes, and basketball
players, specifically, is sparse.
In this chapter, we aim to address both the
biomechanical and clinical considerations of
multi-ligament knee injuries as they pertain to
the basketball athlete by presenting the considerations of diagnosis, treatment, rehabilitation,
and outcomes following surgical reconstruction
and future options for management of this difficult injury.
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Table 31.1 Schenck’s knee dislocation classification
system [7, 8]
Classification Anatomic pattern of injury
KD I
Injury to single cruciate + collaterals
KD II
Injury to ACL and PCL with intact
collaterals
KD III M
Injury to ACL, PCL, MCL
KD III L
Injury to ACL, PCL, LCL
KD IV
Injury to ACL, PCL, MCL, and LCL
KD V
Dislocation + fracture
ACL anterior cruciate ligament, PCL posterior cruciate
ligament, MCL medial collateral ligament, LCL lateral
collateral ligament
The addition of the “C” or “N” modifier indicates concomitant arterial or neural injury, respectively. Dislocation
implies rupture of both cruciate ligaments

31.1.1 Classification of Multi-
Ligament Knee Injuries
The anatomical pattern of the involved ligaments
as described by Schenck et al. [7, 8] is most commonly used when describing multi-ligament
injuries (Table 31.1). This classification system
is composed of six different patterns of MLI
commonly observed and allows for modifiers
that indicate whether or not an injury is associated with arterial and/or neural involvement.

31.1.2 Prevalence of Injury
and Patient Demographics
Multi-ligament knee injuries in basketball are
considered to be low-velocity traumatic events.
It has been estimated that the incidence of MLI
may be as high as 0.072 per 100-patient years [9].
Therefore, multi-ligament injuries are not as rare
as previously thought, especially in the setting of
rapid pivoting and low-energy impact activities
as observed in basketball. In collegiate athletes, it
has been reported that women have a higher susceptibility to ACL injury secondary to multiple
extrinsic (body movement, muscular strength,
shoe–surface interface, and skill level) and intrinsic (joint laxity, limb alignment, notch dimensions, and ligament size) causes, while intersex
differences in posterior cruciate ligament (PCL)
and collateral ligament injury rates have not been
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reported [10]. This discrepancy appears to be
potentiated in basketball. The rate of ACL injury
in female basketball players is four times greater
than in men (P < 0.01) with an increased incidence of meniscal tears (P < 0.01) and collateral
ligament tears (P < 0.02) in female basketball
players [10].
The most common overall pattern of MLI
involves the medial side of the knee in conjunction with a cruciate ligament tear (KD III-M).
Moatshe et al. [11] reported that the incidence
of medial- and lateral-sided injuries was 52%
and 28%, respectively, in their cohort of 303
multiligamentous injuries. Moreover, isolated
bicruciate involvement constituted only 5% of
multi-
ligament injuries. Robertson et al. [12]
also reported a 41% incidence of medial-sided
injuries, while lateral-sided injuries accounted
for 28% of involvement. Interestingly, Becker
et al. [13] reported a high incidence of lateral-
sided injuries, which composed 43% of injuries; however, the smaller series of 106 patients
from a level-1 trauma center with predominantly
high-energy trauma may have accounted for this
discrepancy.
Few studies have provided quantitative estimates of the prevalence of sports-related MLI,
in particular. In the previously cited study by
Moatshe et al. [11], the authors reported that low-
energy trauma accounted for 49.7% of knee dislocations as defined by bicruciate involvement,
and 44% occurred during athletic participation.
Likewise, Engebretsen et al. [4] quantified the
prevalence of sports-related multi-ligament injury
to be 47% in their cohort of 85 patients with knee
dislocations. This suggests that sports-related
multi-ligament injury occurs as frequently as
those that occur secondary to high-impact energy
scenarios, highlighting the importance of considering this pattern of injury when evaluating the
knee of an injured basketball player. Collegiate
basketball players may have specific injury patterns in comparison to other sports: Tan et al. [14]
performed a retrospective cohort study of 2548
collegiate athletes and determined that basketball
players were 4.95 times (95% confidence interval [CI], 2.61–8.76) more likely to experience
an ACL tear than football players, suggesting
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that injury patterns may reflect forces applied
to the knee depending on commonly performed
movements.
The importance of considering and properly
diagnosing MLI in the basketball player should
also be emphasized by the incidence of concomitant injuries, which may increase morbidity and
return to sport time. Although specific data pertaining to basketball is lacking, the risk of vascular and neurologic injury is significant when
a true high velocity knee dislocation occurs.
Medina et al. [15] determined that the incidence
of neural and vascular injury was 25% and 18%,
respectively, in patients who experienced knee
dislocation. Becker et al. [13] studied a series
of 106 patients and reported a similar incidence
of neural and vascular injury at 25% and 21%,
respectively. Moatshe et al. [11] reported that
vascular injuries occurred in 5% of dislocations,
while common peroneal nerve injury occurred
in 19%. Strikingly, the authors of this study also
found that patients who had a posterolateral
corner (PLC) injury had 42 times greater odds
of experiencing a peroneal nerve injury and 9.2
times greater odds of experiencing a popliteal
artery injury than patients without a PLC injury.
Moreover, patients with peroneal nerve injury
had 20.6 times greater odds of experiencing
concomitant vascular injury. Together, these
studies highlight the importance of evaluating
for simultaneous neurovascular involvement
when evaluating MLI, and the surgeon should
not hesitate to pursue additional angiographic
imaging in players who suffer associated peroneal nerve injury.
Other studies have reported that additional
structural injury may occur up to 72% of the
time [16]. Moatshe et al. [11] reported that the
incidence of meniscal injury in conjunction with
multi-ligament knee injury was 37.3%, while the
incidence of concomitant cartilage injury was
28.3%. Krych et al. [17] reviewed a series of
122 knees and found that meniscal or chondral
injury was present in 76% of cases. Richter et al.
[18] found that meniscal injury was only present
in 15% of cases of multi-ligament knee injury,
suggesting a lower prevalence. Despite varying
ranges of concomitant structural injury when
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being evaluated for multi-ligament knee injuries,
these studies suggest that surgeons should be
cognizant of the possibility of players experiencing additional injury which may influence treatment approach and prognosis.

31.1.3 Diagnosis
Knee injuries suffered during recreational or
competitive basketball are considered low
energy, and as such there is usually a low concern for injury in other locations beyond the
knee. A thorough and systematic history and
physical examination is mandatory when treating patients with knee injuries. A video showing the injury can be helpful when available.
Physical examination should be focused on
swelling alignment, passive and active range of
motion, and knee stability should be performed
when possible. This examination may be limited by pain. Concomitant intra-articular injury,
including meniscal and ligament injuries, can be
missed in the acute period.
If a neurovascular injury is identified, it
could significantly influence the treatment
plan and prognosis. When assessing for vascular involvement, it is important to compare
the injured limb to the contralateral side. The
examiner should palpate the posterior tibial and
dorsalis pedis pulses bilaterally in addition to
assessing potential differences in skin color. It
is also important to re-examine the patient in the
acute period following injury because the vascular changes may not be immediately apparent. A more focused vascular examination may
then proceed including capillary refill, pulse
symmetry, and neurological exam as this has
been reported to be reliable to screen patients
for selective arteriography [19]. Vascular injury
may also be assessed using the ankle-brachial
index (ABI) when the physical exam is equivocal or there is concomitant neurological injury.
An ABI <0.9 warrants angiography [20, 21]. If
vascular injury is detected, this should guide
first treatment steps.
The type of injury can often suggest potential neurovascular complications. In the set-
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ting of bicruciate ligament disruption, the
risk of vascular and neurologic injury is high,
and vascular assessment is often needed [6].
Additionally, the examiner should properly
assess the common peroneal nerve and vascular
status when suspicious for a PLC injury, given
the established association as previously discussed [11].
Diagnostic imaging also plays an essential
role in the evaluation of multi-ligament injury.
Stress radiographs play an important role in
the diagnosis and classification of ligamentous
injury, particularly in PCL, posteromedial corner (PMC), and PLC injuries. Moreover, they
provide an objective outcome measure for successful reconstruction (Table 31.2, Figs. 31.1
and 31.2) [22]. If there is difficulty in obtaining the stress radiographs secondary to factors
such as patient guarding [23–25], it is recommended to use a mini C-arm with examination
under anesthesia during surgery. This approach
may help identify the degree of knee gapping,
if present. Magnetic resonance imaging (MRI)
is also imperative as this provides information
regarding concomitant potential injuries to the
menisci and cartilage in addition to the ligaments of the knee. If a concurrent injury fails
to be addressed, such as a collateral ligament
injury in conjunction with cruciate ligament
injury, then there is an increased risk of graft
failure following cruciate ligament reconstruction due to increased force transmission to the
graft [26, 27].

Table 31.2 Diagnostic criteria in PCL stress test, valgus
stress test, and varus stress test
PCL stress test
Side-to-side > 8 mm
Absolute
difference > 11 mm
Valgus stress test
Side-to-side > 3 mm
Absolute
difference > 9.8 mm
Varus stress test
Side-to-side > 2.7 mm
Absolute
difference > 4 mm

Grade 3 PCL injury
Combined PCL & PLC
injury

31.2

Treatment

Anatomic-based reconstruction is the gold standard for the treatment of multi-ligament knee
injury [22, 28, 29]. Dedmond et al. [30] reviewed
a series of 132 surgically treated MLI knees compared to 74 knees treated conservatively, reporting an increased range of motion (123° vs. 108°,
P < 0.001) and higher lysholm scores (85.2 vs.
66.5, P < 0.001) following surgical intervention.
Various reconstructive techniques are available to
address MLI (Fig. 31.3). Generally, it is preferred
to reconstruct completely ruptured ligaments,
while repair is preferred in instances of capsular avulsion or hamstring tendon avulsion [22,
31]. When possible, preference is given toward
ACL reconstruction with bone–patellar tendon–
bone (BTB) autograft; however, BTB allograft is
used in cases of older age (>55 years) or patellar tendon compromise appreciated on MRI scan
[32]. PCL tears are addressed with an anatomic
double-bundle (DB) PCL reconstruction with
an Achilles tendon allograft for the anterolateral bundle (ALB) and tibialis anterior allograft
for the posteromedial bundle (PMB) [28]. MCL
tears are reconstructed with an autograft hamstring reconstruction [33]. Fibular collateral ligament (FCL) tears are amenable to reconstruction
with semitendinosus autograft or allograft, while
a complete anatomic PCL reconstruction can be
performed with a split Achilles tendon allograft.
The sequence of graft fixation depends on the
involved ligament reconstruction. While outside
the scope of this chapter, this is a heavily debated
topic that is rapidly evolving as more outcome
data becomes available [22]. Operative variables,
such as repair versus reconstruction of the ligament, single versus two-stage surgery and timing
of surgical intervention, are addressed in the following sections.

Grade 3 MCL injury
Posteromedial corner
injury

31.2.1 Operative Decision-Making:
Repair Versus Reconstruction

Grade 3 FCL injury
Posterolateral corner
injury

Reconstruction of the injured ligaments with
autografts and allografts has proven to be superior
to repair of the injured intra-articular ligaments.
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a

b

Fig. 31.1 Pre- and postoperative stress radiograph
(kneeling) series following double-bundle PCL reconstruction, ACL reconstruction. (a) Preoperative side-to-
side kneeling stress radiographs. (b) 12-month

postoperative side-to-side stress radiographs. The right
knee demonstrates a side-to-side difference improvement
of +1.4 mm 1 year postoperatively. PCL: posterior cruciate ligament, ACL: anterior cruciate ligament

Mariani et al. [36] retrospectively reported on
outcomes in 11 knee dislocations treated with
repair and 12 dislocations treated with reconstruction [36]. Stability and range of motion were
improved with cruciate ligament reattachment
compared with direct repair. Moreover, side-to-
side total anteroposterior translation was greater
following repair (6.67 mm vs. 3.20 mm), suggesting a less stable construct.
Levy et al. [37] reported a higher rate of failure in 10 knees that underwent repair of FCL and
PLC with delayed cruciate ligament reconstruction
(4/10, 40%) compared to only one failure in 18
knees (6%, P = 0.04) that underwent single-stage
reconstruction. Stannard et al. evaluated 71 patients
with 73 knee dislocations with posteromedial inju-

ries and reported a failure rate of 20% following
repair compared to only 5% in the reconstruction
group [38]. This contributes to the growing understanding that reconstruction of the collateral ligaments provides improved stability to the construct
[37, 39]. A number of studies have demonstrated
improved kinematic restoration and superior outcomes with anatomic reconstruction of injured ligaments [31, 40, 41]. Collateral ligament repair may
be appropriate in care of bony avulsions, secondary restraints, and capsular injuries [42]. In the setting of multi-ligament knee injuries in basketball
players, reconstruction is preferred because it provides the greatest stability, allows for early range
of motion, and return to natural knee mechanical
structure and function.
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a

b

c

d

Fig. 31.2 Pre- and postoperative valgus stress radiograph
series following a single-stage double-bundle PCL reconstruction, ACL reconstruction, FCL reconstruction, and a
sMCL reconstruction. (a) Preoperative valgus stress
radiograph of right knee. (b) Preoperative valgus stress
radiograph of uninjured (left) knee. (c) 12-month postop-

erative valgus stress radiograph of right knee. (d)
12-month postoperative valgus stress radiographs of left
knee. FCL: fibular collateral ligament, sMCL: superficial
medial collateral ligament. Stress radiographs demonstrate <1 mm of side-to-side difference after
reconstruction
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ALB
ACL Graft

PMB
FCL
Graft

POL
Graft
sMCL
Graft

Popliteus
Graft

PCL
Grafts

Fig. 31.3 Illustrations of reconstructive techniques utilized in multi-ligament knee reconstruction. (a)
Anterolateral view of right knee showing single-bundle
ACL reconstruction with a patellar tendon graft. (b)
Illustration of double-bundle PCL reconstruction on a
right knee using allografts for both the anterolateral and
posteromedial bundle. The grafts are fixed on the tibia

using interference screws and washers (ALB: anterolateral bundle, PMB: posteromedial bundle) [34]. (c)
Illustration showing a complete medial knee reconstruction (left knee) (POL: posterior oblique ligament; sMCL:
superficial medial collateral ligament) [35]. (d) Illustration
demonstrating a full posterolateral knee reconstruction
(FCL: fibular collateral ligament) [22]

31.2.2 Operative Decision-Making:
Single Stage Versus Two Stage

there was no significant difference in the rate
of arthrofibrosis when comparing medial- and
lateral-based multi-ligament injuries. Other studies have reported benefits of single-stage reconstruction with early rehabilitation, which include
less joint instability in all directions, restoration of
physiologic force transmission through the joint
[26, 27] and greater percentage of patients who
return to work [45]. Further studies are needed
to elucidate the role of single-stage reconstruction in the basketball athlete, but this provides
important insight into the benefit of biomechanically focused knee ligament reconstruction with
immediate postoperative rehabilitation regardless
of the injury pattern.

Single- versus multi-stage surgical fixation of
the multi-ligament knee injury remains a topic of
debate; however, the body of evidence is growing in support of single-stage reconstruction.
Traditionally, single-stage reconstruction was
criticized as it increased the same day surgery
time and required a longer postoperative period
of immobilization which led to an increased risk
of arthrofibrosis due to delay in rehabilitation
process [43–45]. LaPrade et al. [22] reported on a
prospective cohort of 194 patients who sustained
MLI while participating in sport and were treated
with a single-stage ligament reconstruction followed by extensive rehabilitation emphasizing
knee motion on postoperative day 1. The authors
found that at a mean follow-up of 3.5 years, there
was significant improvement in Lysholm (41–90)
and WOMAC scores (44–3). The authors found
no differences between PCL-based and ACL-
based multiple ligament knee injuries. Moreover,

31.2.3 Operative Decision-Making:
Timing of Surgery
The ideal time for operative intervention remains
a topic of discussion when deciding the best treatment course for a basketball player with a multi-
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ligament knee injury. A surgical approach within
3 weeks (if swelling has improved and 0–90° of
flexion has been achieved) has been advocated
as a way to help avoid arthrofibrosis, which has
been reported to affect outcomes [4, 36, 43, 46].
Levy et al. performed a systematic review, demonstrating that acute surgical intervention following MLI, as defined as within 3 weeks of injury,
is associated with higher mean Lysholm scores
(90 vs. 82), higher IKDC scores (47% vs. 31%),
and higher sports activity scores (89 vs. 69) on
the Knee Outcome Survey [47]. Moatshe et al. [1]
reported high risk of cartilage injury if patients
are treated in the chronic phase; hence, early
surgery is recommended. Alternatively, LaPrade
et al. [22] recently found no significant differences in terms of postoperative outcome scores
between acute and chronic multi-ligament knee
injuries in athletes. Given the option, early surgical intervention is preferred by most providers as
it allows for early rehabilitation [31]. In the setting of low-energy trauma, as seen in basketball
injuries, early surgical reconstruction provides
anatomic stability and rehabilitation potential.

imize muscular atrophy and restore preinjury levels of muscular strength; (4) utilize return to sport
testing to guide decision-making. The criteria and
timeline for progression through each phase in
basketball players is highly variable and depends
on the injured tissues, extent of injury, demographics of the patient, desired activity level, and
surgeon preference, among other factors.

Fact Box 2: Rehabilitation Principles

•
•
•
•

Tissue protection and range of motion
Manage the scarring process
Minimize muscular atrophy
Utilize return to sport testing

In the first (tissue protection) phase, many
protocols advocate for immediate active range
of motion (ROM) to prevent residual stiffness,
which has been reported to be the most common
complication after a multi-ligament knee reconstruction [49, 50]. Full range of motion is important to long-term outcomes following surgery,
and athletes should aim to reach 0–90° of flexion
within the first 2 weeks after surgery. Patient-
Fact Box 1: Treatment Recommendations
specific factors such as generalized joint hyper• Ligament reconstruction is superior to
laxity should be considered during this phase.
repair.
Aggressive flexion training and muscle stretching
• Single-stage surgery is superior to mulshould be avoided during the first 4 weeks postoptistage surgery.
eratively, and extension should be limited to neu• Early surgical fixation (within 3 weeks)
tral (avoiding hyperextension) for 6 weeks [50].
is superior to chronic fixation.
Patellofemoral mobilization in the nonrestricted
range may be started immediately after surgery
and should be the initial focus as hypomobility of
31.3 Rehabilitation
the proximal pole of the patella can lead to extensor mechanism disruption and knee extensor dysAs the surgical treatment options for multi- function (Fig. 31.4).
ligament knee injury have improved, there is an
There is variability in the literature in terms of
increasing recognition of the importance of post- weight-bearing after surgery for multi-ligament
operative rehabilitation to achieve a successful knee reconstruction. Many protocols call for a
outcome. Despite variation in individual proto- period of non-weight-bearing ranging from 4 to
cols, there remain four common principles for 6 weeks postoperatively to limit the load on the
rehabilitation (periodization concept) of MLI as reconstructed ligaments and reduce the subseoutlined by Mueller et al. [48]: (1) Protect the sur- quent risk of graft elongation and joint laxity [48,
gical reconstruction and restore joint range of 51–54]. Others recommend early partial weight-
motion; (2) manage the scarring process; (3) min- bearing [4, 55] or toe-touch weight-bearing
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Fig. 31.4 Patellar mobility exercises initiated early after
MLI reconstruction can help to prevent arthrofibrosis and
preserve knee range of motion following surgery

[56, 57], while very few protocols recommend
weight-bearing as tolerated [58].
While protection of the knee postoperatively
is important to preserve the integrity of the repair
and allow for healing, complex injuries and
extensive surgeries are associated with high risk
of developing knee joint stiffness, loss of motion,
and arthrofibrosis [45]. Suprapatellar and anterior compartment arthrofibrosis have been shown
to increase the patellofemoral contact force by
up to 80 N, which can cause significant anterior
knee pain [59]. The goal of the second phase of
rehabilitation is to manage the scarring process to
prevent joint stiffness, which can be debilitating
in high-level basketball players. Some authors
have advocated for early range of motion to prevent scar tissue formation [39, 60], and in a systematic review of clinical trials, Mook et al. [45]
reported that delayed rehabilitation may lead to
worse postoperative knee function.
To minimize muscular hypotrophy in the
third phase of rehabilitation, patients may perform quadriceps-activating exercises during the
tissue-protection phase with the knee in neutral extension and within safe ranges of flexion.
Exercises aimed to prevent hypotrophy of the
hamstring, calf and gluteal muscles include four-
way straight leg raises, ankle pumps, and gluteal
sets. Provided the patient does not have significant knee inflammation, the physical therapist
may slowly increase the load on surgical tissues and monitor tissue response [50]. Advanced
weight-bearing exercises should be performed in
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the postoperative brace and can start when the
patient has met all criteria for discontinuation of
crutches, at least 6 weeks postoperatively [50].
The concept of periodization, first described
by Hans Selye, is centered around the principle
of dividing the rehabilitation program into
smaller phases (periods) to promote increased
physiological capacity and avoid exhaustion [61].
Adaptations to this program have been developed
for specific injuries and athletes; however, all of
these share a common progression through three
phases: muscular endurance, strength, and power.
The length of each phase should be no shorter
than 6 weeks, with the endurance phase starting
at approximately 8 weeks postoperatively, when
ROM has been entirely restored [61]. Resisted
exercises should be gradually introduced, and
progress should be constantly re-evaluated to
reduce the risk of reinjury, muscle imbalance,
and knee inflammation.

Fact Box 3: Phases of Periodization

• Muscular endurance
• Muscular strength
• Muscular power
A treatment algorithm for safe return to basketball (Fig. 31.5) provides the therapist and athlete with objective qualitative and quantitative
functional achievements that should be achieved
prior to advancement to the next phase of rehabilitation. Muscle strength, power, and endurance
are quantified by single hop (Fig. 31.6), squats
(Fig. 31.7), box drop, quad index, and range of
motion testing. These metrics can help to direct
where attention is needed during treatment.
Lunging exercises should be implemented cautiously in patients with PCL and PLC injuries as
weight-bearing flexion beyond 45° disproportionately loads the PCL versus the ACL [62].
Cycling and treadmill exercises are incorporated once the patient has sufficient quadriceps
strength and can walk independently without a
brace or crutches. After this point, tissue-specific
considerations are not relevant, and the patient
can begin sports-specific exercises without
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Treatment algorithm for safe return to play in basketball
ROM
Phase 1
Week 0-2

Gait

0-10⁰
contralateral
side

Protected
weight
bearing

Phase 3
Week 8-15
(Endurance
phase)

Full, active
ROM
Equal
contralateral
side

Full weight
bearing
unassisted
x20 mins

Phase 4
Week 21+
(Power phase)
Return to sport
(9-12 months)
Week 21+
Power

Flexibility

Exercises
Lifting
Running

Jumping

0-90⁰ knee
Non weight
flexion
bearing
Patellofemoral
ROM

Phase 1
Week 2-8

Phase 3
Week 15-21
(Strength phase)

Physical Exam

Swelling within 1 cm of
opposite knee

Quad index >80%

Anterior reach
within 8 cm
contralateral leg

10 rep leg press
(2.5x body
weight)
single leg squat
from 10’ for 15
reps

walk-run
program

DorsaVi–pass
single leg squat

Quad index: 90%
Quad girth within 1 cm
Hamstring/quad ratio
>60%

Anterior reach
within 4 cm
contralateral leg

10 rep leg press
(2.8x body
weight)

Single plane
speed and
agility

DorsaVi–box
drop

Quadricep within 1 cm
contralateral side

Anterior reach
within 2 cm
contralateral leg

10 rep leg press
(3.1x body
weight)

Multiplane
speed and
agility-T test
within 90%
contralateral
side

DorsaVi–single
leg vertical jump
within 90%
contralateral side

Multidisciplinary decision between physician, athletic trainers, coaches
Objective tests: Vail Sports Test/SANE/IKDC <5% difference from contralateral side

Fig. 31.5 Treatment algorithm for safe return to play in basketball. The recovering athlete should meet each of the
listed criteria before advancing to the next phase of rehabilitation

a

b

Fig. 31.6 Single hop is an exercise that requires extensive neuromuscular control and is an integral part of the
rehabilitation protocol. In (a), the patient is seen eccentri-

cally loading quadriceps, and (b) shows the end of the hop
with the patient subsequently landing on the foot that he
used for to initiate jump

restrictions of tissue protection in the final rehabilitation phase. For basketball players, lateral
movement, jumping, and pivoting exercises
should be incorporated to the rehabilitation pro-

gram in a gradual and stepwise manner. In general, these drills should first address single-plane
agility with a progression to multiplane agility.
The decision to allow an athlete to return to bas-
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Fig. 31.7 Single-leg squats performed using spring- uted across the joint. In (a), the patient is seen eccentriloaded technology helps to lessen the impact forces of cally loading the quadriceps in deep knee flexion. In (b),
traditional squats as well as quantify the weight distrib- the patient is seen maximally extending the knee

ketball is a complex decision that involves input
from all members of the athlete’s treatment team
including the physical therapist, athletic trainers, and surgeon. Return to play testing using an
objective scoring system, such as the Vail Sports
Test, and outcome scores SANE/IKDC, should
be completed and passed prior to the athlete
being released to practice or game activity.

knee dislocation, Richter et al. [18] showed that
those who had sports injuries and were 40 years
or younger had higher Lysholm and Tegner
scores at mean follow-up of 8.2 years postoperatively, though the authors did not stratify
by sport played. Good functional outcomes in
short-, mid-, and long-term follow-up have been
reported after multi-ligament knee surgery in
the general population. Moatshe et al. reported
improvement in knee function with a median
31.4 Outcomes
Tegner activity score of 4, average Lysholm
score of 84 ± 17, and an average IKDC-2000
As basketball requires high-intensity multi- score of 73 ± 19 [65].
directional movements, which put constant
Though the literature investigating MLI in
dynamic stresses on the knee, injuries to this basketball players is lacking, the consequences
joint can be devastating to an athlete’s career. of isolated ACL injuries in these athletes can
The compressive forces and shear across the give insight to how more complex injuries may
tibiofemoral joint after knee surgery may lead affect these athletes. Return to play in NBA playto worse long-term outcomes after the constant ers after isolated ACL tears has been reported to
cutting, pivoting, and jumping required from be between 78% and 84% [66, 67]. NBA playbasketball. In a review of injuries in the National ers undergoing arthroscopic knee surgery have
Basketball Association (NBA) from 1998 to shorter career lengths and significantly greater
2005, Drakos et al. reported that injuries to the decline in postoperative performance outcomes
knee were the fourth most commonly affected compared with other procedures, with as many
structure, but accounted for the highest propor- as 44% of those who do return to play after ACL
tion of total games missed (18.1%) [63].
reconstruction often experiencing decreased perAs previously discussed, the literature is formance while non-injured players demonstrate
convincing in that operative management is an increase in performance [66, 67]. Notably,
superior to nonoperative management of multi- LaPrade et al. [5] published a case report of an
ligament knee injuries in the general population, NBA player with a combined ACL and FCL
and that patients treated surgically are more knee injury who returned to a preinjury level of
likely to return to work and sports [18, 30, 64]. competition 9 months after a single-staged reconIn a cohort of 89 patients treated for traumatic struction of the ACL and FCL. As promising as
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the results of this report are, multi-ligament knee
injuries present increased surgical and rehabilitation challenges compared with isolated ligamentous injuries, and presumably basketball players
would be less likely to return to high-level competition and preinjury performance after suffering this complex injury.
Outcomes of multi-ligament knee injuries
are generally favorable in highly athletic populations though a large proportion of patients
never achieve their preoperative athletic function. Bakshi et al. examined return to play after
multi-ligament knee injuries in professional football players, athletes whose sport requires similar
biomechanical demands to basketball players.
They found that 56% of athletes returned to play
at a mean time of 388 ± 198 days, with those suffering ACL/MCL injuries returning sooner than
those with combined ACL and PCL/LCL injuries
and frank knee dislocations [68]. Hirschmann
et al. [69] showed that elite athletes, including
basketball players, with complete single-stage
reconstruction within 40 days of injury had better outcomes when compared to athletes treated
beyond 40 days from injury. Although 19 of 24
athletes returned to their previous sport postoperatively, only eight reached their preinjury sports
activity level [69]. Similarly, in a highly-active
military population, 54% of patients were able
to return to active duty following surgical reconstruction of their knee [70]. Cincinnati Knee
Ligament Rating Scale demonstrated an average sport function score of 66 (able to perform at
“half speed”) [70].
Given the trauma imparted to the knee following a multi-ligament knee injury, the prevalence
of osteoarthritis (OA) following these injuries is
high. Moatshe et al. [65] showed that at long-term
follow-up (10.0–18.8 years), radiographic osteoarthritis in the operated knee was present in 42%
of patients who underwent multi-ligament knee
reconstruction. Moreover, researchers showed
that patients older than 30 at the time of surgery
were at an increased risk of developing OA. As
the average length of an NBA career for players is approximately 6 years, [71] post-traumatic
osteoarthritis may pose a greater problem to
retired players than active ones.

31.5

Future Treatment Options

There is considerable room for optimization of
surgical reconstruction for multi-ligament knee
injuries in order to enhance outcomes. With
the trend of early sport specialization and high-
intensity athletics being played at an earlier age,
future research should focus on injury patterns
and outcomes of multi-ligament knee injury in
adolescent basketball players. Similarly, with the
aging population and desire for older populations
to remain active, future treatment options may
focus on enhancing graft healing, particularly in
older patients with worse healing potential.
Future treatment considerations may center
on finer points of the operation such as graft-
tensioning force and optimal tensioning sequence.
No consensus currently exists on the optimal tensioning sequence of grafts during multi-ligament
knee reconstruction [72]. Further biomechanical
studies are required to compare and refine graft-
tensioning protocols, and validate arthroscopic
reduction landmarks. These studies will translate
into large-scale clinical trials to define stability
parameters that improve functional results.

Take Home Message

• Multi-ligament knee injuries, while devastating for the basketball athlete, have
seen a significant improvement in outcomes with the advent of improved surgical techniques and developed, staged
rehabilitation protocols.
• The goal of surgical reconstruction is to
restore the native kinematic forces
imparted on the knee during high-
intensity exercise.
• Ligament reconstruction, single-stage
operation, and early surgical intervention are all factors that have been associated with improved outcomes in MLI.
• Rehabilitation is an integral part of the
treatment algorithm. Following establishment of strong dynamic neuromuscular control and muscular strength
foundation, these programs should start
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to incorporate athletic movements that
are required on the court such as pivoting and lateral movements prior to
return to sport.
• A staged rehabilitation program with
phase-specific goals and criteria for progression provide the optimal chance for
return to sport.
• While there is still a long way to go in the
management of an athlete with MLI, basketball players can expect to see quicker
return to sport with better functional outcomes as surgical technique and rehabilitation protocols continue to evolve.
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32.1

Introduction

Treatment of articular cartilage defects of the
knee remains a challenging entity, particularly in
young high-demand patients. Damaged articular
cartilage has limited potential for self-healing
and therefore has an increased propensity to
progress to osteoarthritis [1, 2]. The prevalence
of cartilage lesions in the general population
ranges from 13% to 60% and affects an estimated
900,000 patients in the United States [3–6].
However, the prevalence in athletes has been
reported to be on average 36% (range 2.4–75%),
with 14% of these athletes being asymptomatic at
diagnosis and with the patellofemoral compartment (37%) and femoral condyle (35%) being
the locations most likely to be affected [7, 8]. In
professional basketball athletes, this number is
even higher. Three prior studies have reported
that the prevalence of focal chondral defects
(FCDs) in the national basketball association
(NBA) is between 41% and 50% of players and
most commonly affects the patellofemoral joint
(70–77% of defects) [9, 10]. Magnetic resonance
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imaging (MRI) has shown that basketball players
have a similar level of undiagnosed, and generally asymptomatic FCDs compared to athletes of
other sports [11]. In the general population, the
number of surgical procedures to address these
cartilage defects is estimated to be approximately
200,000 cases annually [4, 12].
Treatment options for focal chondral defects
include non-operative and surgical options. Non-
operative treatments are generally considered first-line, especially when no mechanical
symptoms are present. A variety of surgical procedures are available; the choice of which surgery to choose is individualized based on the
athlete and his or her risk factors and the patient’s
current time in the season. If conservative measures, such as physical therapy or an intra-
articular injection fail, a less-invasive procedure
such as a chondral debridement can provide significant symptomatic relief, with minimal down
time without altering the opportunity for a more
definitive procedure. Other surgical interventions
include microfracture, osteochondral autograft
transplantation (OCA), osteochondral allograft
transplantation (OAT), autologous chondrocyte
implantation (ACI), and its newer iterations
(matrix ACI) and newer procedures including
minced cartilage procedures (DeNovo Natural
Tissue (NT), Zimmer Inc., Warsaw, IN), cryopreserved osteochondral allografts (Cartiform,
Athrex Inc., Naples, FL; Chondrofix, JRF,
Centennial, CO; Prochondrix, AlloSource,
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Centennial, CO), and extracellular matrix scaffolds (BioCartilage, Arthrex Inc., Naplex, FL).
The purpose of this chapter is to review focal
chondral defects of the knee and their treatment,
with special attention on the use and impact of
these procedures in basketball players. Initially,
this chapter assesses how FCDs are diagnosed
using patient history, physical examination, and
imaging. Then, non-operative treatments, various
surgical techniques and their indications, and
postoperative rehabilitation process are investigated. Finally, outcomes of these procedures and
their return to sport data and basketball, specifically, are analyzed.

32.2

Diagnosis

FCDs in basketball players are diagnosed through
a combination of patient history, physical examination, radiographs, and MRI. An early diagnosis
of FCDs is critical, especially in a young basketball player, as increased time from diagnosis to
intervention has been shown to increase the risk
of worsening cartilage damage and development
of osteoarthritis [13].

32.2.1 Patient History
The initial step of diagnosis, as with most sport
injuries, is a comprehensive patient history. A
typical presentation of an FCD would be a basketball player who presents with continued knee
pain and swelling. The symptoms of cartilage
injury are generally non-specific, and pain is the
most common chief complaint. A high degree of
suspicion is important in those who have acute
patellar dislocation, ligament injury, or hemarthrosis [12]. Often the pain develops insidiously
without an inciting event and presents as intermittent pain that may be worse during specific
activity and sports play. This association should
be further explored because multiple knee pathologies can present with knee pain. For example,
patellar tendonitis which commonly occurs in
male basketball players and affects up to 11% of
players can present with anterior knee pain local-

ized over the patella, with swelling and stiffness
[14]. However, acute pain in association with
injury can also occur as approximately half of
patellofemoral FCD occurs in the setting of traumatic injury [15]. The location of pain can depend
on the location of the FCD, and it can also be
diffuse in nature. Pain can be present in addition
to intermittent effusion, crepitus, catching, and
locking.
A full past medical history is also essential in
diagnosing and creating a treatment plan. An
understanding of a patient’s comorbidities, past
surgical history, and history of physical injury is
essential. Previous injury, such as ACL injury, is
associated with chondral injury [16]. In addition,
any prior treatment such as medications, physical
therapy, or injections should be noted.

32.2.2 Physical Examination
Aspects of the physical examination can suggest
the diagnosis of an FCD. On inspection, one
should look for evidence of effusion, deformity,
patellar maltracking, and malalignment that may
be present. In patients with patellofemoral FCD,
the most common type seen in basketball players,
in-toeing, valgus alignment, or hip abductor
weakness is often observed. On palpation of the
joint, tenderness is common over the femoral
condyle or tibial plateau, depending on the location of the lesion. Patients usually retain full
range of motion. A full knee examination is
essential in ruling out other diagnoses such as
meniscal tears, ligamentous injury, or extensor
mechanism pathologies. While a physical examination must be conducted when evaluating a
patient with cartilage injury, the findings are generally non-specific and provide little concrete
evidence of the underlying diagnosis.

32.2.3 Radiographic Imaging
Due to the lack of specificity in patient history
and on physical examination, both radiographic
and MR imaging are necessary in successfully
diagnosing a patient with an FCD. When
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o btaining X-rays, four views are suggested: bilateral standing anterior posterior (AP), 45° of flexion weight-bearing posterior anterior (PA
“Rosenburg”), non-weight-bearing 30° of flexion
true laterals, and patella sunrise view
(“Merchant”). In addition, physicians should
obtain a mechanical axis X-ray. Specifically,
long-leg alignment views allow for the determination of the mechanical axis and to evaluate for
alignment. These images are necessary to rule
out bony defects and determine the alignment of
the joint. Radiographs should be evaluated for
multiple findings such as radiolucencies, subchondral cysts, sclerosis, fragmentation, loose
bodies, joint space narrowing, and physeal status
as these can affect the treatment plan.

32.2.4 MRI
MRI can provide more information, and is the
most sensitive modality, to evaluate cartilage
defects. However, diagnostic accuracy based on
MRI compared to arthroscopy has been shown
to be in part dependent on the severity of the
cartilage defect (e.g., Outerbridge grade 3–4)
[17]. Conventional MRI methods include
T1-weighted and T2-weighted imaging and can
provide morphological and physiological information about a patient’s knee. However, fat-suppressed sequences such as T2-weighted fast
spin echo (FSE), and T1-weighted spoiled gradient-echo that allow for enhanced contrast
between fluid and cartilage provide improved
sequences producing images with intermediate
cartilage signal and bright fluid signal [18].
Newer 3D FSE and 3D multi-echo gradientecho sequences further improve this distinction
[19]. Other novel technologies include delayed
gadolinium-enhanced MRI for cartilage
(dGEMRIC). dGEMRIC is sensitive to glycosaminoglycan distribution in cartilage and allows
visualization of areas of glycosaminoglycan
depletion; however, it requires a double-dose IV
contrast injection. Other techniques include T2
relaxation time mapping, which is sensitive to
the cartilage–collagen matrix and water distribution within the articular cartilage, and T1rho
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mapping which is sensitive to cartilage proteoglycan depletion [20, 21]. However, whether
symptoms correlate with imaging findings
should always be considered. A study in basketball players found that 47.5% of the 40 knees
included in the study had asymptomatic cartilage lesions on MRI.

32.2.5 Diagnostic Arthroscopy
The most accurate test for diagnosis and grading
of an FCD is diagnostic arthroscopy. This allows
for visualization of the cartilage defect and allows
for determination of lesion size, grade, and location. There are two main grading systems for cartilage defects. The first is the International
Cartilage Repair Society grading system (ICRS)
[22]. This cartilage grading system ranges from a
score of 0 to 4 based on the depth of the defect
from nearly normal to penetration beyond the
subchondral bone. The other commonly utilized
grading system is the Outerbridge cartilage score,
which is based on the appearance of the cartilage
defect, including the presence of swelling, fragmentation, and erosion [23]. The findings on
diagnostic arthroscopy including the severity,
size, depth, and location of the lesion will dictate
next steps in treatment.

32.3

Conservative Management

Conservative management is generally the initial
approach and is used in patients with mild symptoms or small lesions as its goal is to reduce
symptoms instead of reversing or fixing the
underlying lesion [24]. Types of conservative
treatment include analgesics, chondroprotective
agents (glucosamine, chondroitin), steroid injections, physical therapy, and knee bracing, and
these are especially useful mid-season to allow
for players to return to play with symptomatic
relief [25]. However, activity modification is also
recommended as part of conservative management, which may be a challenge in basketball
players. Studies on the role of conservative management in athletes is limited, with one study
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showing that 22 of 28 athletes had successful
results of conservative treatment but continued to
have radiographic chondral abnormalities at follow-up 14 years later [25]. Therefore, depending
on the size of the defect, surgery, where return to
sport has been studied, may be preferred in high-
level athletes when conservative treatment fails.

32.4

Surgical Treatment

Limited literature is available regarding a treatment algorithm specific to basketball players or
even athletes in general. Thus, the best way to
treat these injuries in this patient population is to
treat them the same as in the general population, while managing expectations. Special attention should be given to data showing return to
sport after the various cartilage procedures in both
basketball players and other professional athletes,
although understanding of the sport and season
timing is necessary to determine the aggressiveness of treatment at that time. Surgical treatment
is generally utilized in patients who are symptomatic, have an acute injury, have loose bodies, and
those who fail conservative treatment. There are
three main categories of surgical treatment: palliative (debridement and chondroplasty), reparative
(microfracture and other bone marrow stimulating techniques), and restorative (MACI, OCA,
OAT). The main considerations in deciding on the
proper surgical procedure for a cartilage lesion
depend on the lesion size, age, and activity level.
However, other specific patient factors such as
comorbidities and past surgical history also play a
role in this decision. In athletes in particular,
activity and return to sport ability must be considered. A systematic review analyzing the return-tosport rates in 1469 athletes found that
return-to-sport rates range from 68% in microfracture to 91% in OAT, 74% in ACI, and 84% in
OCA. This data is crucial in considering surgical
procedural type in a basketball player [26].
The first consideration for the indication of the
surgical procedure is cartilage lesion size.
Lesions less than 2 cm are typically first addressed
with debridement (abrasion chondroplasty) and
potentially bone marrow-stimulating techniques,

such as microfracture (which can be augmented
with other biological treatments or scaffolds).
OAT is also often used for this subset of patients
where the chondral lesion is small, especially in
those with higher activity levels [27]. As lesions
become greater than 2.5 cm, these can be treated
with OCA and MACI. Debridement is generally
the first-line treatment, especially in lesions
<2 cm and if there are flaps or loose tissue [28]. If
a rapid return to basketball is necessary, players
can undergo a less aggressive procedure such as
chondroplasty with a potentially more aggressive
procedure, as needed, during off-season.
However, this choice greatly depends on the time
of the season. If the initial treatment fails, then a
more aggressive procedure may be considered.
MACI is also more appropriate in those with
shallow lesions, especially in the patellofemoral
joint (as it is easier to match the shape of the
patellofemoral joint) and is thus particularly relevant to basketball players. Newer ACI techniques such as matrix-induced ACI (MACI) can
also be used. In addition, OAT or OCA are the
suggested treatment in patients with damage to
subchondral bone, as these procedures replace
the whole osteochondral unit. Osteochondral
treatment also gives the benefit of structurally
normal cartilage placed immediately for faster
return to sport and time to weight-bearing.
The second consideration is defect location. In
basketball players, lesions in the patellofemoral
area have been reported to be the most common
[9]. However, lesions can also occur on the femoral condyles and tibia. OCA has been shown to
provide successful results when used for lesions
of the femoral condyles or trochlea [28, 29]. In
addressing patellofemoral joint lesions and isolated lesions of the patella, ACI, MACI, and OCA
have been found to have successful results in
numerous studies [30–33]. The most difficult
location to adequately treat is lesions on the tibia.
Microfracture and local biological augmentation
can be used; otherwise, OATs placed in a retrograde manner can be utilized with caution.
Other concurrent issues that must be taken into
consideration include ligament pathology,
malalignment, and meniscus deficiency. In cases of
ligament pathology or meniscus deficiency, a liga-
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ment reconstruction or meniscal excision or repair
can occur concomitantly with the cartilage procedure. In patients with malalignment, an osteotomy should be considered. An osteotomy, such
as a high tibial osteotomy or a distal femoral osteotomy, can be utilized in patients with varus or
valgus malalignment, respectively. Furthermore,
an anteromedialization, an osteotomy of the tibial tubercle, can be utilized in patients with patellofemoral chondral defects [34].

32.5

Surgical Techniques

32.5.1 Abrasion Chondroplasty
Chondroplasty is one of the most frequently performed arthroscopic procedures. The goal of chondroplasty is to smooth over areas of fragmented
and damaged cartilage. This can be performed
with a curved shaver that allows for the ability to
reach most areas of the knee. The tip of the shaver
is then used to gently remove unstable cartilage
and the calcified cartilage layer within the cartilage defect while care is taken to not disturb
healthy cartilage and underlying subchondral bone
[35]. Specialized curettes, such as a D-curette or
ring curette, can also be utilized in this situation.

32.5.2 Marrow Stimulation
Microfracture was originally developed by
Steadman et al. over 20 years ago to treat small
chondral defects [36]. The goal of marrow stimulation is to stimulate cartilage defect healing with
pluripotent progenitor cells, cytokine, growth
factors, and proteins from within the bone marrow. During this procedure, multiple small holes
are made in the subchondral bone to stimulate the
cartilage (Fig. 32.1). When performing this procedure, the first step is an examination under
anesthesia followed by a 10-point arthroscopy to
examine all surfaces of the knee joint and to
ensure that only a localized lesion is present.
Then the next step is to prepare the osteochondral
defect, removing any flaps, and debriding the sur-

Fig. 32.1 Intraoperative image illustrating marrow stimulation to medial femoral condyle

rounding area the same way as in an abrasion
chondroplasty down to the subchondral bone
including the calcified cartilage layer. Once this
is removed, a microfracture drill using Kirschner
wires, fluted drill, wires, or angulated awl is used
to create holes 2–4 mm apart, releasing the underlying bone marrow cells into the cartilage defect
which can be observed [37, 38]. In addition,
nanofracture techniques, which utilize a smaller
diameter drill are still being investigated [39].
Newer iterations of marrow stimulation are
still being investigated. These newer procedures
augment the same microfracture procedure with
additional biologics, such as bone marrow aspirate concentrate (BMAC) or platelet-rich plasma
(PRP). However, whether these additions provide
any long-term benefit in patient outcomes still
remains unclear [40, 41].

32.5.3 Osteochondral Autograft
Transplantation (OAT)
OAT is generally indicated for patients who have
smaller higher-grade lesions and are younger and
more active. OAT is performed by removing a
small area of healthy cartilage in an area of the
joint that is mainly non-load-bearing and placing
it into the chondral defect, which can be per-
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formed either open or arthroscopically. In surgery, the patient is positioned supine or the limb
can be placed in a leg holder with a tourniquet
and an examination under anesthesia is performed. A small parapatellar vertical portal incision is then made, and a diagnostic arthroscopy is
performed to examine the cartilage surface.
During diagnostic arthroscopy, the cartilage
defect area is surveyed with a probe to determine
defect size and confirm no other cartilage injuries
are present.
At the cartilage defect location, a guide pin is
placed in the center of the cartilage defect, perpendicularly. A cannulated reamer is then placed
over the guide pin, and the guide pin is subsequently removed. The depth of the lesion is measured with a cannulated dilator.
The area of which to harvest the healthy cartilage from is predetermined using MRI. Graft harvest sizes are 6, 8, or 10 mm. Commonly, the harvest
graft is taken from the lateral trochlea and lateral
femoral condyle. An appropriately sized harvester
is then placed perpendicular to the graft harvest
location and is inserted into the subchondral bone to
a depth of 10–15 mm with a mallet. The harvester is
then axially loaded and turned 90° clockwise, then
counterclockwise before being removed. A mallet is
then used to fragment the graft from the surrounding cartilage, and the plug is removed. The graft is
then inspected, with any bony debris removed, and
shaved so that it is 1 mm shallower than the cartilage defect. The graft is then replaced into the joint
and is gently tapped into place.

32.5.4 Osteochondral Allograft
Transplantation (OCA)
OCA is often used in patients with larger (>2 cm)
lesions. In the operating room, the patient is positioned supine with a tourniquet. The procedure
begins with a knee examination under anesthesia.
A lateral or medial parapatellar incision is then
made to access the FCD. There are two general
techniques that exist for OCA: cylindrical press-
fit plugs or free-shell grafts. Whichever technique
is used, donor tissue must be size matched to
individual patients based on X-ray, CT, or MRI
measurement.

H. P. Huddleston et al.

Fig. 32.2 Intraoperative image illustrating an osteochondral allograft transplantation to lateral femoral condyle

In the dowel grafting technique, a dowel of
similar size to the cartilage lesion is selected. A
guidewire is positioned using sizers into the center of the cartilage defect, and the dowel and the
socket are drilled to a depth between 5 and 6 mm.
The allograft is harvested to the desired size
using a reamer from a matching zone and is
inserted into the defect [42, 43]. This press-fit
technique is often preferred as it eliminates the
need for additional fixation (Fig. 32.2). In contrast, in the free-shell technique, a donor graft is
matched to the defect site, inserted, and fixed
with screws.
Larger defects often require the use of multiple plugs in what is termed “snowman technique” or “mastercard technique.” This involves
placing and fixing the first plug, then drilling a
second recipient site adjacent to, or partially
over the first defect. However, based on prior
studies, the snowman technique has been shown
to provide inferior results compared to a oneplug technique [43, 44].

32.5.5 Autologous Chondrocyte
Implantation (ACI)
Autologous chondrocyte implantation occurs
over the course of two procedures with ex vivo
chondrocyte expansion between procedures.
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which is when a preformed biodegradable porcine type I/III matrix is utilized as a scaffold
for the collected and cultured chondrocyte
cells. In this procedure, the matrix is inserted
into the defect and then fixated to the surrounding cartilage with fibrin glue without the need
for suturing.

32.5.6 Novel Techniques

Fig. 32.3 Intraoperative image illustrating an autologous
chondrocyte implantation on the patella

The initial procedure is a diagnostic arthroscopy
with cartilage biopsy. During this procedure, the
lesion size and grade are examined, and 200–
300 mg of articular cartilage is harvested from a
non-loading bearing surface of the knee. The
collected cartilage is then processed via an
enzymatic digestion process and is then cultured
for 3–6 weeks.
In the second procedure, the harvested chondrocytes are reimplanted into the defect
site (Fig. 32.3). It begins with the patient supine
with a tourniquet applied. The defect is then
debrided with a round-eyed sharp curette to
expose subchondral bone. The original ACI
technique involves a periosteal flap being sewn
over the defect, followed by the injection of
cultures chondrocytes 
underneath the flap
(ACI-P), where the flap is harvested from the
proximal-medial tibia [45–47]. In contrast, in
ACI-C, a synthetic collagen membrane is used.
In either case, the flap is positioned over the
cartilage defect and sutured into place using 6-0
Vicryl. After the flap is checked to ensure a
watertight seal, the cultured cartilage cells are
then injected into lesion. In addition, a newer
“sandwich” technique with autologous bone
grafting can also be utilized, especially in
patients with OCD [48].
A newer iteration of the ACI is an alternative technique called matrix ACI (MACI),

Newer techniques include autologous and allogenic minced cartilage (such as De Novo, biocartilage, and cartiform), which are similar to an MACI
in that a collagen-chondrotoin scaffold is used to
model cultured chondrocytes [49, 50]. Minced
cartilage can be utilized instead of cultured chondrocytes. In this case, only one procedure is needed
as the cartilage is harvested and reimplanted in the
same procedure [50]. In addition, fibrin glue is
used to attach the minced pieces of cartilage
together and attach the flap in addition to sutures to
ensure fixation to the underlying subchondral bone
[51]. A cartiform allograft is a cryopreserved
osteochondral allograft scaffold that can be used
as an alternative to ACI and, similarly to minced
cartilage, can be implanted with fibrin glue.
Biocartilage is a cartilage scaffold that is hydrated
with PRP and can be used to fill defects after a
microfracture procedure. All of these newer techniques have limited data supporting their superiority compared to traditional techniques. Future
studies are needed to evaluate the benefits and
shortcomings of these newer technologies.

32.6

Rehabilitation

32.6.1 Patellofemoral
Rehabilitation for patients who undergo patellofemoral cartilage procedures varies by institution. However, it often includes cryotherapy,
elevation, and a brace immediately after surgery.
Progressive passive motion and weight-bearing
as tolerated can be implemented in the first few
days after surgery. Range of motion is then
increased with a goal of 90 degrees of flexion in
the first 2 or 3 weeks [52].
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32.6.2 Tibiofemoral
Patients who undergo cartilage repair of the tibiofemoral joint undergo multiple phases of postoperative rehabilitation. During the first phase, until
1 week postoperative, weight-bearing is restricted
to less than 20% of body weight, range of motion
(ROM) is restricted from 0 to 30°, and a protective knee brace is used at all times. Patients can
progress to full passive motion within 1 week of
surgery and then full active range of motion by
3 months post operatively. At 3 weeks patients
are allowed to be fully weight-bearing while a
brace is utilized until around 3 months postoperatively [53].

32.7

Clinical Outcomes

When deciding on which surgical procedure to
use in a basketball player with a chondral
defect, outcomes and ability and time to return
to sport are of critical importance. Patient
understanding and expectations should also be
formed by providing all available data on outcomes of cartilage procedures in basketball
players and other athletes as outcomes specific
to basketball players remain limited. An individual approach should be taken when evaluating return to play as multiple factors influence
it beyond surgical choice such as age (>30 years)
and BMI (>27 kg/m2) [54]. Furthermore, as
elite jumping athlete basketball players are
unique from athletes in non-jumping sports,
and this should be considered.

microfracture compared to those who undergo
ACI at 5- and 10-years postoperatively [55, 56].
In comparison to other sports, basketball players have been shown to have inferior results
after microfracture [57].
Three studies have evaluated the success of
microfracture in basketball players. The first
study evaluated 24 NBA players who underwent
microfracture surgery [58]. Sixty-seven percent
of the players returned to play after the microfracture procedure. However, abilities after
return to sport were found to be decreased compared to preoperatively in terms of both points
scored and minutes played. In addition, the
study found that patients were 8.15 times less
likely to remain in the NBA after the index year.
In the second study, 41 NBA players were evaluated after microfracture procedure [59].
Eighty-three percent of these players returned to
professional basketball after an average of
9.2 months (4.32–14.08 months). Compared to
their preoperative abilities, those who did return
to sport had a significantly decreased points
scored and steals per game. Furthermore, compared to other NBA players at a similar time
point in their career, microfracture patients had
significantly fewer points scored per game,
games played per season, and free throw percentages. The third study of 24 professional basketball players found that 79% of patients
returned to sport and mean time to returning was
30 weeks. However, on average their player efficiency rating deceased by 2.7 and their minutes
per game decreased by 3 after surgery [60].

32.7.1 Microfracture

32.7.2 Osteochondral Autograft
Transplantation

Microfracture in basketball players is the most
well-studied cartilage procedure with no prior
reports on outcomes of isolated chondroplasty
in basketball players. Outcomes of microfracture in the general population have been positive. For example, Weber et al. found a
statistically significant increase in all patientreported outcomes (PROs) after a mean followup of 5.7 years. Furthermore, similar results
have been shown in patients who undergo

Osteochondral autograft transplantation has shown
success, especially in terms of percentage of players who return to sport. In the general population,
OATs has been shown to provide significant benefit in 72% of patients at a mean of 10.2 years of
follow-up [61]. An additional study evaluated
short- to mid-term outcomes in 112 patients who
underwent OAT and found that both the VAS pain
(7.14 ± 0.19 vs. 3.74 ± 0.26) and WOMAC
(134.88 ± 5.84 vs. 65.92 ± 5.34) significantly
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improved at a mean follow-up of 26.2 ± 0.24 months
[62]. In comparison to microfracture, a meta-analysis showed that OAT results in a lower risk of
failure (11% vs. 32%) and a higher level of patients
who return to activity [63].
Furthermore, OAT has been shown to have a
higher rate of patients who returned to sport when
comparing procedure type: between 89% and
94% [27, 64, 65]. A systematic review found that
based on seven articles, the mean time for return
to competition after OAT was 5.6 months
(3–14 months) [65, 66]. No study specifically
investigated the return-to-sport rate and time in
basketball players.

32.7.3 Osteochondral Allograft
Transplantation
Osteochondral allograft transplantation has been
demonstrated to be a successful procedure in
both the general population and among athletes.
After a mean of 12.3 years of follow-up 75% of
patients demonstrated significant improvement
in clinical outcomes [66]. A systematic review
demonstrated that survivorship was 86.7% at
5 years and 78.7% at 10 years [67–69]. In the
general athletic population, return to sport was
seen in 72–82% of patients at a mean of
11 months [64, 69–71]. One study evaluated the
return to sport in basketball players. The study
consisted of 11 basketball players with a total of
14 chondral lesions, the overall rate of return to
sport 80%, and the average time to return to play
14 months (6–26 months). The average lesion
size was 509 mm2 [2] and the location of the
lesion varied and included the femoral condyle,
trochlea, and patella. Furthermore, this study
found that there was no significant decline in
athletic performance after return to sport [72].

32.7.4 Autologous Chondrocyte
Implantation
Autologous chondrocyte implantation has been
shown to have successful outcomes. One study
evaluated a cohort of patients at a mean 6.2 years
follow-up, and all patients demonstrated significant
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improvements in pain and function [73]. Kaplan–
Meier survival analysis revealed that the survival
rate was 78.2% at 5 years and 50.7% at 10 years.
In terms of return-to-sport outcomes, two systematic reviews have found that return to sport
ranges from 82% and 84%, respectively [27, 64].
An additional study found a rate of 73%; however, they found that duration and frequency of
exercise significantly decreased postoperatively.
An additional study found that 64.5% of patients
were able to return to sport at a competitive level
[74]. They also showed that previous surgery was
the biggest factor that dictated return to sport
level in their cohort. No studies investigated the
return to play after ACI in basketball players.

32.8

Conclusion

Focal chondral defects are common in athletes,
especially basketball players. Symptomatic
lesions can be addressed with conservative
measures initially, but often surgical intervention is necessary but will depend on where the
player is in the season. A range of surgical procedures are used based on chondral size and
location, including abrasion chondroplasty,
microfracture, OCA, OAT, and ACI. While
microfracture has been the most studied technique in basketball players, OAT has been
shown to have the highest rate of return to sport
in all athletes, although the literature remains
limited. Future studies are needed to evaluate
other cartilage procedures specifically in basketball players.
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Introduction

In adolescent basketball players, injuries about
the knee can be divided into acute traumatic injuries and non-traumatic overuse injuries. These
injuries vary in severity, treatment, and length of
time away from activity. Chronic, overuse injuries are increasingly common as young athletes
commit to a single sport earlier and earlier [1].
Acute traumatic knee injuries are often more
severe and can be divided into ligamentous injuries, extensor mechanism injuries, meniscal injuries, and chondral injuries.

33.2

 nterior Cruciate Ligament
A
Injuries

Anterior cruciate ligament (ACL) injury is by far
the most common ligamentous injury in this population that requires surgical intervention, with
higher rates in female than male athletes [2, 3]. The
prevalence of ACL injuries in basketball is second
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only to soccer in adolescent female athletes
(4.58%). For adolescent male basketball athletes,
the proportion is slightly lower (2.74%), behind
football and soccer [4]. Approximately 70–80% of
these injuries are non-contact cutting or pivoting
injuries, with approximately 70% of patients feeling or hearing a “pop” at the time of injury. This is
accompanied by subsequent pain, swelling, and
instability in the knee. Often, players are able to
bear weight following ACL injury. Female athletes
have a twofold to fourfold higher risk of ACL
injury with potential contributing factors including
biomechanics, alignment, neuromuscular control,
hormonal differences, and strength [5–8].
Injury history and physical examination are
key to the diagnosis of acute and chronic ACL
injuries. An acute knee injury followed by a knee
effusion should be carefully evaluated for ligamentous stability as 63% of patients aged
7–18 years with a hemarthrosis were found to
have ACL tears [9]. Although examination of an
injured knee in a pediatric patient can be more
difficult than that of an adult, it is important to
assess active and passive range of motion, joint
laxity in all planes, presence of an effusion, and
pain with palpation of the joint line, physeal
plate, and collateral ligaments [10]. Specifically,
for ACL injury, dynamic tests including the
Lachman and the pivot-shift should be performed and compared to the contralateral side.
The Lachman test is the most useful diagnostic
test for acute ACL injuries [11]. To perform this
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test, the knee is flexed to 30°, and the distal
femur is held securely by one hand, while the
examiner translates the tibia anteriorly with the
other hand. The lack of a solid endpoint and the
sense of increased anterior translation compared
to contralateral side indicate a positive Lachman
test and the presence of ACL injury. The pivotshift test is pathognomonic and specific for ACL
injury; however, it can be difficult to execute in
an acutely injured, swollen, and painful knee.
The pivot-shift test begins with the injured hip
slightly abducted and the knee in full extension.
The examiner then flexes the knee while applying a valgus and internal rotational load. A positive test occurs when the tibia reduces
posteriorly (from the anteriorly subluxated
position) with a visible shift seen at the lateral
joint line, as the knee is brought from extension
into flexion [12, 13].
Standard radiographs are useful in the acute
setting to rule out fracture. The most common
fracture noted is the Segond fracture, or small
fleck of bone off the proximal lateral tibial plateau that represents avulsion of the lateral capsular ligament, or anterolateral ligament. Tibial
spine avulsion fractures can be seen on plain
radiographs, and should be carefully identified as
their treatment paradigm is somewhat different
than ligamentous ACL injuries. Additionally, in
skeletally immature patients, radiographs should
be evaluated for presence of open physes, which
have implications for surgical reconstruction
options. When skeletal maturity is in question,
clinicians can obtain radiographs of the left hand
and wrist to establish the bone age of the patient
[14, 15]. Although an MRI is not required for the
diagnosis of an ACL tear, it is routinely obtained
to assess for concomitant ligamentous injury,
meniscal injury, and chondral injury to assist in
surgical planning.
The treatment of ACL tears in the adolescent
athlete is primarily surgical. Although non-
surgical treatment including rehabilitation,
strengthening, activity modification, and functional bracing is possible, in general it is not indicated for young, active athletes with a desire to
return to sport [16]. The risk of recurrent instability, chondral damage, meniscal injuries, and
arthritis with non-operative management of ACL
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tears generally make surgical treatment a more
attractive option in young patients [10, 17]. There
are many different techniques for ACL reconstruction, as well as multiple possible graft types,
including autologous bone-patellar tendon-bone,
autologous hamstring tendons, autologous quadriceps tendon, and allograft tissue. Autograft tissue is most often used in adolescent as multiple
studies have shown significantly higher allograft
failure rates (20% vs. 6% in autograft) in patients
under 18 year of age [18, 19]. Additionally, recent
studies have shown increased failure rate of hamstring autograft in the adolescent athlete population as compared to BTB and quadriceps tendon
grafts [20, 21].
A decision to proceed with surgical management of ACL tears in the adolescent athlete
requires special attention to surgical technique,
graft type, and presence of open physes [10, 22].
Multiple studies have shown risk of growth disturbance or arrest with large tunnels passing
through the growth plate [23–28]. As a result,
various techniques have been developed to minimize risk of physeal injury in skeletally immature
patients. For skeletally immature patient, Tanner
stage 1 or 2, a physeal-sparing approach to ACL
reconstruction is preferred utilizing iliotibial
band autograft [29, 30]. Alternatively, intra-
articular, all-epiphyseal ACL reconstruction
techniques with hamstring autograft have been
used to better restore intra-articular anatomy;
however, a risk of physeal injury persists with
these techniques [31–33]. For athletes nearing
skeletal maturity, or Tanner stage 3, partial (physeal respecting on the femur and transphyseal on
tibia) or fully transphyseal techniques with all
soft tissue autografts (often hamstring) are utilized. These techniques pay special attention to
avoiding hardware placement across the physis,
minimizing tunnel size and obliquity across the
growth plate to ensure vertical angulation and
limit area of physeal impact (ideally <5%) and
decrease risk of growth disturbance [34–37].
Finally, for athletes nearly at skeletal maturity,
adult ACL reconstruction techniques can be utilized with the similar graft type (BTB autograft,
quadriceps tendon autograft, or hamstring autograft) and surgical technique (all-inside, anteromedial, or transtibial placement) options [10, 38].
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Fact Box 1: Surgical Decision-Making: ACL Reconstruction
Status of growth
plates
Open

Open

Nearing/at
skeletal maturity

Tanner
stage
ACL reconstruction
1,2
Physeal sparing
 • Micheli ACL reconstruction with ITB autograft
 • Intra-articular, all-epiphyseal with soft tissue autograft ACL reconstruction
3
Physeal-respecting
 • Partial transphyseal (femoral all-epiphyseal, tibial transphyseal)
 • Transphyseal with focus on small, vertical tunnels
 • Avoidance of implant or bone blocks across the physis
4,5
Physeal-ignoring
 • Adult ACL reconstruction
 • Graft and technique of choice

In lieu of ACL tears, skeletally immature athletes, most commonly age 8–14 years, can sustain tibial spine or eminence fractures via the
same injury mechanism with an estimated frequency of 3 in 100,000 [39]. Similar to ACL
tears, the athletes who sustain these injuries
develop an immediate effusion, pain, and instability of the knee. Unlike the purely ligamentous
ACL injuries, these patients are often unable to
bear weight and hold the knee in a flexed position with limited ROM [40]. Standard radiographs of the knee (AP and lateral) often
demonstrate the displaced tibial spine fragment
and are often adequate for diagnosis and treatment. If advanced imaging is indicated and concomitant injury is suspected, MRI is often
utilized as the radiation exposure from CT scan
is a concern in this age group [40, 41].
Classification of tibial spine fractures includes
the initial description of type I–III fractures and
addition of type IV fracture [40, 42, 43]. Type I
fractures are nondisplaced fractures with excellent bony apposition, which can be treated nonoperatively with long-leg casting for 4–6 weeks,
followed by progressive weight-bearing, range
of motion, and eventual strengthening [40, 44].
Type II represents a partial displaced fracture,
with superior displacement of the anterior aspect
of the fragment, but maintenance of an intact
posterior hinge, creating a beak-like appearance
of the fracture on lateral radiographs.
Occasionally type II fractures can be treated
non-operatively with the reduction of fracture
and long-leg casting, if displacement in <5 mm.

Type III fractures are completely displaced fracture, with subtype IIIA involving fracture of only
the ACL insertion, while type IIIB are displaced
and rotated fracture. Type IV fractures consist of
displaced and comminuted fragments. For type
II fracture unable to be adequately reduced, as
well as type III and IV fractures, surgical intervention is indicated [40]. Surgical management
consists of open or arthroscopic reduction and
internal fixation of the fracture (Fig. 33.1). Knee
arthroscopy is often indicated to evaluate for any
entrapped meniscal or concomitant meniscal and
chondral or ligamentous injury. Up to 40% of
these injuries have associated meniscal, collateral ligament, and chondral injuries which can
impact treatment [45]. These injuries can be
complicated by loss of motion, arthrofibrosis,
growth arrest, and persistent ACL laxity.
Postoperative rehabilitation of these injuries is
similar to that of nonsurgical patients. The knee
is placed in a hinged knee immobilizer, locked in
extension with toe-touch weight-bearing for the
first 4 weeks, with progression to full weightbearing by 6 weeks. The brace is discontinued at
around the same time when full extension is
achieved. Physical therapy is initiated at 2 weeks
post-surgery and at 6 weeks progresses with the
range of motion, subsequently following an ACL
reconstruction protocol [40].
Much research has been conducted on rehabilitation following ACL reconstruction in the
adult population, and although protocols vary
widely, most protocols aim to address range of
motion, strength, and neuromuscular deficits
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a

b

Fig. 33.1 (a) Arthroscopic image of tibial spine avulsion fracture at the time of surgery. (b) Arthroscopic image of
tibial spine fracture after reduction and fixation with suture

over the course of 6–9 months to achieve limb
symmetry as well as to allow appropriate graft
healing time before allowing athletes to return
to play. Most authors advocate that athletes
complete objective return-to-sport testing prior
to clearing them for play. Less research has
been done on specific rehabilitation protocols
and return to sport in the adolescent patients,
but multiple recent studies have shown graft reinjury and contralateral re-tear rates to be
remarkably common in children and adolescents, with rates as high as 35% when considering both knees [46–49]. For these reasons, these
authors recommend that patients undergo
supervised physical therapy following the rehabilitation protocol seen in Table 33.1 and
return-to-sport testing for adolescent athletes
following ACL reconstruction.
Safe return to basketball following ACL
reconstruction can be considered for the adolescent athlete at a minimum of 6 months post-
operatively, but optimally at least 9 months
post-op, when the athlete demonstrates full
range of motion and symmetric isokinetic
strength and has passed a battery of physical performance tests (PPTs). Multiple studies have
demonstrated significant, incremental decrease
in graft re-tear rate in adolescent athletes when
return to play is delayed each month after

6 months post-op [47, 50]. At our institution, an
evidence-based strength, balance, and neuromuscular testing protocol is followed that
includes nine common PPTs (described in
Table 33.2 and Appendix), which an athlete must
pass prior to being cleared to return to sport.

33.3

Posterior Cruciate
and Collateral Ligament
Injuries

Less commonly, adolescent athletes can sustain
isolated posterior cruciate ligament (PCL), posterolateral corner (PLC), or multiligamentous
knee injuries [1]. In fact, isolated PCL injuries
are much less common than those with concomitant posterolateral corner (PLC) or other ligamentous injuries [51, 52]. In the case of PCL
injuries, athletes often report vague knee pain,
stiffness, swelling, or discomfort with activities
requiring higher levels of knee flexion and less
commonly recall hearing a “pop” [51]. The evaluation of these injuries is similar to that of ACL
injuries, but the provider must perform specialized physical examination testing including posterior drawer, posterior sag, quadriceps active
test, varus testing, valgus testing, and dial testing, in addition to a normal knee examination
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Table 33.1 Pediatric ACL reconstruction rehabilitation
Weight-bearing
0–2 weeks: PWB
with crutches
3–6 weeks: WB as
tolerated
if concomitant
meniscal repair toe
touch WB with
crutches 0–6 weeks

Brace
0–2 locked in
extension
Week 2
unlocked
0–90° with
ambulation
May remove
for sleeping

Range of motion
As tolerated
Goal
1 week:
Symmetrical
hyperextension to
contralateral side
90° flexion
6 weeks: Goal
Symmetrical ROM

Full WB

D/C PO brace
at 6 weeks

Full ROM

Phase 3
Full
12–24 weeks

Functional
brace

Full

Phase 4
6–8 months

Full

Functional
brace

Full

Return to
Full
sport criteria

Functional
brace

Full

Phase 1
0–6 weeks

Phase 2
6–12 weeks

Exercises/strength
∗SLR for quad activation and prone
hangs for hamstring stretching
Week 2: Strengthening may begin with
closed chain exercises. Leg press when
ROM is greater than 90 degrees of
flexion and quadriceps control
improves. Hip and core strengthening
involving PREs
Proprioceptive exercise. Rocker board
and balance exercise may commence
when they are able to bear 50% or more
weight. Mini squats and other
balancing exercises
May begin pool therapy
Continue to progress strengthening
from phase 1 adding unilateral strength
and balancing exercises
Retrograde treadmill walking to assist
with quadriceps strengthening
Stretching of quadriceps, abductors,
hamstrings, and calves
Straight ahead jogging
Begin plyometric training focus on
proper jumping and landing techniques
Can move on to lateral jumping once
proper technique for vertical has been
demonstrated
Week 16: Functional exercises may
begin along with agility training
Week 20: Full speed drills and running
Cutting, pivoting, accelerating, and
decelerating drills
Dynamic sport drills
Advanced agility and plyometric
training drills
Symptom-free running
Confidence with jumping and landing
(double and single leg)
Pain-free activities
Ability to confidently perform cutting
and lateral movements and decelerate
and change directions
Functional sport test with good results

Rehab is delayed with concomitant meniscal repair procedure. RTS with MD clearance, only after functional sport test
and all deficiencies are addressed

battery. Additionally, a comprehensive neurovascular examination should be included, as multiligamentous knee injuries effectively represent
knee dislocation events. Standard knee radiographs (AP, lateral, tunnel/notch views) should
be obtained, with the addition of lateral stress
radiographs to quantify posterior tibial translation. MRI should also be obtained to evaluate

extent of injury and presence of concomitant
pathology. Isolated PCL injuries can often be
treated non-operatively with a hinged knee brace
followed by physical therapy and functional
bracing with sport. Operative management of
PCL, PLC, and multiligamentous knee injuries
is exceedingly rare in adolescents and is beyond
the scope of this text [52].
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Table 33.2 Description of the neuromuscular testing protocol
Order
1
2
3

Task
Single-leg squat (flat)
Single-leg squat (Bosu)
Single-leg squat (flat)

4

Single-leg squat (Bosu)

5

Quadrant hop clockwise

6

Quadrant hop
counterclockwise
Single-leg hop for distance
6 m timed hop
Triple crossover hop for
distance

7
8
9

Description
See descriptions/images in
Appendix

Collateral ligament injuries—medial collateral ligament (MCL) or lateral collateral ligament (LCL)—can also occur in the adolescent
basketball player. These can occur in isolation
but frequently occur in conjunction with ACL,
PCL, or multiligamentous knee injuries. When
injured, players often complain of knee instability, pain, and difficulty with athletic maneuvers.
These collateral ligament injuries are diagnosed
and graded based on physical examination testing, with the examiner assessing varus and valgus stability in extension and 30° degrees of
flexion. Although physical examination is very
helpful in diagnosing medial collateral ligament
sprains in particular, true isolated LCL sprains
are rare and often represent ACL tears. As such,
MRI can be obtained for diagnostic and prognostic purposes. The vast majority of these injuries, whether isolated or in conjunction with
other ligamentous injuries, can be treated nonoperatively with hinged knee brace with concomitant physical therapy. In fact, non-operative
management of MRI-confirmed isolated grade
III LCL tears in the NFL resulted in a more
rapid return to play than operative management
[53]. Surgical management of high-grade isolated MCL injuries remains controversial and
often hinges on failure of non-operative management [54].

33.4

Scoring metric
Time (s) (60 s max)
Time (s) (60 s max)
No. of repetitions in
60 s
No. of repetitions in
60 s
No. of repetitions in
30 s
No. of repetitions in
30 s
Distance (cm)
Time (s)
Distance (cm)

No. of trials/
limb
2
2
2
2
2
2
3
3
3

Extensor Mechanism Injuries

Acute extensor mechanism injuries in the adolescent basketball player consist of patellofemoral
instability events, patellar sleeve avulsion fractures, and tibial tubercle avulsion fractures.
Although less common than acute knee ligamentous injuries, these extensor mechanism injuries
are a particular risk in basketball due to the athletic demands of jumping.

33.4.1 Patellar Instability
Unlike chronic patellofemoral instability
events which are often associated with
repeated low-e nergy patellar dislocations or
subluxations in the setting of malalignment
or dysplasia, acute patellofemoral instability
events usually result from trauma to the
knee. Patellofemoral dislocation is a common injury in the pediatric patient, with a
rate of 29 per 100,000 patients from 10 to
17 years [55]. Equal by gender, these acute
dislocations often occur in knee-to-knee collisions in basketball. Occasionally, they can
happen in a noncontact, twisting injury with
the knee extended and the foot externally
rotated.
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On initial physical examination, these
patients develop a large effusion, tenderness to
palpation at the medial patellofemoral ligament
(MPFL) insertion as well as the medial facet of
the patella, patellar apprehension and moving
apprehension, and increased passive patellar
translation laterally. The physician should also
make note of limb alignment, the quadriceps
angle or “Q” angle, general laxity, and presence
of a “J” sign as these are risk factors for patellofemoral instability and play a role in treatment algorithms [56]. These dislocations often
self-reduce, as athletes usually reflexively contract the quadriceps muscle which reduces the
patella into the trochlea. As a result, these injuries can be missed as dislocations on initial presentation, so a high index of suspicion is
warranted. Further work-up consists of initial
knee radiographs including AP, lateral, merchant/sunrise views, as well as limb alignment
series, to evaluate for patella alta (e.g., InsallSalvati ratio or Caton Deschamps index), trochlear dysplasia (DeJour classification), and
valgus limb alignment. Additionally, MRI is
recommended to evaluate for concomitant
chondral defects, loose bodies, location of
MPFL tear, and determining tibial tubercle–
trochlear groove (TT–TG) distance.
Treatment of patellofemoral instability is
guided by many of the factors discussed above.
First-time dislocators, with no gross malalignment or chondral defects on imaging can be
treated with a short course (~6 weeks) of bracing (either hinged knee brace or patellar stabilizing brace) for comfort with concurrent
therapy focused on return to full range of
motion, followed by a course of physical therapy geared at strengthening of quadriceps, core
and hip musculature, and neuromuscular stability. Return to play is based on strength, neuromuscular stability and comfort and can be
achieved mostly by 10–12 weeks, but often
much sooner. Athletes may continue to use
patellar stabilizing sleeve or “J” brace for play.
Operative treatment of patellofemoral instabil-
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ity is considered for athletes with chondral
defects, loose bodies, and multiple dislocations
or subluxations.
Surgical options are myriad and, as in other
surgeries about the knee in adolescents, dependent on skeletal maturity as distal femoral and
proximal tibial physes as well as tibial tubercle apophysis are anatomically relevant in
patellofemoral instability surgery. In skeletally immature patients with significant limb
malalignment, use of surgical implants for
guided growth can be utilized in isolation or in
conjunction with the other procedures
described below [55]. Knee arthroscopy is
indicated for the evaluation of chondral surfaces and excision of loose bodies resulting
from dislocations. Medial patellofemoral
repair can be utilized in skeletally immature
patients as it does not require bone tunnels and
poses minimal risk to femoral physis; however, it is biomechanically inferior to both the
native ligament and MPFL reconstruction
[57]. MPFL reconstruction with hamstring
auto or allograft is indicated in recurrent instability, with multiple surgical techniques and
fixations methods described in the literature
[55, 58]. The use of isolated lateral release
was utilized historically, but is no longer considered standard of care. Lateral lengthening
is generally used in conjunction with MPFL
reconstruction or distal realignment procedure
and is reserved for cases with irreducible lateral tilt [55, 59]. Distal realignment procedures include tibial tubercle osteotomy with
anteromedialization (for elevated TTTG) or
distalization (for patella alta) in skeletally
mature patients as well as soft tissue reconstructions such as the modified RouxGoldthwait, Galeazzi, and Nietosvaara
techniques in the skeletally immature patient
[55]. Finally, trochleoplasty is often reserved
for revision cased in the setting of significant
trochlear dysplasia in a skeletally mature
patient, although the procedure is increasing
in popularity in the USA [60].
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Fact Box 2: Surgical Decision-Making: Patellofemoral Instability Treatment Options
Risk factor for instability Open growth plates
Closed growth plates
Recurrent dislocation
MPFL repair vs. conservative
MPFL reconstruction
management until skeletally mature
Valgus alignment
 • Instrumented guided growth Address other factors first, consider femoral
osteotomy in case of miserable malalignment
Tibial tubercle osteotomy with distalization
Patella alta
Soft tissue distal realignment
 
• Modified Roux-Goldthwait
 
• Galeazzi
 
• Nietosvaara
Tibial tubercle osteotomy with
Lateralization of tibial
Soft-tissue distal realignment
anteromedialization (AMZ)
tubercle (TT–TG > 20)
 
• Modified Roux-Goldthwait
 
• Galeazzi
 
• Nietosvaara
Severe trochlear
Conservative management until
Trochleoplasty
dysplasia
skeletally mature

Surgical treatment is followed by a course of
immobilization in a hinged knee brace of variable
duration depending on the procedure performed
and physical therapy focusing on restoring and
improving strength and neuromuscular control.
Objective return-to-play protocols in the postoperative period are scarce for these procedures,
but most surgeons release athletes for return at
6 months post-op.

33.4.2 Extensor Mechanism
Fractures
Patellar sleeve avulsion fractures and tibial tubercle avulsion fractures both represent rare injuries
representing less than 5% of knee injuries, but
can occur in the pediatric and adolescent basketball player [1]. Patellar sleeve fractures happen in
slightly younger athletes, aged 8–16 years, more
common in males than females, when patellar
ossification is nearly complete and represent a
separation of the cartilage “sleeve” from the
ossific nucleus of the patella. These avulsions
occur more commonly at the inferior pole, but
can also happen at superior pole of the patella.
These injuries result from a forceful contraction
of the quadriceps muscle applied to a flexed knee,
often representing a non-contact, indirect injury
to the knee [61]. Athletes present with severe
knee pain, swelling, large effusion, diffuse tenderness, high-riding patella in the case of distal
fracture, difficulty extending their knee against

gravity and resistance, and inability to bear
weight. Radiographs can confirm the diagnosis
by identifying patella alta or baja with small
flecks of bone adjacent to inferior or superior
pole. MRI or ultrasound may be indicated if the
diagnosis is unclear by physical examination and
radiographs. Rarely, non-operative treatment in
the form of a well-molded, long-leg cylinder
cases is indicated for athletes with non-displaced
fractures and an intact extensor mechanism [1,
62]. Open reduction and internal fixation followed by immobilization is indicated for the vast
majority of these patients [63]. Physical therapy
is commenced following immobilization, and
return to play is indicated at around 6 months
post-op when athlete has regained full strength,
mobility, and optimized neuromuscular control.
However, no established return-to-play protocol
or time frame exists in the literature for these rare
injuries.
Tibial tubercle avulsion fractures also represent rare injuries, comprising less than 1% of
pediatric fractures, but are seen most frequently
in the adolescent basketball player, more commonly in male than female athletes, aged from 12
to 15 years [64, 65]. These fractures occur
through the tibial tubercle apophysis with possible extension into the proximal tibial physis, and
are due to concentric contraction of the quadriceps muscles during jumping or eccentric contraction of the quadriceps during forces knee
flexion [1]. Physeal closure occurs at the proximal tibia from posterior to anterior and proximal
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to distal, meaning the tibial tubercle is the last to
fuse which accounts for the increased risk of
injury at this site in adolescent athletes as they
reach skeletal maturity. Athletes present with a
knee effusion, soft tissue swelling, decreased
range of motion, extensor lag, tenderness at the
tibial tubercle, and possibly difficulty bearing
weight after experiencing a sudden onset of pain
at the initiation of jumping or sprinting [65].
These fractures can be limited to the secondary
ossification near the insertion of the patellar tendon or when more severe can propagate proximally through the primary ossification center and
through the entire proximal tibial physis. These
fractures can be associated with patellar or quadricep tendon avulsion, meniscal tears, and preoperative compartment syndrome [66]. Standard
work-up includes radiographs with an internal
rotation view to bring the tibial tubercle in profile
and possibly a contralateral view for comparison
of the ossification centers in young patients. CT
scan can be obtained to evaluate for intraarticular
extension in more severe injuries. MRI in rarely
used, but can be obtained to evaluate for concomitant meniscal injuries. Often, these patients are
admitted for monitoring overnight after injury
due to elevated risk of compartment syndrome
due to injury to the nearby anterior tibial recurrent artery. Additionally, these injuries can be
complicated by recurvatum deformity, leg length
discrepancy, stiffness, bursitis, painful hardware,
or more significant vascular injury [66].
Non-operative treatment of tibial tubercle
fractures is reserved for injuries isolated to the
secondary ossification with minimal displacement (<2 mm) or those fractures with acceptable
alignment after closed reduction [64]. These are
treated in a well-molded long-leg cast in extension for 6 weeks, followed by progressive weight-
bearing and physical therapy. Operative
intervention is indicated for any displaced fractures and consists of open reduction and internal
fixation with possible knee arthrotomy or arthroscopy to evaluate for meniscal injury or intraarticular fracture extension. Following surgery, the
patient is kept overnight for compartment checks
and then kept non-weight-bearing in a long-leg
cast or knee immobilizer for 4–6 weeks, followed
by progressive weight-bearing, range of motion
and physical therapy. Return to play is initiated
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no sooner than 3 months after injury and should
be considered only after full, painless range of
motion, appropriate strength, and neuromuscular
control are achieved.

33.5

Meniscal Injuries

In the pediatric and adolescent population acute
meniscal injuries are often associated with other
pathology such as ACL tears or tibial eminence
fractures or can occur in the presence of a discoid
meniscus. Isolated meniscal injuries are more
likely to occur in younger patients with lower
BMI and are more common in the lateral meniscus than medial. One study found the distribution
of meniscal tear type to be: complex (28%), vertical (16%), discoid (14%), bucket-handle (14%),
radial (10%), horizontal (8%), oblique (5%), fray
(3%), and root detachment (2%) [67]. The most
common injury mechanism is a non-contact
twisting injury and athletes complain of knee
pain and swelling at the time of injury and presence of mechanical symptoms (catching, locking,
or giving away sensation) subsequently. On physical examination, patients may have an effusion
(larger with concomitant injuries), a block to full
extension or ROM (especially in the presence of
a flipped bucket handle meniscus tear), medial or
lateral joint line tenderness, a positive McMurray
test (indicated by pain or an audible pop with
flexion and internal or external rotation followed
by knee extension), or a positive Thessaly test
(indicated by medial or lateral joint line pain
when the patient stands flat-footed on a single leg
and rotates trunk with the knee flexed to 5° and
20°). Imaging of these injuries consists of plain
radiographs and MRI which is the study of
choice. Plain films are normal, unless a discoid
meniscus is present, then radiographs can demonstrate widening of the lateral joint space and/or
squaring of the lateral femoral condyle in the
case of lateral discoid menisci (which are much
more common than medial).
Treatment of isolated meniscal tears is dependent upon the location and character of the tear.
Non-operative management in the form of functional bracing and physical therapy may be
attempted in non-displaced partial tears in the
red-red zone of the meniscus. Operative
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treatment is indicated in the pediatric and adolescent athlete for all tears in the red-white and
white-
white zones of the meniscus. Meniscal
repair should be attempted if at all possible, as
there is a high success rate following repair as
well as a high long-term morbidity rate and risk
of future chondral injury with meniscectomy in
this patient populations. Several studies have
shown good results (80–87%) with operative
treatment of meniscal tears in the pediatric population [68–70].
The presence of a torn discoid meniscus
requires special consideration. Discoid menisci
are present in 3–5% of the population and located
laterally more commonly than medially and
often are the causative structure noted in arthroscopy for isolated, symptomatic lateral meniscus
tears [71, 72]. The most commonly used classification system of discoid menisci was proposed
by Watanabe in 1969 and based on arthroscopic
a

assessment of meniscal appearance and stability
[73]. Type I is a stable, complete discoid meniscus that covers the entire tibial plateau; type II is
a stable, partial discoid meniscus that covers up
to 80% of the tibial plateau; and type III (i.e.
Wrisberg variant) is an unstable discoid meniscus with lack of any posterior meniscotibial
attachment [71, 73]. On arthroscopic examination of discoid menisci, 70% had associated tears
and peripheral rim instability was noted in 28%
[74]. Observation of discoid meniscus lesion is
appropriate for minimally symptomatic patients,
such as in a patient with a painless, palpable
knee clunk or a discoid meniscus found incidentally on knee arthroscopy [71]. Surgical intervention is indicated for symptomatic discoid
menisci and consists of limited meniscectomy
with saucerization, with emphasis placed on
meniscal rim preservation and meniscal repair
[71, 74, 75] (Fig. 33.2).
b

c

Fig. 33.2 (a) Arthroscopic image of incomplete, discoid lateral meniscus. (b) Arthroscopic image of complete discoid
lateral meniscus. (c) Arthroscopic image of discoid lateral meniscus after saucerization and repair
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Table 33.3 Meniscal repair, inside-out rehabilitation protocol

2–4 weeks: 50%
WB with crutches
4–8 weeks:
Progress to full
WB
Full

Brace
Locked in full
extension for sleeping
and all activities
Off for exercises and
hygiene
2–6 weeks:
Unlocked 0–90° off at
night
Discontinue brace at
6 weeks
None

Full

Phase IV
12–
20 weeks

Full

None

Full

Phase V
>20 weeks

Full

None

Full

Phase I
0–2 weeks

Phase II
2–8 weeks

Phase III
8–12 weeks

Weight-bearing
Partial weight-
bearing with
crutches

Postoperative protocol for partial meniscectomy or saucerization without meniscal repair
consists of immediate weight-bearing, followed
by the initiation of physical therapy at 2 weeks
postoperatively, and progression to return to sport
after full ROM and strength are achieved [71].
Postoperative rehabilitation for meniscal repair
consist of partial weight-bearing in a hinged knee
brace, locked in extension for weight-bearing and
sleeping, unlocked to 90° for range of motion.
Brace is continued with ROM limited to 90° for
6 weeks with progression to full weight-bearing.
Physical therapy is then progressed to full range
of motion with progression through neuromuscular/proprioceptive exercises and strengthening,
with advancement to running, jumping, and
sport-specific drills at 5–6 months and return to
sports once cleared by physician beginning at
6 months (Table 33.3) [71].

33.6

Chondral and Osteochondral
Injuries

Chondral injuries in the adolescent athlete can be
associated with other ligamentous or meniscal
injuries, as in adults. However, in this population
knee osteochondritis dissecans (OCD) is a partic-

ROM
0–90° when
non-weight-
bearing

Exercises
Heel slides, quad sets, patellar mobs,
SLR, SAQ
No weight-bearing with flexion > 90°

As tolerated

Addition of heel raises, total gym (closed
chain), terminal knee extensions
Activities with brace until 6 weeks; then
without brace as tolerated
No weight-bearing with flexion > 90°
Progress closed chain activities
Begin hamstring work, lunges/leg press
0–90°, proprioception exercises, balance/
core/hip/glutes
Begin stationary bike
Progress phase III exercises and
functional activities: Single-leg balance,
core, glutes, eccentric hamstrings,
elliptical, and bike
Swimming okay at 16 weeks
Advance to sport-specific drills and
running/jumping once cleared by MD

ular concern. Defined as a “focal idiopathic alteration of subchondral bone with risk for instability
and disruption of adjacent cartilage that may
result in premature osteoarthritis,” OCD lesions
most commonly occur from age 10 to 15 years
[76, 77]. Osteochondritis dissecans lesions occur
most commonly in the knee, with the posterolateral aspect of the medial femoral condyle representing the most common location within the
knee. Although the mechanism of OCD development is still not fully understood (with hereditary,
traumatic, and vascular etiologies discussed most
commonly), the cascade of injury is consistent
[77]. In the initial stages, there is softening of the
overlying articular cartilage with and intact surface, followed by early articular cartilage separation, then partial detachment of articular cartilage
lesion, and finally osteochondral separation with
loose body formation [77].
Athletes present with vague and poorly localized activity-related pain within the knee and can
have recurrent effusions as well. In more advanced
stages, athletes can present with mechanical
symptoms such as catching or locking. On examination, athletes often have an effusion, decreased
ROM, and localized tenderness to palpation in the
area of the OCD. Additionally, patients can have a
positive Wilson’s test which is indicated by pain
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when internally rotating the tibia during extension
of the knee between 90° and 30°, then relief of
pain with external rotation of the tibia, due to
impingement of the tibial spine against the lesion.
Plain radiographs can be helpful in making the
initial diagnosis, as well as monitoring healing
over the course of treatment as well. The radiographic series should include weight-bearing AP,
lateral, and tunnel/notch views, which allow visualization of posterior lesions that may be missed
on AP views [78]. Radiographs are also used to
evaluate lesion location, maturity of growth plate,
parent and progeny bone radiodensity, and progeny bone fragmentation or displacement, as outlined by The Research in OsteoChondritis of the
Knee (ROCK) Group [76, 79]. MRI is generally
indicated in initial diagnosis to better characterize
the size of the lesion, status or subchondral bone
a

and cartilage, stability of the lesion, and evaluate
for the presence of loose bodies. However, radiographs can reliably be used for monitoring of
OCD lesion healing as demonstrated in one study
that showed great interrater reliability when utilizing six radiographic features: articular surface
shape, boundary appearance, sclerosis, ossification, lesion size, and overall healing [76, 79]. Full
classification of knee OCD lesions is outside the
scope of this text but has been well outlined by the
ROCK group [79, 80]. In general, prognosis for
healing knee OCD lesions is better for younger
patients with open distal femoral physes and
worse for patients closer to skeletal maturity, with
sclerosis on radiographs, presence of synovial
fluid behind the lesion on MRI which indicates an
unstable lesion, and location within the lateral
femoral condyle or patella [76, 79, 81] (Fig. 33.3).
b

c

Fig. 33.3 (a) Arthroscopic image of unstable lateral femoral condyle osteochondritis dissecans (OCD) lesion. (b)
Arthroscopic image of same OCD after debridement and

marrow stimulation. (c) Arthroscopic image of OCD after
reduction and fixation
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Table 33.4 Drilling/fixation of osteochondritis dissecans rehabilitation protocol
Exercises/strength
Avoid WB ROM exercises
Isometric quad and hamstring strengthening
Stretching of quads, hams, and calves
Progress strength training in normal fashion
6–12 weeks
Progress to full WB Full
symmetrical guided by pain and symptoms
with MD consent
No high-impact activities
ROM to
after radiographic
contralateral
evaluation
side
Full
Begin running program
12 weeks: Return to sport
Begin impact strengthening
This phase should take time and
Begin functional return-to-sport activities
not be rushed through and
Be aware of pain and symptoms, slow rehab if
guided by radiographs and MD
they are occurring
suggestions

0–6 weeks

Weight-bearing
NWB

ROM
Full as
tolerated

Treatment for knee OCD lesions is based on
the abovementioned factors. Non-operative management consisting of restricted weight-bearing,
bracing, and close radiographic follow-up to confirm healing is indicated for stable lesions in
patients with open growth plates. This treatment
algorithm has shown good (50–75%) healing
without fragmentation of the lesion [81].
Operative intervention is indicated for unstable
lesions or lesions in older patients. Surgical treatment consists of either subchondral drilling for
stable lesions on arthroscopy; open reduction and
internal fixation for unstable but fixable lesions
with 85% healing rates in the setting of open
growth plates; and more advanced cartilage restoration or transplant procedures for large
(>2 cm × 2 cm) unfixable lesions [82, 83]. Post-
operative protocol varies, depending on the operative procedure performed, but for drilling of OCD
lesions, it consists of a period of non-weight-
bearing, followed by progression to full-weight-
bearing at around 3 months post-op with initiation
of impact and gradual return to functional sports
activities from then (Table 33.4). Return to full
sports is anticipated between 4 and 6 months,
after confirmation of radiographic healing of the
lesion and clearance from the physician.

33.7

Overuse Injuries

Chronic, overuse injuries of the knee are also
quite common in the adolescent basketball players and often present in an acute-on-chronic

nature, persisting for months to years. Traction
apophysitis of the tibial tubercle or Osgood–
Schlatter syndrome, traction apophysitis of the
inferior pole of the patella or Sinding-Larsen-
Johansson syndrome, and patellar tendonitis or
“Jumper’s knee” are the most common overuse
injuries in this patient population [84]. All of
these are treated non-operatively in the vast
majority of cases, with operative intervention
reserved for refractory cases.
Osgood–Schlatter syndrome or tibial tubercle
traction apophysitis is marked by self-limited
chronic pain in skeletally immature jumpers or
sprinters at the anterior aspect of the knee, exacerbated by kneeling. It is more common in males
than females, typically present in the 3–4 years
prior to cessation of growth (male: 12–15 years,
female: 8–12 years), and present bilaterally in
20–50% of patients [84]. On physical examination, athletes have an enlarged tibial tubercle,
with associated soft tissue swelling and tenderness to palpation, and often have pain with
resisted knee extension. Routine radiographs
demonstrate irregularity and fragmentation at the
tibial tubercle apophysis; MRI is rarely indicated.
First-line treatment consists of rest, ice, activity
modifications, NSAIDs, patellar tendon strapping or sleeves to decrease tension on the tubercle apophysis, and quadriceps stretching, with
over 90% of patients achieving complete resolution of symptoms. Cast immobilization can be
utilized in the case of severe symptoms, unresponsive to the conservative measure described
above. Operative intervention in the form of
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ossicle excision is reserved for skeletally mature
patients with persistent symptoms [85]. Physical
therapy focuses on stretching, addressing muscle
imbalances across the knee, with gradual,
symptom-based return to full participation.
Similarly, Sinding-Larsen-Johansson syndrome is an overuse injury causing anterior knee
pain in the skeletally immature athlete. These athletes have tenderness to palpation over the inferior
pole of the patella and may also have pain with
resisted knee extensions [84]. Radiographs are
most often normal, but may show spurring at the
inferior pole of the patella. This syndrome is most
often self-limited and responds well to activity
modification, NSAIDs, and physical therapy.
Rarely surgical treatment is indicated, and rarely
athletes continue to have symptoms past skeletal
maturity.

Fact Box 3: Mainstays of the Treatment of
Overuse Injuries in Adolescents
NSAIDs
Rest and activity modification
Offloading apophyses via tendon strapping
Focused stretching program
Initiation of eccentric strengthening exercises

Patellar tendonitis or “Jumper’s knee” is
another form of anterior knee pain that can present in adolescence, but can also present in adulthood and represents a degenerative, rather than
inflammatory process in the tendon [86]. In the
initial phases, athletes complain of focal pain in
the patellar tendon following activities; however,
as the disease process progresses, athletes also
complain of pain during activity as well as without activity, such as with prolonged knee flexion
also known as the “movie theater sign”. In the
later phases, athletes also begin to experience
deterioration of performance. On examination,
athletes have focal tenderness over the patellar
tendon and pain with resisted extension and may
have a positive Basset’s sign (tenderness to palpation at the distal pole of the patella with full knee
extension, but no tenderness in full flexion).
Radiographs are often normal, but can show traction spurring at the inferior pole of the patella in

some cases. MRI can be obtained in chronic
cases, if surgical intervention is being considered,
and generally demonstrates tendon thickening,
increased signal within the tendon on T1 and T2,
and loss of posterior border of the fat pad in
chronic cases. Patellar tendonitis is most commonly treated with activity modification, taping
or patellar strapping to reduce tension across the
tendon, and physical therapy. Corticosteroid
injection is generally contraindicated due to risk
of patellar tendon rupture. Recently, platelet-rich
plasma (PRP) injections have been used in chronic
cases with mixed results and are not yet standard
of care [87]. Physical therapy focuses on stretching of hamstring and quadriceps muscles, eccentric muscle strengthening program, and use of
other therapy modalities [88]. Return to sport is
based on symptoms. Similar to other overuse injuries in the knee, surgical intervention is reserved
for refractory cases. After surgical debridement,
80–90% of patients return to some level of play,
but can anticipate continued aching or pain for
4–6 months following surgery and therapy.

Take Home Message

As the participation in organized team
sports continued to increase and athletes
continue to narrow to single sports participation at younger ages, physicians should
continue to emphasize injury reduction and
prevention via preseason physical examination, medical coverage at sporting events,
proper coaching and training, and adequate
time off from competition and sport both
within a given week and over the course of
the year. Although the physician’s role in
diagnosis and treatment of injuries is
invaluable, it is even more important to
educate young athletes, parents, and
coaches about the prevention of injuries as
well as adequate recovery and rehabilitation prior to return to sport following an
injury. This will provide young athletes the
best chance for continued enjoyment of
sporting activities and ensure access to the
invaluable mental and physical health benefits that sport participation can provide.
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Appendix
Single Leg Stance
The subject is asked to
balance on a single foot for
a maximum of 60 seconds.
If he or she is unable to
maintain the stance for the
full minute, the number of
seconds maintained is
recorded.

Single Leg Stance
on Bosu
The subject is asked
to balance on a single
fool on a Bosu Ball for
a maximum of 60
seconds.

45º Single Leg Squat
The subject is asked to
balance on a single leg
while performing a squat
deep enough to create a
45º flexion angle at the
knee. The tester predetermines the angle of the
knee with a gonionmeter and
then places a target dowel
to ensure adequate depth
and alignment. The
number of squats
performed in 60 seconds is
recorded.

45º Single Leg Squat
on Bosu
A Bosu Ball is placed
(flat side up) under
the stance leg. Then,
the task is performed
as described above.
If the subject loses
his/her balance,
he/she may resume
within the 60 second
period.

Clockwise Quadrant Hop
The subject is asked to hop
on a single leg in a
clockwise direction for 30
seconds. Then, number of
correct hops (at least 50%
of the foot surface lands in
the correct quadrant) is
counted. Each quadrant is
a 40cm square.

Counterclockwise
Quadrant Hop
Same as above, only
counterclockwise
direction

Single Leg
Hop for
Distance
The subject is
asked to hop
as far as
possible on
one foot
without losing
his/her
balance during
landing.

6 Meter
Timed Hop
The Subject is
asked to hop,
as quickly as
possible, on
one foot for a
distance of 6
meters

Crossover
Hop for
Distance
The subject is
asked to hop
as far as
possible on
one foot while
crossing the
tape measure
three times
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34.1

Introduction

Patellofemoral pain (PFP) accounts for 25% of
knee problems seen in sport medicine clinics [1].
Running and jumping athletes are frequently
affected and up to one fourth of them will stop
practicing because of pain [2]. An observational
study on 810 adolescent basketball players
showed a prevalence of 25% for PFP, specifically
~26% of female and 18% of male athletes were
affected [3]. Playing sports means running, jumping, pivoting in a repetitive manner. This exposure
to high and repetitive loads can lead to supraphysiologic overload. Running can produce ground
reaction forces two to three times the body weight,
while during the landing phase of a jump it
increases up to 9–10 times the body weight [4]. It
has been reported that professional basketball
players jump an average of 70 times per match
[5], considering the height and the body weights
of those athletes, it is easy to expect the high frequency of injuries to the knee. The occurrence of
PFP can severely affect the athlete’s sport participation and activity level due to the common recurP. Castelhanito (*)
Hospital de Santa Maria, Lisbon, Portugal
S. Vasta
Orthopaedic and Trauma Surgery, Campus Bio-
Medico University Hospital of Rome, Rome, Italy
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rence or chronic course of symptoms. In a
multicenter observational analysis, more than a
half of study participants reported unfavorable
recovery 5–8 years after the initial diagnosis and
conservative management for PFP [6].

34.2

Differential Diagnosis
of Patellofemoral Pain

In the literature the terms of anterior knee pain and
PFP are frequently used as synonyms, which can
create some confusion. A large number of different
conditions can lead to anterior knee pain, and
some of them have an anatomical or functional
origin in the patellofemoral (PF) joint. However, it
is important to keep in mind that several conditions around the knee, other than PF disorders, can
determine pain in the same area (Table 34.1).
Two conditions deserve special consideration.
Patellar tendon tendinopathy is a frequent cause
of anterior knee pain, especially among athletes
involved in jumping sports like basketball and
volleyball [7] and an important differential diagnosis for PF joint pain. Several theories on the
pathogenesis of patellar tendinopathy have been
proposed [8], such as vascular, mechanical, and
nervous system causes. Although patellar shape
has been proposed as a possible pathogenetic factor, as discussed below in this chapter, chronic
repetitive tendon overload seems to be the most
common [9].
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Table 34.1 Differential diagnosis of anterior knee pain
Patellar instability
• Objective patellar instability
• Potential patellar instability
• Painful patellar syndrome
Synovial impingement syndromes
• Pathologic plica
• Hoffa syndrome
Osteochondrosis
• Osgood–Schlatter
• Sinding-Larsen-Johannsen

Tendinopathies
• Patellar tendon
• Pes anserine
• Semimembranosus

Another frequent cause of anterior knee pain
is knee osteochondrosis in younger athletic
patients [10]. Osgood–Schlatter disease is a condition caused by a traction effect of the extensor
mechanism on the secondary ossification center
of the tibial tuberosity [11] leading to local tenderness and swelling. A bony prominence in the
area of the tibial tuberosity can usually be palpated. It can affect boys and girls with ages
between 8 and 12 years involved in jumping sport
activities (e.g., basketball) and/or direct contact
(e.g., kneeling). The other knee osteochondrosis
is the Sinding-Larsen-Johannsen disease [12], a
traction injury of the extensor mechanism, but on
the inferior pole of the patella. Those patients
also present anterior knee pain and a painful palpation of the inferior patellar pole.
In order to make a correct diagnosis of PFP, a
detailed clinical examination is fundamental. The
patient’s consultation should start with observing
the walking pattern and the global posture. A
detailed history should be taken, investigating:
–– The beginning of the pain (How long ago?
Sudden or progressive?)
–– How it started (Spontaneously? Trauma?)
–– Changes in training (Increase in training intensity? New training strategies? New coach?)
–– If the pain is related to specific activities
(jumping, climbing, and descending stairs)
The physical examination should be as complete as possible and evaluate:

Primary and metastatic tumors

Infection

Bursitis
• Pre-patellar bursitis (“housemaid’s knee”)
• Infrapatellar bursitis (“clergyman’s knee”)
• Medial collateral ligament bursitis
• Pes anserine bursitis
Localized pigmented villonodular synovitis

–– Any obvious sign of knee inflammation
(swelling)
–– Range of motion
–– Alignment and symmetry of the lower limbs
–– Pain location
–– Specific signs of patellar instability
–– Muscle status and flexibility (hamstring and
quadriceps tightness, anterior pelvic tilt)
–– Signs of other conditions (i.e., tenderness to
palpation of the inferior pole of the patella
or to the tibial tuberosity in cases of patellar
tendinopathy or osteochondrosis of the
knee)
The correct imaging studies will provide further information after integrating the history and
physical examination. They should include at
least:
–– The anteroposterior weight-bearing X-rays
of the knee, preferably of the entire lower
limbs, to evaluate coronal alignment and
deformities
–– A skyline view (merchant), to evaluate patellar alignment and arthrosis
–– Lateral views with perfect superimposition of
the femoral condyles (essential for assessing
trochlear dysplasia and patellar height)
Further imaging such as MRI, CT scan, and
ultrasonography could be useful for additional
assessment of cartilage, soft tissues, and possible
torsional deformities.
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34.3

Pathophysiology
of Patellofemoral Pain

PFP is a complex clinical entity, with not completely understood pathophysiology yet. Since
the 1970s, PFP has been related to patellofemoral malalignment (PFM) [13]; however, that link
has weakened over time. In the 1990s Scott Dye
came up with the “Envelope of Function” theory
[14]. In that theory, Dye proposes that the loss
of homeostasis of innervated PF tissues is the
mechanism at the basis of patellofemoral pain.
The envelope of function is defined as the capacity of the patellofemoral joint to accept and
transfer a certain range of load, maintaining the
tissues’ homeostasis. Dye identified four zones:
1. The zone of tissues’ homeostasis.
2. The zone of subphysiologic underload, in
case of excessively diminished loads that will
lead to disuse alteration.
3. The zone of supraphysiologic overload, when
an increased load is applied to the joint, but it
is insufficient to cause immediate obvious
structural damage.
4. The zone of macrostructural failure that
occurs when an excessive load determines an
abrupt damage, such as bone fractures or ligament tears.
The envelope of function corresponds to the
zone of homeostasis and is determined by anatomic, kinematic, and physiologic factors. All
those factors act interdependently and define the
threshold for the loss of homeostasis, with PFP as
an indicator of the transition to supraphysiologic
overload.
This chapter focuses on the anatomic factors
that have important implications in PFP [15]:
1. Bone morphology, lower limb alignment
(including coronal and torsional deformities),
and foot disorders
2. Static and dynamic soft tissue stabilizers
3. Hip and core stability
4. Cartilage

34.4
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 one Morphology and Lower
B
Limb Alignment

34.4.1 Trochlea
The trochlear shape is of paramount importance
in the biomechanics of the patellofemoral joint. A
medial and a lateral facet, converging into the
trochlear groove, compose the trochlea. Both facets are convex in the sagittal and frontal plane,
with the lateral one being higher, larger, and more
prominent than the medial one, providing a
restrain for lateral patellar subluxation during
knee flexion.
Lateral and medial walls are covered by a
layer of articular cartilage of 2–3 mm thickness,
although it is thinner on the medial side compared to the lateral [16]. The trochlear groove
deepens from proximal to distal, and its axis has
a downward and outward inclination of 10° compared to the femoral diaphyseal axis; however,
there is significant individual variability concerning orientation, length, and curvature of the
trochlear groove [17]. The patellar and trochlear
groove bone and chondral geometry are of crucial importance in guiding the patella in the distal femur as the knee flexes. The amount of
restraint provided seems to increase during flexion, as the groove becomes deeper. At 20 degrees
of flexion the force needed to produce a 10 mm
lateral displacement of the patella is 74 N, rising
to 125 N at 90° [18].
Senavongse and Amis [19] demonstrated that
a flat trochlea is more likely to induce lateral
patellar translation than an injured medial retinaculum or a released vastus medialis. The same
authors stated that static restraints have a less
variable and more consistent role in providing
patellar stability than dynamic ones [18]. For
those reasons, since the first observation of the
connection between trochlear dysplasia and
patellar instability reported by Brattstroem in
the early 1960s [20], trochlear morphology has
gained increasing attention, up to 1987 when
H. Dejour and G. Walch established the basic
principles and diagnostic rationale of patellar
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instability, proposing a classification of the
trochlear dysplasia [21]. Successively, D. Dejour
and Le Coultre defined a more accurate classification based on combined evaluation of axial
and lateral radiographs that takes into account
three radiographic signs: the supratrochlear
spur, the double contour, and the crossing sign
(Fig. 34.1). By those signs, the authors established four types of dysplasia [22] (Table 34.2).
Trochlear dysplasia has been identified as the
predominant factor in inducing patellar instability [23]. In fact, it determines a lack of congruence between the trochlear groove and the
patella, during the range of motion. This incongruence is particularly important during the
early degrees of flexion, since the proximal

groove is shallower or flat compared to the distal, and the lateral structures tend to overcome
the medial ones (Fig. 34.2). This condition can
result in dislocation and/or overloading of the
lateral facet since the stresses are highly asymmetric and concentrated on the lateral PF articular surface rather than on the entire groove [24].
Over time, PFP can arise because tissues around
the PF joint get irritated (loss of tissue homeostasis, Dye’s theory), and degenerative changes
can occur on the articular cartilage.

34.4.2 Patella
Patella is the largest sesamoid bone of the human
body. It has several functions, such as protecting
the deep knee structures, increasing the lever arm

Supratrochlear spur
Double contour
(medial facet)

Crossing sign

Fig. 34.1 Lateral radiography of a type D trochlear dysplasia. Notice the presence of all three signs used in
Dejour’s trochlear dysplasia classification: crossing sign,
supratrochlear spur, and the double contour of the medial
facet

Fig. 34.2 Axial imaging of a type D trochlear dysplasia.
Notice the vertical transition (cliff pattern) between the
convex lateral facet and the hypoplastic medial facet

Table 34.2 Dejour’s classification on trochlear dysplasia
Type A
Type B
Type C

Type D

Lateral radiography
– Crossing sign
– Crossing sign
– Supratrochlear spur
– Crossing sign
– Double contour
–
–
–

Crossing sign
Supratrochlear spur
Double contour

Axial imaging—CT or MRI
– Trochlear morphology preserved
– Shallow trochlea
– Flat trochlea
Trochlear facet asymmetry:
– Convex lateral facet
– Hypoplastic medial facet
– Trochlear facets asymmetry
– Vertical transition between lateral and medial facet
(cliff pattern)
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of the extensor apparatus, and providing stability
to the knee [25]. Patellar shape and position show
an important variability among individuals,
which can potentially influence the biomechanics
and function of the PFJ.
The variability of the patellar shape in the
axial plane was studied by Wiberg [26]. He
proposed a classification system based on the
configuration of the medial and lateral facets of
the articular surface of the patella: type I (with a
prevalence of 10%) presents concave medial and
lateral facets, both almost equal in size; type II
(prevalence of 65%) presents a flat or slightly
convex medial facet which is smaller than the lateral facet; type III (25% of all cases) has a considerably smaller and convex medial facet.
There seems to be a correlation between the
Wiberg classification and patellar instability.
Schiavone-Panni et al. [27] compared the axial
patellar configuration of a group of objective
patellar instability patients with the normal population and found that the more the patella is tilted,
the more the patella is dysplastic; in addition they
found a significant association between Wiberg
patellar shape type III and the most severe trochlear dysplasia. The authors speculate that
increased lateral stresses may produce a Wiberg
type III patella. It has been demonstrated as a
Wiberg type III patella has a higher incidence of
cartilage damage compared to type I and II [28].
In the sagittal plane, three types of patella can
be identified according to the Grelsamer classification [29]. This classification is based on the
ratio between the length of the patella and the
length of the articular surface: type I (most common) exhibit a ratio between 1.2 and 1.5, type II
with a ratio greater than 1.5 (long nose) and type
III with a ratio less than 1.2 (short nose).
Grelsamer speculated that a patella with a
shorter articular surface than normal (type II), as
well as patellae with long and short inferior poles
(type II and III) can determine abnormal contact
stress [29]. However, currently there is no clear
evidence that specific patellar shape patterns are
linked with a higher risk of pain or instability [30].
Patellar shape in the sagittal plane has also
been investigated in relation to patellar tendinopathy (PT), which is a common disease affecting
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basketball players (up to 32% in professional
players [7]). Johnson and colleagues, on an MRI
study on PT, reported that the site of the lesion is
more compatible with an impingement-based
mechanism (of the inferior pole of the patella
against the patellar tendon) rather than a stress
overload of the tendon. However, the authors did
not find significant differences in the length of
the patella, inferior pole or length of the articular
surface between the PT group and a matched
control group [31].
Conversely, it is well known that patella alta
is linked with PFP and an increased risk for
instability. In fact, it has been shown that a high
riding patella causes a decreased contact between
the patella and trochlea during the early degrees
of flexion (35–70°) and a higher contact force in
deeper flexion (70–120°), compared to normal
height patellas. In other words, patella alta demonstrates higher maximal patellofemoral contact
force and pressure when compared to a normal
riding patella [32], which might explain the relation between patella alta and PFP. In addition,
patella alta was related to greater lateral displacement and greater lateral tilt [33], determining a decreased resistance to lateral translation
of the patella [34], potentially leading to patellar
instability.
Being a predisposing factor for pain and
instability, several methods have been proposed
to measure patellar height (i.e., Insall-Salvati,
Caton-Deschamps, Blackburne-Peel). However,
all of them use bony and not cartilaginous reference points, which limits the evaluation of the
functional (cartilaginous) engagement of the
patella in the trochlea, fundamental to the patellar tracking and stability. This led to the introduction of new methods to evaluate the sagittal
position of the patella. One of these methods is
the sagittal patellofemoral engagement (SPE)
index [35]. This method uses two distinctive sagittal cuts of an MRI to evaluate the functional
engagement of the patella over the trochlea
(Fig. 34.3). The first cut is taken where the
patella shows the longest articular cartilage,
which allows the drawing of a patellar length
line (PL) that represents the total length of the
patellar articular cartilage. The second sagittal
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a

b

PL

PL

TL
SPE=TL/PL

Fig. 34.3 Obtaining the SPE index: (a) patellar length
line (PL) is drawn in the MR sagittal cut where the patella
shows the longest articular cartilage. (b) The PL line is
transferred to the sagittal cut where the trochlear cartilage
extends more proximally, and on this cut, the trochlear

line (TL) is drawn parallel to the PL line, starting from the
most proximal articular trochlear cartilage and finishing at
the distal end of the PL line. The SPE is then calculated as
the ratio between TL and PL lines

cut is taken where the femoral trochlear cartilage
extends more proximally, and on this cut, a second line is drawn parallel to the PL line, starting
from the most proximal articular trochlear cartilage and finishing at the distal end of the PL line,
providing the trochlear length (TL). The SPE is
then calculated as the ratio between TL and
PL. The pathologic cut off value for a normal
sagittal engagement was defined at SPE < 0.45.
What is most interesting about this method is
that there isn’t a significant correlation between
the SPE index and the Caton-Deschamps index,
which means that patients can present patella alta
and normal SPE but also normal patellar height
and SPE <0.45. It can help to better identify the
cases where inadequate functional engagement is
present despite the absence of patella alta and
help to choose the best treatment options.

mal values, subject positioning, contraction
status of the quadriceps, and validity of the measuring technique [25, 37]. Despite the questions
of the utilization of the Q-angle in clinical evaluation of PF instability, its biomechanical importance, however, remains unquestioned [38].
Quadriceps and patellar tendons form an
angle, which during muscle contraction determines a lateral displacement of the patella that is
counteracted by the lateral wall of the trochlea
and the medial soft tissues restraints. The bigger
the Q-angle the bigger the lateral forces on the
patella [39].
Another index of the PF alignment is the tibial
tuberosity–trochlear groove (TT–TG) distance.
Described by Goutallier et al. [40], TT–TG distance is a quantitative measure of lateralization of
the tibial tuberosity on the proximal tibia with
respect to the trochlear groove. From the original
technique, based on X-ray with the knee at 30° of
flexion and neutral rotation of the hip, the average normal value was 12 mm and the pathologic
cut-off value was considered to be 20 mm.
TT–TG distance can also be calculated using
axial imaging of CT or MRI, using two cuts: one
through the deepest part of the trochlear groove,
in its most proximal part (where the notch
resemble a Roman arch), and the other through
the most proximal part of the tibial tubercle.

34.4.3 Bony Alignment
Bony alignment is also of paramount importance
for an optimal PF tracking. The evaluation of
lower limb alignment has been classically related
to the measurement of the quadriceps angle
(Q-angle). Since Insall and colleagues [36]
described the measure in its current form, its clinical validity has been questioned concerning nor-
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In those cuts, two perpendicular lines to the posterior condylar line are drawn, one passing
through the deepest part of the trochlear groove
and other through the middle of the patellar tendon. The distance between this to parallel lines
is the TT–TG distance. Because of different
methods of CT or MRI acquisition among published studies, the TT–TG reference values are
not unanimously established, ranging from
10 ± 1 to 13.9 ± 4.5 mm [41–43].

34.4.4 Coronal Deformities
of the Lower Limb
Coronal (varus-valgus) deformities can alter the
biomechanics of the PF joint by increasing the
Q-angle and the TT–TG distance. Lower limb
deformities determine changes in contact pressure and contact area with resultant PFP or even
PF instability.
Valgus malalignment has a significant impact
on PF kinematics and patellar tilt, by increasing
the Q-angle, and some studies have shown that
valgus deformities influence the muscle vector
significantly, resulting in increased lateral patellofemoral pressure due to significant lateralization of the patella [44]. Furthermore, it has been
shown that varisation osteotomies can produce
good results in patients with patellofemoral instability or anterior knee pain [45].
Varus deformity can affect PF joint as well,
since there seems to exist an association of proximal tibial rotation with varus deformity, which
causes the patella to displace laterally with
increased risk of patellar instability, as demonstrated by Fujikawa et al. [46].

34.4.5 Torsional Deformities
of the Lower Limb
Abnormal (increased) femoral anteversion can
result in PF malalignment and instability. Despite
the excessive femoral anteversion, the femoral
head will be centered into the acetabulum by the
strong soft tissues of the hip, thus internally rotating the whole femur, from proximal to distal,
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leading to an increased Q-angle by displacing the
patella medially relative to the anterior superior
iliac spine and tibial tuberosity [17].
Normal femoral anteversion is usually considered to be about 15° [17], but there is a great
variation with the mean value for physiological
femoral torsion ranging from 7° to 24° of internal
torsion, depending on the measurement technique used [47]. Some studies have also shown a
significant gender variation, with slightly less
anteversion in male subjects compared to female
subjects [17]. Increased internal rotation of the
distal femur leads potentially to altered PF kinematic, therefore predisposing to PF pain, arthritis
[48], and instability [47].
A study by Lee et al. [49] analyzed the effects
of femoral rotation on PF joint contact pressures
and found a nonlinear increase in the PF contact
pressures with increasing femoral rotation. At 30°
rotational deformity of the femur, both the external and internal rotational deformity of the femur
showed a significant increase in the tension of the
quadriceps tendon and the patellofemoral contact
pressures on contralateral facets of the patella.
Given the relevant contribution of the femoral torsion to PF kinematics, some authors proposed
performing femoral derotational osteotomy in
patients with recurrent patellar dislocations
caused by significant torsion abnormalities [50].
Primary or secondary external tibial rotation
can also affect the patellar alignment, due to a
lateral displacement of the tibial tuberosity. The
Q-angle and the patellar tracking result abnormal, thus determining PF pain and instability.
Turner demonstrated a significantly increased
external tibial rotation in patients with PF disorders when compared with controls [51].

34.4.6 Foot Disorders
Although still not strongly demonstrated the
cause–effect relationship, it is possible to speculate that foot disorders can contribute to PF pain
and instability. It has been largely demonstrated
a high incidence of abnormal eversion and/or
pronation of the foot in patients affected by PF
pain [52, 53].
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34.5

Soft Tissue Restraints

During the first degrees of flexion (0–30°) the
primary restraints to lateral PF translation are
soft tissue structures, mainly the medial patellofemoral ligament (MPFL), followed by the patellomeniscal ligament and then the vastus medialis
obliquus and the medial retinaculum [54]. By the
time the knee goes to further flexion, the patella
shifts medially being progressively engaged into
the trochlear groove, with the stability relying
more on bone contact and not so much on soft
tissues. The most important among the static
medial restrains is the MPFL, a relatively thin
band of retinacular tissue running from the
adductor tubercle to the medial border of patella
that provides as much as 60% of total restraint at
20 degrees of knee flexion [54]. Congenital
abnormalities or traumatic (patellar dislocation)
can impair the MPFL function and therefore
cause PF instability.
On the lateral side of the knee, the PF stability
is aided by the following structures: lateral patellofemoral ligament, joint capsule, iliotibial band
(ITB), and lateral retinaculum. According to the
anatomical study of Merican and Amis [55], the
retinaculum is composed of three different layers: the superficial (deep fascia), intermediate
and the deep layer (joint capsule), with the intermediate layer being the most substantial and consisting of derivatives of the iliotibial band and the
quadriceps aponeurosis. The authors described
extensive interdigitations among the ITB, the
quadriceps aponeurosis and the tendon of vastus
lateralis obliquus.
It is important to keep in mind that because
most of the lateral retinaculum originates from
the ITB, tightness of this structure (which has the
greatest influence at 20 degrees of knee flexion)
will contribute to lateral tracking and tilt of the
patella, increasing the stress on the lateral patellar facet and predisposing to malalignment and
instability [56].
Besides the static restrains, there are active
medial patellar stabilizers, and among them, the
vastus medialis is the most important one. It
opposes the lateral vector force of the vastus late-

ralis, allowing a more efficient extensor moment
at the knee.
The vastus medialis is commonly divided into
the oblique portion (VMO) oriented at 47° ± 5°
with respect to the femoral axis and, the more
vertical component, the vastus medialis longus.
The main medial active stabilizing force of the
patella is the VMO. Hypoplasia or dysplasia of
that muscle is a major cause of dynamic patella
instability. However, even in the presence of a
normal muscular tissue, an impaired muscle contraction can determine an altered recruitment
order between vastus medialis and lateralis originating in patellar instability [57].

34.6

 ore Stability and Hip
C
Strength: Looking Beyond
the Knee

In addition to the locally defined PF anatomical
factors, the role of core stability and hip muscle
strength in PF function and pain has gained some
attention over the last decades. From an anatomical point of view, the musculoskeletal core of the
body refers to the osseous and soft tissue structures of the spine, pelvis, and abdomen, responsible for the lumbopelvic and hip dynamic control.
A strong core is fundamental for optimal production, transfer, and control of force and motion
throughout the lower limb, which in turn can have
a critical role in PF disorders. Poor core stability
results in lack of dynamic control on the frontal
plane, contralateral pelvic drop, homolateral
excessive hip adduction, and internal rotation
(dynamic valgus) (Fig. 34.4), which may eventually affect PF kinematics [58]. The actual result of
an increased hip adduction and internal rotation is
the medial displacement of the knee relative to the
foot and internal rotation of distal femur relative
to the tibia, which, as seen earlier in this chapter,
can contribute to PF pain and instability.
Patients with patellofemoral pain display
more weakness in hip abduction and external
rotation, allowing for increased hip adduction
and internal rotation during functional movements [59]. Contralateral pelvic drop is also
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Fig. 34.4 Dynamic valgus in single-leg landing test:
homolateral excessive hip adduction and internal rotation

thought to increase tension in the lateral patellar
retinaculum, via the iliotibial band, potentially
contributing to an increased lateral patellar
tracking.
Regarding the sagittal plane, there seems to be
a correlation between PF joint pain, lumbar lordosis, and sacral inclination. In a study by Tsuji
et al. [60], there was a significant difference in
sacral inclination between elderly subjects with
and without anterior knee pain, as patients with a
lower back lordosis tend to walk with a compensatory knee flexion that can increase PF joint
load. The authors called this phenomenon the
“knee-spine syndrome.” Although this has not
been studied in young adults and active people
yet, it seems intuitive that a strong and well-
balanced pelvis and lower spine will avoid postural alterations that can eventually be responsible
for PF joint symptoms.
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Cartilage

The average patella cartilage thickness is
4.1 mm, being the thickest in the body, due to
high joint reaction forces, which can rise to up
to 20 times the body weight during sporting
activities [61, 62]. Healthy PF articular cartilage
is fundamental in energy absorption during
daily and sport activities, especially during knee
flexion against resistance, like going downstairs
or jumping. It would be intuitive to consider
cartilage thickness as an important variable
associated to PF pain, and it is known that thinner cartilage results in higher stress for the same
applied load [63]. However, although individuals with patellofemoral pain exhibit greater
patellofemoral joint stress [64], a significant
thinner cartilage was reported only in male individuals affected by PFP compared to controls,
and not in females, suggesting that cartilage
thickness is conceivably a non-dominant factor
in the pathogenesis of PFPS, when in absence of
concomitant abnormalities.
The medial and central areas of the patella
show a richness of intraosseous innervation, significantly higher than the lateral one [65]. Those
nerves can deliver nociceptive signals in response
to mechanical stimuli secondary to increment of
intraosseous pressure (intraosseous edema) or
increment of the subchondral bone pressure (that
happens when the cartilage fails to absorb the
energy, secondary to cartilage lesions or to
reduced contact area in PF malalignment) [66].

34.8

Conclusion

Several factors play a role in patellofemoral pain,
some of them are clear and with an obvious diagnosis, some others are subtler. Abnormal bone
morphology like trochlear dysplasia and patella
alta can contribute to a various level to improper
PF tracking, but also soft tissue alterations (tightness of the lateral structures, incompetent MPFL,
altered patterns in muscle contractures or imbalanced musculature), frontal plane deformities
(valgus or varus), torsional deformities (increased
femoral anteversion and external tibial rotation),
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and hip/core stability are involved in generating
PF pain.
Therefore, it is paramount to thoroughly
assess the patients, looking not only to the knee
but to the whole body in both static and dynamic
settings. Only after matching patient’s symptoms, history, physical examination, and images,
it is possible to draw a correct diagnosis and plan
a proper treatment strategy.
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35.1

Introduction

Basketball injuries are most prevalent in the
lower extremity, especially ankle and knee. Most
basketball injuries are orthopedic in nature,
including both acute and overuse injuries. The
most prevalent overuse injury of the knee is
patellar tendinopathy, which comprises up to
30% of knee injuries seen in sports medicine
clinics [1–5]. These injuries are typically associated with the movements of basketball—cutting,
pivoting, sudden acceleration/deceleration, and
jumping, which explains the colloquially used
term “jumper’s knee” describing patellar tendinosis. These repetitive basketball movements
can cause excessive loading of the extensor
mechanism of the knee, primarily at the patellofemoral joint [3, 5–7], and is a frequent cause of
anterior knee pain. Chronic anterior knee pain
can be troublesome and resistant to treatment;
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indeed, up to 53% of athletes attribute anterior
knee pain as a factor in the decision to quit their
sport [1, 8, 9]. In this chapter, the management
of patellofemoral (PF) disorders in basketball
will be discussed.

35.2

Epidemiology

Historically, knee is the second most injured
body part in basketball for both men and women
at the American high school, collegiate, and professional levels [10–14]. More specifically, injuries involving the patella have been reported to
be the second most frequent orthopedic injury in
American professional basketball (14.8% of all
injuries), as well as being the greatest cause of
missed games (19.5%) [15]. Looking specifically at patellar tendonapathy, Lian et al.
described an overall prevalence of patellar tendonitis (jumper’s knee) of 14.2% among athletes, with the highest prevalence reported in
sports involving high-impact ballistic/explosive
loading of the knee extensor mechanism such as
volleyball (44.6%) and basketball (31.9%) [16].
Zwerver et al. described a prevalence of 11.8%
for “jumper’s knee” in non-elite basketball players [17].
Based on data from American intercollegiate
athletics and looking at all PF injuries, female
athletes experienced significantly more PF injuries than male athletes in similar sports. Patellar
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tendinitis accounted for 49.2% of all PF injuries
and was the most common injury in 20 of 25
studied sports, including men’s and women’s
basketball. For PF injuries in all athletes, the
majority are due to overuse or gradual use
(41.9%) [18]. In surveying American Collegiate
basketball (BB), PF injuries in men’s BB ranked
second for PF injures among all sports surveyed,
with women’s BB ranking fourth, with the injury
rate per 100,000 athletic exposures being 28 and
25, respectively [16]. Although lateral patellar
dislocation is a less common PF injury in basketball, it has been shown to be the most severe. For
American collegiate athletes, lateral patellar subluxation resulted in the most time lost (648 days)
and lateral patellar dislocation resulted in the
highest average time lost per injury (11.42 days
per injury). Lateral patellar dislocation/subluxation also represents the highest proportion of PF
injuries that resulted in 14 days or more of time
lost and was most likely injury to require surgical
intervention [18, 19]. This data did not distinguish between primary and chronic injuries.
Due to the incidence and prevalence of patellar tendinopathies, anterior knee pain, including
both PF pain and PF chondral lesions, and patellar instability in the sport of basketball, this chapter will focus on these PF disorders.

35.3

Extensor Mechanism
Tendinopathy

35.3.1 Background
Overuse of the extensor mechanism causing tendinopathy can occur above and below the patella.
The most common location is the superior insertion of the patellar tendon to the patella (65–70%
of the cases), followed by the insertion of the
quadriceps tendon at the superior pole of the
patella (20–25%), and the patellar tendon insertion on the tibial tuberosity (5–10%) [20].
Quadriceps tendinopathy is less common, but
must be considered in the differential of anterior
knee pain. Treatment follows similar pathways as
patellar tendinopathy, which will be reviewed in
more detail below.

Patellar tendinopathy is an overuse condition of the patellar tendon frequently affecting
athletes who play basketball and other jumping
sports [16, 17, 21, 22]. The pain from patellar
tendinopathy can hinder performance on the
court, prevent participation, and even cause discomfort with basic activities of daily living
[23]. While most basketball players are able to
return successfully to the court, there remains a
subset of athletes who are unable to play [8].
Patellar tendinopathy remains an area of active
research as the pursuit of a better understanding
of its pathophysiology can optimize treatment
decisions for affected basketball players.
Original descriptions of patellar tendinopathy
by Blazina [24] were of a “tendonitis” or inflammation, but the condition is degenerative rather
than inflammatory, so “tendinosis” is the more
appropriate term. Repetitive overuse and inadequate time for healing are risk factors for patellar
tendinosis to occur [25]. Micro-tearing of the tendon occurs almost exclusively in the posteromedial aspect of the tendon insertion into the patella.
Hallmark findings of patellar tendinopathy
include mucoid degeneration, an inability of the
tissue to repair itself, and the absence of inflammatory cells [22, 26].
Extrinsic factors are widely agreed upon to be
causative risk factors in the development of patellar tendinopathy. Sports like basketball and volleyball, which require explosive jumping, have
been shown to have a prevalence of patellar tendinopathy between 30 and 45%, whereas in sports
such as cycling can be very limited [16]. Training
load and harder training surfaces are also correlated with a higher incidence of patellar tendinopathy [27, 28]. Many authors have studied intrinsic
risk factors, such as patella alta, tilt, leg alignment, obesity (BMI), height, and weight, and
none have shown a consistent correlation with
patellar tendinopathy [22]. However, in the only
prospective study on the development of patellar
tendinopathy by Witvrouw et al. [29], the authors
did show a statistical difference in hamstring and
quadriceps flexibility in the athletes in their population who developed patellar tendinopathy.
Despite limited or conflicting literature on
modifiable risk factors for patellar tendinopathy
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[30], a lower extremity screening examination
pre-season with the identification of quadriceps
flexibility, hip joint ROM, and knee joint angle
during stop-jump task was found to be meaningful predictors of asymptomatic patella tendon
abnormalities and could be used as a screening
tool to predict asymptomatic athletes at the risk of
developing a patella tendon abnormalities [31].
The importance of lumbosacral control of body
movement in athletic training and in rehabilitation
is consistent with these screening criteria.

region [32]. The authors also recommend obtaining a Beighton’s score and checking for quadriceps tightness with the Ely’s test. A positive Ely’s
test occurs when the athlete cannot touch his or
her heel to the buttock; this is used as a screening
test for quadriceps tightness. Palpation of the distal pole of the patella at the insertion of the proximal patellar tendon should be performed. Resisted
knee extension of the involved knee can also elicit
pain and is frequently positive in athletes with
patellar tendinopathy.

35.3.2 Presentation

35.3.3 Classification

Pain initially starts after physical activity and can
progress to be continuous during activity or present even at rest. Athletes complain of anterior
knee pain, localized to the distal pole of the patella
and the proximal end of the patellar tendon [25].
Examination of the athlete starts by observing
the athlete perform a double-leg squat. The clinician is looking for asymmetry with this examination, as the athlete will guard and not bend down
as far on the involved side. The decline squat test
can be used to elicit pain from patellar tendinopathy. In this test, a single-leg squat is performed to
30° of knee flexion—a movement that loads the
patellar tendon and causes pain in the affected

There are several classification systems for tracking the severity of patellar tendinopathy
(Table 35.1). The modified Blazina classification
was the first utilized; it is entirely based on clinical
symptoms. The Blazina classification system
includes four progressive stages graded according
to disease severity (Table 35.1). Stage I is characterized by pain that occurs only during sports. In
Stage II, pain occurs at the beginning of sporting
activities, disappears after warm-up, and reappears
when fatigue presents. Stage III is characterized by
constant pain during activity and at rest with resultant inability to play the sport. Stage IV disease is
defined as complete patellar tendon rupture.

Table 35.1 Different classifications for “Jumper’s knee”
Stage/
grade
0
I

Blazina classification [24]
Pain only following activity
without functional impairment

II

Pain during and following activity
with satisfactory performance
levels

III

More prolonged pain during and
following activity with
progressively increasing difficulty
performing at a satisfactory level

IV
V

Ferretti classification [28]
No pain
Pain only following intense
sports activity with no functional
impairment
Moderate pain during sports
activity with no sports
performance restriction
Pain with slight sports
performance restriction

Roels classification [33]
Pain at the infrapatellar or
suprapatellar region following
training or event
Pain at the beginning of activity,
disappearing after warm-up and
reappearing after activity
completion
Pain during and after activity. The
patient is unable to participate in
sports

Pain with severe sports
Complete rupture of the tendon
performance restriction
Pain during daily activity and
inability to participate in sport at
any level
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The VISA score (Victorian Institute of Sport
Assessment) is a questionnaire consisting of eight
questions that help identify severity of tendinopathy and can be used to track responsiveness to
treatment [34] (Appendix). The basics of the
VISA score are as follows: six of the eight questions are scored on a visual analog scale (VAS)
0–10 (10 being optimum, no issues). The other
two questions in VISA ask about current activity
level and if the athlete is playing with or playing
through pain. The VISA is scored out of 100, with
a mean score of 95 seen in asymptomatic athletes,
55 seen in athletes playing with pain and a score
of 22 for those requiring surgery [34]. This is the
most commonly cited outcome m
 easure score for
studies looking at the results of different treatment
modalities for patellar tendinopathy.

35.3.4 Imaging
Imaging of choice for the diagnosis of patellar
tendinopathy includes both MRI and ultrasound.
Both imaging modalities can detect thickening of
the tendon, partial tearing of the patellar tendon
and intratendinous lesions that reside in the posterior and posteromedial aspect of the proximal
patellar tendon [35]. Current advantages of the
MRI are the ability to rule out other intra-articular
causes of pain and to help evaluate for partial
thickness patellar tendon tears. Recent work has
demonstrated a high correlation of patellar tendinopathy progressing to a partial tear if the axial
thickness on MRI cut is greater than 8.8 mm [36]
(Fig. 35.1). Furthermore, a novel classification
system for patellar tendinopathy has been created
based on MRI findings that can help with management decisions (Table 35.2).

Fig. 35.1 MRI image of a 20-year-old basketball player
with 1 year history of right knee pain, on presentation to
the point he was no longer playing. His Blazina score was
3. VISA score was 29. On the Popkin-Golman classification system for patellar tendinopathy, he was Grade 4. The
patient underwent an open debridement and repair

Table 35.2 Popkin-Golman MRI classification system
for patellar tendinopathy

Grade
Grade 1

Grade 2

Grade 3

Grade 4

35.3.5 Treatment
There are a wide range of treatment modalities
available to treat basketball players with patellar
tendinopathy, but the optimal treatment algorithm is still a work in progress [21].
Physical therapy with an emphasis on eccentric exercises should be the initial management

Criteria
Tear % on
axial MRI
No tears
seen on
MRI
Signal seen
<25% of
axial cuts
25–50% on
axial
thickness
Tear >50%
of axial
thickness

Tendon
thickness,
mm on
Patellar
axial cut tendinopathy
6
Patellar
tendinopathy
8.7a

Patellar
tendinopathy

10

Partial patellar
tendon tear

>11

Partial patellar
tendon tear at risk
for poor outcome
with conservative
treatment>6 months

Adapted from: Popkin CA, Golman M, Wong TT, Wright
ML, Lynch TS, Thomopolous S, Ahmad CS (2019)
Rethinking Partial Patellar Tendon Tears: A Novel
Classification System. AOSSM Annual Meeting July 10,
2019 Boston, Massachusetts
a
Tendon thickness of 8.8 mm on axial cut strongly correlated with the finding of a partial patellar tendon tear
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in patellar tendinopathy, as it is the only modality of treatment for patellar tendinopathy backed
by high-level evidence [37–39]. Eccentric exercises have been found to have positive effects,
with minimal adverse reactions, as long as the
athlete is removed from the sport [40]. The
duration of training should be attempted for at
least 3 months. Numerous studies point to the
eccentric quadriceps strengthening using a
decline board to maximize results [41, 42]. It
should also be noted that excellent results may
be achieved combining eccentric strengthening
with a supplemental protocol. For example,
Dimitrios et al. found superior results with the
eccentric training combined with a stretching
program (89% improvement VISA Score) compared to eccentric training alone (57% improvement VISA score) [39].
Patellar tendon strap and sports tape can also
be utilized first line for athletes suffering from
symptoms of patellar tendinopathy. A number of
studies show that an infrapatellar strap or sports
tape can be used to help alleviate pain and can
improve symptoms when participating in jumping activities [43–45]. Patellar tendon straps and
sports tape are widely available, easy to use, safe,
and short-term options for the treatment of initial
symptoms of patellar tendinopathy.
The use of extracorporeal shock wave therapy (ESWT) has a role in the treatment of
patellar tendinopathy and can be grouped in
the first line of treatment options [23]. There is
considerable variability in outcomes reported
using ESWT. The best outcomes in the literature are from Wang et al. [44] who used 1500
impulses (at 14 kV, 0.18 mJ/mm2) in a single
session. A randomized controlled trial done by
Zwerver et al. used high doses of ESWT over
three weekly sessions (2000 impulses at 4 Hz
for maximum up to 0.58 mJ/mm2) and compared this to athletes with patellar tendinopathy who received sham ESWT. They found no
differences in the groups [46]. The same group
did a follow up, double-blind randomized controlled trial comparing eccentric strengthening
and ESWT (1000 impulses at 4 Hz, 0.2 mJ/
mm2) to eccentric strengthening and sham
ESWT. They also showed no difference
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between the two groups looking at changes in
VISA scores [47]. Results of ESWT reported
by Peers et al. showed improvement in outcomes with low to intermediate dosing (1000
impulses, 4 Hz for 0.08 mJ/mm2) over three
weekly sessions [48]. There remains considerable debate as to the usefulness of ESWT, but
it is a safe treatment modality with no significant risk.
Platelet-rich plasma (PRP) injections have
been shown to have some benefit in the treatment
of patellar tendinopathy but have shown wide
variability in efficacy [49, 50]. This is likely the
result of significant variability in the protocols
for the administration of PRP and the lack of
high-quality studies demonstrating clear benefit.
A recent systematic review showed a protocol
with multiple PRP injections may have a role in
treatment for athletes with patellar tendinopathy
[38]. The role of PRP in the treatment of patellar
tendinopathy remains a topic of discussion and
an area that requires more study.
There is no role at this time for the use of corticosteroid injections for the treatment of patellar
tendinopathy, and they should not be used [23,
32]. Several studies have shown no benefit [42,
51], and steroid injections are not recommended
as part of the treatment algorithm for patellar
tendinopathy.
The literature reports that 10–15% of cases
of patellar tendinopathy do not respond to the
above measures and require surgical management [32]. There is a growing body of literature
to support the role for surgical treatment for
refractory patellar tendinopathy [48, 52, 53].
Most studies did not recommend or advocate
surgical management until the athlete had failed
conservative measures for more than 6 months
[23]. However, it is the opinion of the author
that if there are Grade 3–4 MRI changes within
the tendon (Table 35.2), and the athlete shows
poor flexibility (Beighton’s score of 0–2) that
these athletes respond poorly to non-operative
management and might benefit from early surgical intervention (personal communication,
CP, 2019).
There is no agreement on the optimal surgical
procedure of choice for refractory patellar
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Table 35.3 Patellar tendinopathy treatment options
Treatment protocol for patellar
tendinopathy
First-line
Eccentric quadriceps strengthening
treatments
and training
• Use of 25° decline board
• Focus also on stretching and
flexibility
• 2–3× a week for a minimum of
3 months
Patellar tendon strap or sports tape
• Studies show reduction in pain
with jumping activities
Extracorporeal shock wave therapy
• Low to medium dose frequency
Second-line
PRP injections
treatment
• Multiple injection protocols shown
better results
• Another non-surgical option
Final option after Surgical debridement
failing >6 months • Recommend open surgical
approach
of the above

t endinopathy. Results with both arthroscopic and
open approaches are good with most authors
noting a significant jump in VISA score and
return to sport. There is some variability
described in postoperative rehabilitation and
return to sport with different studies, but most
had the athletes back to their sport within
4 months of the procedure. The authors’ preferred approach at this time is an open procedure, as it allows for thorough debridement of
the inferior pole, with an option for use of anchor
and suture repair of the tendon and use of
2.0 mm K-wire for drilling the inferior pole for
marrow stimulation [36]. A list of treatment
options is reviewed in Table 35.3.

35.4

Anterior Knee Pain

35.4.1 Presentation
Athletes with anterior knee pain (AKP) typically
describe diffuse ill-defined anterior, peripatellar,
or retropatellar knee pain [54, 55]. AKP is commonly thought of as that which originates in anterior knee structures in the absence of an
identifiable acute or overuse injury. Insidious
onset of pain or repetitive motion activity are

Table 35.4 Differential causes of AKP in children and
adult
Apophyseal
Osgood–Schlatter disease
Sinding-Larsen-Johansson syndrome
Bone and cartilage
Articular cartilage injury
Bone tumors, in particular the distal femur, a common
site for adolescent tumors
Loose bodies
Osteochondritis dissecans, especially common in the
distal femur in the adolescent age group
Patellar instability/subluxation
Patellar stress fracture
Symptomatic bipartite patella
Excessive external tibial torsion
Inflammatory diseases
Rheumatologic
Infectious (i.e., Lyme disease)
Muscle/tendon
Quadriceps tendinopathy
Patellar tendinopathy
Nerve
Complex regional pain syndrome (CRPS)
Neuroma
Saphenous neuritis
Referred pain
Lumbar spine pathology
Hip joint pathology (i.e., slipped capital femoral
epiphysis, femoral-acetabular impingement)
Soft tissue
Fat pad impingement
Iliotibial band tendonitis
Pes anserine bursitis
Prepatellar bursitis
Plica irritation

common presentations, but specific or a series of
loading events are also noted. AKP has a primary
mechanism in overuse injury principles, even
though the exact etiology and nature of the pain
are poorly understood. An overuse injury is considered repetitive submaximal or subclinical
trauma that has over-exceeded tissue’s clinical
responsiveness, which leads to pain and/or movement dysfunction.
Because the specific cause of pain in the AKP
is indistinct, the clinician’s primary initial task is
to rule out other known causes of pain around the
knee (Table 35.4). Patients present with stereotypical symptoms, anterior knee pain aggravated
both by loaded, flexed-knee activity (stair climb-
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ing, jumping, and squatting) and by unloaded,
prolonged bent-knee activity such as sitting with
a flexed knee.
Patellar retinacular structures extend both
medially and laterally from the patella, thereby
pain can be associated with medial/lateral/posterior pain. Indeed, despite its common term of
“anterior” knee pain, pain in almost every location around the knee can relate to this pain presentation, which can create confusing clinical
presentations. AKP is rarely associated with
swelling and, when present, one must consider
intra-articular damage, most specifically cartilage damage; indeed, the most common form of
AKP has no to minimal cartilage damage. The
presence of patella cartilage damage is harder to
sort out, as patellar cartilage wear is often asymptomatic and metabolically stable and, therefore,
is not a source of pain. Giving-way episodes can
be reported, typically occurring when one tries to
engage the quadriceps muscle, the quad
“fatigues,” creating a giving-way episode. It is
important for the treating clinician not to confuse
these giving-way episodes with ligamentous
instability, which typically occurs with planting,
pivoting, or jumping activities. Knee “locking”
may also be reported. If the knee locks in full
extension, it can be a manifestation of an e xtensor
mechanism abnormality; the patient does not
want to engage the kneecap in the groove because
of pain and therefore keeps the leg straight. If the
knee is locked secondary to a loose body or torn
meniscus, it is locked in some degree of knee
flexion.
Changes in one’s daily routine may play a
role in changing one’s envelope of function.
Training schedules, i.e., how much load and for
how long, may offer important information as to
the level of activity and possible overuse.
However, this change could be more subtle (e.g.,
changing schools with increased demands of
more walking or hill climbing). Included in
“change,” it is important to identify stage of
growth and growth history as it relates to muscular control of lengthening lever arms. There
may be sex variability in neuromuscular growth
spurts with disproportionate height and weight
increases [56, 57].
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35.4.2 Imaging
Many patients with AKP have normal imaging,
and many with abnormal findings on imaging
have no AKP. No source of pain should be considered based on imaging alone (e.g., increased
TT–TG, patella alta). Radiographic imaging is
not necessary to make the diagnosis of anterior
knee pain, but certain imaging may help to
support the diagnosis (Table 35.5).
The goal of the radiographical assessment in
acute anterior knee pain is to determine whether
soft tissue or cartilage injury exists. An MRI is the
most specific modality for these findings. Basketball
athletes are particularly susceptible to chondral
lesions of the patellofemoral joint, but may not
always be symptomatic. In professional and collegiate asymptomatic male BB athletes, imaging
studies have shown trochlear groove lesions up to
25.9% and patella lesions up to 44.4% [58–60].

35.4.3 Treatment
Altered neuromotor control is associated with
anterior knee pain, although the exact mechanism
is speculative. Restoration of neuromuscular control is the main treatment goal, concentrating on
muscle strengthening and improved body moveTable 35.5 Common imaging tests for evaluation of
patellofemoral disorders
Radiographic view
Axial views:Low
flexion view and mid
flexion view 20° and
60° view
True lateral view

Standing AP
Standing PA flexion
Magnetic resonance
imaging
Computed
tomography

Evaluation
Sulcus angle, patella position
in the groove (excessive lateral
tilt and/or translation), PF joint
space narrowing (in older
group)
Trochlear dysplasia, patella
height, PF joint space
narrowing (in older
population), etc.
Tibiofemoral (TF) joint space
narrowing, limb alignment
TF joint space narrowing,
especially lateral-based disease
Soft tissue, ligament, and
cartilage stress injuries to bone
Fractures
Limb version
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ment patterns. Extensor mechanism weakness is
a characteristic finding in AKP patients, as well
as being a risk factor for developing AKP [61].
Historically, quadricep strengthening has been
the main focus of rehabilitation of AKP patients.
This becomes challenging in an athletic population, where absolute quadricep strength may not
be deficit, and further evaluation is prudent.
Hip muscle weakness and impaired gluteal
muscle function can lead to increased hip joint
adduction and internal rotation during sports-
specific body movement patterns [62, 63]. In
addition to strength, the dysfunction in neuromuscular control in AKP patients may stem from
disordered firing sequences of the muscles [29,
64, 65]. Interventions focused on correcting deficits with hip strengthening, biofeedback or gait
retraining, should be included in the treatment of
AKP.
More recently, core strength, including hip
and abdominal muscles, has been identified as
important to include in the management of AKP
[66, 67]. Stretching to improve muscle tendon
length should be part of the treatment plan.
Reduced quadriceps muscle length [29], as well
as decreased hip flexibility [68], is a frequent
finding in symptomatic patients.

a

Examining a double- or single-leg squat in
both frontal and sagittal planes is another simple
clinical office or training room (Fig. 35.2a, b) test
to assess and direct treatment. Observing for
dynamical alignment gives a snapshot of the
forces that the knee may be subjected to with
increased force and repetition while participating
in sport. In the frontal plane, functional valgus
with dynamic activities like the single- and
double-leg squat may be a result of weakness of
core musculature. In the sagittal plane, increased
anterior knee translation over the foot can be
indicative of poor squat mechanics and lack of
gluteal involvement in this body movement.
Gripping of the toes and increased ankle dorsiflexion can often be a sign of anterior muscle
recruitment and increase load through the anterior knee.
If one part of the kinetic lower extremity chain
is weak or injured, the body often finds ways to
accomplish an activity by a “work around” the
injured body part. This often initiates faulty body
mechanics that can lead to a painful state that
centers on the patella and its associated soft tissue structures. Patients with AKP develop
strategies to compensate for strength and rangeof-motion deficits, which can lead to symptom

b

Fig. 35.2 (a) Frontal plane images of a patient performing a squat. marks incorrect body mechanics with func-

images of a patient performing a squat. marks incorrect
body mechanics with anterior knee excursion and no glu-

tional valgus knee position with squatting. The image
displays proper body movement pattern. (b) Sagittal plane

teal engagement with squatting. The
proper body movement pattern

image displays
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exacerbation. In accomplished athletes, changes
in body movement patterns can be subtle, making
treatment of AKP difficult for the athlete and the
rehabilitation specialist. The main role of the
therapist it to recognize these faulty body movement patterns, dissect the underlying muscle-deficit cause, and build an individual program to
address this [69]. This approach focuses on
movement-centered therapy with a skilled physical therapist. Treatment should be customized to
the patient’s level of strength and fitness and
whenever possible should be made challenging
for the athlete. The patients’ response to each
intervention will help to guide the next step as
well as define the need for further intervention.
Treatment for patients with AKP is challenging from both exercise dosage and duration perspective. The challenge to the therapist is to
manage this within the envelope of function
described by Scott Dye [70]. For those treating
the athlete, decisions to include/exclude continued practice and games when activities of daily
living (e.g., stair climbing) cause pain are difficult
to balance and must be individualized according
to time of season, player position, etc. Treatment
of AKP in the athlete nearly always involves
reduction of activity; prudent reduction of drills
and conditioning while undergoing a treatment
focused on strength and flexibility deficits is a
good starting point. However, if this fails to reduce
pain, further activity reduction is merited. Key to
“in season” treatment of anterior knee pain is to
avoid pain escalation and stay within the athlete’s
functional envelop. At times full resolution of
pain does not occur until off season.

35.5

Patellar Chondral Wear

In BB athletes, PF cartilage is at risk for degenerative changes in both the patella and trochlear.
Jumping sports are particularly prone to central
trochlear groove cartilage wear. A recent study of
PF chondral wear and associated anatomic patellar
instability factors found that trochlear lesions were
more frequent in men, presented at an older age,
and had fewer associated anatomic risk factors.
Patellar lesions, conversely, were more frequent in
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women, presented at younger age, and were more
closely associated with anatomic risk factors [71].
Treatment of cartilage injuries of the PF joint
is beyond the scope of this chapter; however, a
cautious approach should be used in surgical
management of anterior knee pain when there is
MR evidence of chondral wear, as these lesions
are found in a high percentage of asymptomatic
BB athletes [58–60]. For most athletes presenting
with anterior knee pain in the absence of an acute
injury, with examination findings of a knee effusion, with or without imaging verification of
chondral wear, a non-operative approach is recommended. The approach outlined in the section
previously provides a framework for individualized treatment. If the chondral wear pattern is laterally based in the PF joint, McConnell taping
may be helpful in the rehabilitative process [72].

35.6

 ateral Patellar Dislocations
L
(LPD)

35.6.1 Presentation
An acute LPD is most often a non-contact injury
with a planted foot and upper body rotation. The
patella dislocates laterally, injuring medial
restraining structures, causing a large hemarthrosis. The lateralized patella often reduces spontaneously; less often, the kneecap remains
unreduced necessitating a manual reduction. This
section will focus on treatment and return to play.
Currently, most patients following first-time
LPD are managed non-operatively. Studies demonstrate an unacceptably high redislocation rate
in these patients [73–76].
However, studies have not demonstrated significant functional differences using outcome
instruments between operative/non-operative
management following first-time LPD [77–81].
Though first-time LPD can span all age
groups, they are particularly prevalent in the
teenage years [82–84]. In addition to presenting
at a young age, younger patients with first-time
LPD have more anatomic patella instability factors than those presenting with their first injury at
a later age [85].
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Several recent studies have focused on algorithms to predict risk of re-injury [86–88].
Though no one algorithm has been verified to
date, certain anatomic and demographic risk factors have been identified with increased risk of
re-injury.
Key Risk Factors for Recurrence of Lateral
Patella Dislocation (LPD)

•
•
•
•

Open physes
Previous LPD
Family history/contralateral LPD
Hyperlaxity,
especially
knee
hyperextension
• Patella alta
• Trochlear dysplasia

35.6.2 Imaging
Imaging studies are obtained to confirm the diagnosis, recognize associated injuries, and identify
anatomic abnormalities that may have predisposed the patient to a patellar dislocation.
Objective measurements of patella position and
trochlear morphology, often referred to as “anatomic patellar instability risk factors” (APIF), are
used to guide surgical planning [84]. More
recently, in patients with a number of risk factors,
surgical management of first-time lateral patellar
dislocation can be advised.

35.7

Management of the Acute
Injury

Aspiration may be useful for comfort when
swelling is marked [89, 90] and has a possible
benefit for articular cartilage [91].

35.7.1 Immobilization Versus
Functional Progression
There is a paucity of evidence-based information
in the literature concerning the most appropriate
immediate treatment of LPD that reduces symp-

toms and minimizes recurrence. There is limited
evidence to support knee immobilization; immobilization periods varying from 0 to 6 weeks [77,
92–94].
Rood et al. [95] report the only randomized
control study of cast versus taping, which suggested taping had better subjective outcomes in
the 18 patients studied. Follow-up was up to
5 years, and there was no recurrence in either
group. Maenpaa et al. [96] reported a prospective
randomized study comparing immediate immobilization with flexion restriction utilizing a patellar
brace and found no difference in recurrence rate at
2 years. A questionnaire survey of the sports subcommittee of ESSKA (16 responses) queried
physicians on their preference for non-operative
management of primary LPD; nearly all recommended a short period of immobilization [97].
There is no consensus on initial treatment, and
to date, our early management of acute LPD
lacks an evidence base [75, 93]. There are no
studies that categorize patients according to
injury variables, including contact versus non-
contact injury, the presence or absence of osteo-
chondral fragments, or anatomic variables such
as patella alta or trochlear dysplasia. However,
some studies suggest that contact injuries or the
presence of osteochondral fractures are associated with a lower incidence, whereas patella alta
or trochlear dysplasia are associated with a higher
incidence of recurrence [82].

35.7.2 R
 ehabilitation Post Acute
Dislocation
Physiotherapy is essential for optimal recovery of
function. Rehabilitation should focus on a goal to
return to sport around 4–6 weeks, but this varies
widely depending on osteochondral injuries,
degree of swelling, and pre-injury strength.
Functional progression incorporating overlapping stages of physical therapy progression is
advised (Table 35.6).
An ISAKOS Consensus task force (2015)
on patellar dislocations concluded the following in the management of acute patellar
dislocations:
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Table 35.6 Functional progression after an acute LPD
• Recovery of normal knee motion and gait
mechanics
• Core principles
• Double-leg movement patterns
• Single-leg movement patterns
• Restoration of proper squat mechanics
• Dynamic movements mimicking type and intensity
of desired activity
• Eccentric control of quadriceps activity
• Neuromuscular training/proprioception
• Sports-specific training/exercises

• The knee should be protected with crutches
and/or limited motion as required until a normal gait pattern is restored.
• The initial management should be focused on
reducing swelling and restoring lower limb
muscle function. Ideally this is carried out
under the guidance of a physiotherapist, certified athletic trainer, or other trained professional. The goal is to restore the envelope of
tissue function before progressing to the next
phase of rehabilitation.
• Following a new injury, recurrent dislocators
with minimal trauma and swelling can
be accelerated in the early management phase.
• The use of a knee sleeve for comfort, control
of swelling, and/or proprioception confidence
is optional.
• There is no evidence to support using specific
patellar stability braces for preventing recurrent dislocation [95, 96].
• Adequate performance in PT with sport-
specific drills which simulate the intensity and
body movement patterns of the athlete’s given
sport/activity prior to return to play is
recommended.

35.7.3 R
 eturn to Play After Patellar
Stabilization Surgery
The goal of this chapter is to advise on safe return
to play after patellar dislocation and after reconstructive surgery, not to guide the type of surgery
to be performed. Surgical procedures to stabilize
against recurrent patella dislocations are highly
individualized and variable [98]. Surgical proce-

433

Table 35.7 Return-to-sport study timelines for “isolated” MPFL reconstructions [102]
Study
Ahmad et al.
[103]
Christiansen
et al. [104]
Gomes [105]

Fernandez
et al. [106]
Mikashima
et al. [107]
Nomura
et al. [108]
Ronga
et al. [101]
Schöttle
et al. [109]
Thaunat and
Erasmus [110]
Watanabe
et al. [111]

Stated timeline for return to sport
Running agility after 3 months; full
sports at 4 months postoperatively
Controlled sports at 12 weeks;
contact sports at 6 months
Return to sports at 6 months; some
motivated patients return by
4 months
Full activity at 12 weeks
Jogging and “mild” sports at
4 months; full sports at 6 months
Jogging and “mild” sports at
8 weeks; full sports at 12 weeks
Sports at 6 months
Full activity at 6 months if ROM
and quadriceps strength restored
Full sports when quadriceps
rehabilitation achieved
Jogging at 12 weeks with good
strength, ROM, stability; return to
sports at 6 months

ROM range of motion

dures follow a similar functional progression to
post dislocation rehabilitation. However, surgery
is initially restricted by post-operative pain and is
delayed based on what we know of the biology of
healing:
• MPFL reconstruction: tendon to bone healing—3 months [99]
• Tibial tubercle osteotomy: bone to bone healing—6+ months; follow-up with radiographs
A recent systematic review of MPFL reconstruction looked specifically at rehabilitation and
return-to-sports efficacy. Poor study methodology, as well as limited exercise rehabilitation
information, makes it difficult to determine sports
efficacy. Table 35.7 reviews specific studies and
their stated timelines for return to sport [100].
Though there are a limited number of published outcomes after MPFL reconstruction that
discuss a proposed timeline for return to sport,
few studies detail when the patients actually
returned to their sport. One study of 28 patients,
largely male (75%), details a cohort of nine
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Table 35.8 Physical performance testing elements
Domain tested
Anthropometric data

Test activity
Knee ROM
Joint line circumference
Thigh circumference

Core stability

Prone plank timed hold
(Fig. 35.3a)
Side plank timed hold
(Fig. 35.3b)
Single-leg bridge
repetitions to fatigue
(Fig. 35.3c)
Single-limb balance with
eyes closed
Single-limb stand and
reach (Fig. 35.4a)
Star excursion balance test
(Fig. 35.4b, c)
Single-limb maximum
depth squat (Fig. 35.5a)
Retro step-up/down
(Fig. 35.5b)
2-min single-leg repeated
squat test

Balance

Lower extremity
muscle strength

Lower extremity
muscle endurance
Lower extremity
power

Single-limb hop for
distance
6 m timed hop
Triple cross-over hop for
distance

Recorded value
Degrees of motion
Centimeters around the joint line
Centimeters around the thigh (15 cm proximal to suprapatellar
border)
Seconds held, maintaining ideal alignment (out of maximum
of 60 s)
Seconds held, maintaining ideal alignment (out of maximum
of 60 s)
Maximum repetitions to muscle fatigue

Seconds held (out of maximum of 60 s)
Centimeters reached with opposite arm of stance limb
Centimeters reached with opposite toe from stance limb
Maximum knee flexion angle reached at depth of squat
Maximum step height successfully completed (inches)
Maximum number of squats completed to 60° KF at 60 bpm
tempo × 2 min, preserving ideal trunk and limb alignment
(max value = 60 squats)
Maximum distance hopped in centimeters/meters
Maximum speed recorded in seconds
Maximum distance hopped in centimeters/meters

patients returning to high-level pivoting activities
at a mean of 7.5 months (6–16 month range)
[101]. Patients with major osteochondral/chondral lesions with or without repair have a low
chance of returning to high-level sports participation. There is little information in the literature
that discusses timelines for return to sport for
other patellofemoral surgical procedures, in particular tibial tubercle osteotomy.
Table 35.8 details possible physical performance testing activities that can be used to measure or test knee/patellofemoral function.
Table 35.9 outlines general prerequisites for
safe return to sport.

Table 35.9 Prerequisites for safe return to sport
• If bony surgery is involved, complete radiographic
healing of bone
• No complaints of knee pain or knee instability
• Full or near-full range of motion
• No knee effusion
• Completed neuromuscular training/proprioception
• Satisfactory core strength and endurance
• Acceptable control with dynamic activities (e.g.,
star excursion balance test)
• Limb symmetry index >85% on hop tests,
especially if resuming pivoting sports
• Adequate performance with physiotherapist during
sport-specific drills simulating the intensity and
movement patterns of the athlete’s given sport
• Athlete demonstrates a psychological readiness to
return to sport (e.g., SANE score > 80/100)
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b

c

Fig. 35.3 (a) This is an illustration of a prone plank,
which is used as a measure of bilateral lower extremity
core stability in addition to upper body strength. (b) This
is an illustration of a side plank, which in this illustration

is used as a measure of right-sided core stability, in addition to upper body strength. (c) This is an illustration of a
single-leg bridge, which in this illustration is used as a
measure of right-sided core stability
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a

b

c

Fig. 35.4 (a) This is an illustration of a single-leg stand
and reach which is used as a measure of balance on the
right lower limb, reaching with the left arm. (b) This is an
illustration of the star excursion balance test reaching for
a mark on the side ipsilateral to the side being measured

for balance (right lower limb in this illustration). (c) This
is an illustration of the star excursion balance test reaching
for a mark on the side contralateral to the side being measured for balance (right lower limb in this illustration)
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b

Fig. 35.5 (a) This is an illustration of a single-leg maximum squat, which is used as a measure of right lower limb
strength (primarily quadricep muscle strength) and balance. (b) This is an illustration of a retro step up, which is

used as a measure of right lower limb strength (primarily
quadriceps muscle strength) and core (maintaining a level
pelvis)

35.8

patient- and sport-specific and dependent on the
athlete’s function as assessed by the physiotherapist/athletic trainer/physician. Functional progression incorporating increasing challenge and
complexity of sport-specific tasks is recommended. The ultimate goal of management is to
minimize recurrence and safely return athletes to
previous level of play.

Conclusion

Basketball is a sport that demands much of the
PF joint, with jumping, sudden deceleration, and
pivoting activity. PF overuse injuries and acute
contact and non-contact injuries are common.
There is no ideal or correct time for an athlete
to return to sport after an injury; return to sport is
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Appendix
VISA SCORE
1.

For how many minutes can you sit pain free?

0 mins

100 mins

Points

0 1 2 3 4 5 6 7 8 9 10
2.

Do you have pain walking downstairs with a normal gait cycle?

strong
severe

3.

0 1 2 3 4 5 6 7 8 9 10

no pain

Points

pain

Do you have pain at the knee with full active non-weight bearing knee extension?

strong
severe

0 1 2 3 4 5 6 7 8 9 10

no pain

Points

pain

Points

pain

Points

0 1

4. Do you have pain when doing a full weight bearing lunge?
strong
severe

no pain
0 1 2 3 4 5 6 7 8 9 10

5. Do you have problems squatting?
Unable

no problems
2 3 4 5 6 7 8 9 10

6. Do you have pain during or immediately after doing 10 single leg hops?
strong severe
pain/unable

no pain Points
0 1 2 3 4 5 6 7 8 9 10

7. Are you currently undertaking sport or other physical activity?
0

Not at all

4

Modified training ± modified competition

7

Full training ± competition but not at same level as when symptoms began

10
Competing at the same or higher level as when symptoms began
8. Please complete EITHER A, B or C in this question.
• If you have no pain while undertaking sport please complete Q8a only.
• If you have pain while undertaking sport but it does not stop you from completing the
activity, please complete Q8b only.
• If you have pain that stops you from completing sporting activities, please complete
Q8c only.
8a. If you have no pain while undertaking sport, for how long can you train/practise?
NIL

1-5 mins

6-10 mins

7-15 mins

>15 mins
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36.1

Introduction

Basketball was invented by James Naismith in
1891 at the International YMCA Training School
in Springfield, Massachusetts [1]. The first women’s basketball game was played in Springfield,
Massachusetts in 1894, and the first Olympics
game was played in 1976. Throughout the years,
basketball has become a popular sport in the
United States as well as across the world.
According to the 2004 National Safety Council
report, 28.9 million people play basketball every
year in the United States [2]. More recently, the
High School Athletics Participation Survey conducted by the National Federation of State High
School Associations (NFHS) in 2018–2019
reported 399,067 female and 540,769 male basketball participants [3]. Additionally, there are
2192 National Collegiate Athletic Association
(NCAA) division I, II, and III basketball teams in
the United States [4]. Worldwide, there are an
estimated 450 million basketball participants [5].
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Basketball has increased in popularity for both
men and women due to Title IX legislation promoting gender equality in sports programs [6].
The increase in basketball participation has
led to an increase in the incidence of basketball-
related injuries [7]. From 1988 to 1997, there has
been a 12.4% increase in game-related basketball
injuries [8]. Hammig et al. published a retrospective study from the National Hospital Ambulatory
Medical Care Survey maintained by the Centers
for Disease Control and Prevention [9]. There
were 507,000 total basketball-related ambulatory
care visits among 20- to 59-year-old subjects
from 1997 to 2004. Eighty-eight percent of visits
were men and 46% of ambulatory visits were
between the ages of 20–29 years. When comparing where patients presented, 59.9% were seen in
the physician’s office, 33.6% in the emergency
department, and 6.5% were seen in another outpatient department. Regarding the geographic
region, the South represented the most cases
(39.1%), followed by the Midwest (28.4%),
Northeast (16.7%), and the West (15.9%).

36.2

Epidemiology

There are specific injury patterns that are more
common in basketball participants [10]. Ankle
sprains are the most common injury sustained by
basketball players [8, 10–12], followed by patellofemoral inflammation, and lumbar strains [10].
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The most common mechanism of ankle sprains is
an inversion moment with the ankle plantarflexed
during single-legged landing [12, 13]. Drakos
et al. retrospectively reviewed 1094 professional
players (3843 injuries) within the National
Basketball Association (NBA) database from
1988 to 2005 [10]. They found a total of 12,594
injuries, with 62% occurring in the lower extremity and 57.8% occurring during in-season games.
The rate of lower extremity injury was 11.1 per
1000 athlete-exposures, with lateral ankle sprains
being the most common lower extremity injury
(3.2 per 1000 athlete-exposures, 13.2%), accounting for 8.8% of all games missed. Herzog et al.
recently studied 389 NBA players with 796 ankle
sprains from 2013 to 2017 [11]. They showed
that the overall single-season risk of an ankle
sprain was 25.8%, with 71% occurring in games
and 71.2% involving contact mechanisms.
Zuckerman et al. found that from 2009 to 2015,
ankle sprains were the most common injury for
male (17.9%) and female (16.6%) NCAA basketball players. Borowski et al. reported 1518 injuries (1.94 per 1000 athlete-exposures) in high
school basketball players from 2005 to 2006 and
2006 to 2007 years. They found that ankle and
foot injuries (39.7%) were the most common site
of injury.
Other common foot and ankle injuries in basketball include muscle strains [14], stress fractures [15–18], Lisfranc injuries [19–21], and
Achilles [22–24] injuries. Drakos et al. showed
that the incidence of other common foot and
ankle injuries in the NBA are as follows: triceps
surae strain (2.1% injuries, 3.5% games missed),
Achilles tendinopathy (1.6% injuries, 1.8%
games missed), foot sprain (1.6% of injuries,
1.5% games missed), and foot fracture (0.8% of
injuries, 0.6% games missed) [10]. In contrast to
most studies, Rodas et al. showed that during
nine seasons (2007–2015), there were 463 injuries among Spanish professional basketball players [14]. Muscle sprains (21.2%) were almost
twice as common as ankle sprains (11.9%). Khan
et al. found that among 75 NBA players (76 stress
fracture injuries), the most common location for
stress fractures was the fifth metatarsal (18.6%).
Other locations included other foot bones

(14.5%), tibia (10.5%), ankle (5.3%), and navicular (3.9%). Boden classified stress fractures as
low-risk or high-risk injuries [25, 26]. Low-risk
stress fractures usually heal with nonoperative
treatment. These injuries include the calcaneus,
lateral malleolus, cuneiforms, and cuboid. High-
risk injuries have an increased risk for progression, delayed union, or nonunion. These locations
include the proximal fifth metatarsal, navicular,
sesamoid, talus, and medial malleolus. The pattern of Lisfranc injuries differs based on the
sport, with traditional medial column instability
being more prevalent in basketball-related injuries [19]. The mechanism for Achilles tendon
ruptures is sudden forceful plantarflexion in a
fixed plantigrade position during push off [27].
Achilles tendon ruptures have been shown to be
devastating injuries in basketball players, with up
to 39% of players failing to return to play [22].

36.3

Risk Factors

There are extrinsic and intrinsic risk factors for
basketball-related injuries. Extrinsically, basketball is a high-intensity game that requires frequent directional changes and jump-landing.
Matthews et al. showed in their study of nine
British female basketball players, there was an
average of 652 movements per game (35 jumps,
49 sprints, 151 walks, 119 jogs/runs, 298 shuffles) [28]. This corresponded to a change in activity every 2.82 s. For male basketball players,
Abdelkrim et al. studied time-motion analysis for
38 elite under-19 year old basketball players in
the Tunisian Basketball Union [29]. They found
an average of 1050 movements per game (44
jumps, 55 sprints, 110 jogs/runs, 276 stand/
walks, and 466 shuffles). Scanlan et al. found that
in-game intensity increased in elite Australian
men’s basketball players when compared to sub-
elite players [30]. As a result, overuse injuries
can result from submaximal microtrauma without adequate adaptation and recovery [31, 32].
Additionally, basketball schedules for professional players require several back-to-back
games and long road trips [33]. Sleep deprivation
during the season can affect cardiopulmonary
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performance and cognitive performance [34–36].
Mougin et al. found that after sleep deprivation in
seven subjects, heart rate and ventilation
increased while oxygen consumption decreased
during submaximal exercise [36]. Taheri et al.
studied the effects of 24-h sleep deprivation in 18
healthy male subjects [35]. They found that reaction time was significantly delayed after sleep
deprivation. However, peak anaerobic activity
during cycling was not affected. Thus, repetitive
loading during basketball activities and lack of
recovery decreases cognitive function and
increases the risk for sustaining basketball-
related injuries [25, 26, 28, 29, 37].
Sport specialization in young athletes is
another extrinsic risk factor for sustaining
basketball-related injuries. The American
Orthopaedic Sports Society Meeting (AOSSM)
defines sports specialization as prepubertal athletes participating in a sport for at least 8 months/
year at the exclusion of other sports [38]. Sports
specialization has become increasingly popular
among basketball players. In 2015, the NCAA
reported that 49% of male and 55% of female
division I basketball players reported specializing by the age of 12 years [39]. Professional players are even more specialized, with 85% of NBA
first-round draft picks being specialized in basketball in high school [40]. The emphasis on preparing young athletes for collegiate or
professional play has increased the intensity and
duration of sports training [41]. Cuff et al.
reported that high school athletes who played
year-round sports had a 42% increased risk of
overuse injury [42]. Additionally, Jayanthi et al.
showed that injured athletes reported more organized sports activities (11.2 h/week) compared to
uninjured athletes (9.1 h/week) [43]. Although
highly specialized athletes did not have an
increased risk of acute injuries, their risk of overuse injuries was significantly higher and dose-
dependent [43, 44]. Adolescent athletes are
particularly susceptible to overuse injuries due to
the presence of open physis, which is less resistant to tensile loads than adult bone [41, 45].
Additionally, a lack of lean muscle mass and
joint hypermobility can also factor into the
increased risk of overuse injuries during sport
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specialization. Another concern with sports specialization is that it prevents young players from
developing transferable skills and may increase
sport burnout [43, 46]. Field et al. found that
sports specialization had a greater effect on overuse injuries in females compared to males [47].
Rugg et al. studied 237 first-round draft pick
NBA players from 2008 to 2015. They found that
multisport athletes sustained fewer major injuries
during their career (25% vs. 43%) and had greater
career longevity (94% vs. 81%) when compared
to single-sport athletes.
Intrinsic factors such as gender differences
have been well reported in sport-related injuries
[12, 48–52]. Borowski et al. reported an injury
rate of 2.08 per 1000 athlete-exposures in females
high school basketball players compared to 1.83
per 1000 athlete-exposures in men [12]. Women
sustained more concussions and knee injuries
while men sustained more foot and ankle injuries. Zuckermann et al. showed that from 2009 to
2015, men had a higher rate of collegiate basketball injuries (2308 injuries, athlete-exposures
7.97 per 1000) compared to women (1631 injuries, 6.54 per 1000 athlete-exposures) [48]. There
was a 32% higher relative risk for men sustaining
ankle sprains. In contrast, women had a relative
risk of 2.84 for sustaining an ACL injury compared to men. Women sustained more overuse
injuries in practice (relative risk 1.66) while men
sustained more contact injuries during competition (relative risk 1.46) and practices (relative
risk 1.72). Detich et al. studied injury rates within
the NBA and Women’s National Basketball
Association (WNBA) from 1996 to 2002. They
found that WNBA players sustained more game-
related lower extremity injuries (14.6 per 1000
athlete-exposures) compared to NBA players
(11.6 per 1000 athlete-exposures).
Gender-related factors such as lean muscle
mass, bone density [53, 54], proprioception
[55, 56], and neuromuscular control [57–59]
may play significant roles in injury rates among
male and female athletes. [49] Hewett et al.
studied 205 female adolescent soccer, basketball, and volleyball players utilizing threedimensional kinematic analysis prior to their
respective seasons [57]. The authors found that

448

the nine subjects that sustained ACL injuries
had abnormal knee abduction and dynamic valgus during landing tasks. Bone stress injuries
are classically associated with women due to
the athletic triad [60]. Interestingly, Tenforde
et al. found in their study of 239 female collegiate athletes that all female basketball players
(n = 9) were at low risk for developing stress
injuries [54]. In another study, Tenforde et al.
also showed that 43% of male athletes with
bone stress injuries had low bone mineral density [53]. Low vitamin D levels, thyroid levels,
and testosterone levels did not correlate with
male athletes developing bone stress injuries.
Individuals who have intense running routines
are also at risk for sustaining bone stress injuries [61].
Neuromuscular control is also an important
factor for sustaining ankle sprains [59, 62]. It has
been shown that up to 50% of ankle sprains occur
during landing [12, 13]. Van Der Does et al. studied 75 male and female basketball, volleyball,
and korfball players with baseline kinematic
screening [59]. The authors found that players
with increased ankle dorsiflexion moment during
repetitive jumping and unstable landing mechanics were more predisposed to sustaining ankle
sprains. Additionally, individuals with chronic
ankle instability have continued altered kinematics with decreased knee flexion and dynamic stability during landing testing [62, 63]. Wilkerson
et al. studied 30 active adolescents with chronic
ankle instability [64]. Isokinetic testing showed
that subjects had less inversion strength than
eversion strength during peak torque and average
torque testing. Similarly, Hartsell et al. studied
concentric and eccentric ankle strength in 10 subjects with chronic ankle instability compared
with 14 control subjects [65]. They found that
eversion and inversion strengths were weaker in
subjects with chronic instability. McGuine et al.
studied baseline static single-leg balance testing
in 210 male and female high school basketball
players without a recent ankle sprain [55]. They
found that players with high postural sway during
single-leg balancing had a ten times increased
risk of sustaining and ankle sprain during the season. There were no differences in sustaining
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ankle injuries for gender and laterality. Hoch
et al. performed a matched control retrospective
study on 60 participants with and without chronic
ankle instability [56]. They found that individuals
with chronic ankle instability had decreased anterior excursion during weight-bearing lunge testing. Although there has been some association
with hip abduction weakness correlating with
increased ankle sprains [66, 67], McHugh et al.
showed that balance ability and hip strength did
not correlate with sustaining an ankle sprain [68].
Anatomical factors such as lower extremity
alignment has also been thought to contribute to
basketball-related injuries. Foot supination,
which is more common in the guard position, has
been associated with patellar tendinopathy in
basketball players [69] as well as recurrent bony
stress injuries [61]. Stress fractures to the proximal fifth metatarsal have been associated with
varus hindfoot alignment (Figure 36.1) [70–72].
Additionally, stress fractures of the fourth metatarsal have been associated with metatarsus
adductus (Figure 36.2) [73]. Nunley et al.
reported on 54 athletes with 58 s metatarsal stress
fractures and found that there was an association
with a short first metatarsal and Achilles contracture [74]. Gallagher et al. found that a second
metatarsal length to foot length ratio < 29% was
associated with sustaining ligamentous Lisfranc
injuries [75]. Also, Podolnick et al. showed that
midfoot cavus as measured by a positive talo-first
metatarsal angle and talonavicular angle correlated with ligamentous Lisfranc injuries [76].

Fig. 36.1 Pes cavus foot with peek-a-boo heel sign
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Fig. 36.2 Metatarsus adductus with stress fracture of the fifth proximal metatarsal (asterisk) seen on AP (a), oblique
(b), and lateral (c) plain radiograph views

De Cesar Netto et al. studied the hindfoot and
forefoot alignment of 45 active NBA players
(54 feet) with various foot and ankle injuries utilizing weight-bearing cone computed tomography [77]. Most of the players presented with
stress fractures of the fifth metatarsal (n = 15) and
navicular (n = 8). The authors concluded that
players with symptomatic foot and ankle injures

tended to have slightly cavus foot alignment.
Talar body stress fractures have been associated
with excessive subtalar pronation and lateral calcaneus impingement onto the posterolateral talus
[78]. Ankle sprains in basketball do not appear to
correlate with overall foot alignment, but instead
correlate with neuromuscular control during
landing activities [69].
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36.4

Evaluation and Diagnosis

related injuries [80]. Given the recent concerns
over the physical demands of the NBA schedule,
The initial evaluation of a basketball-related foot the league reduced back-to-back games from
and ankle injury should begin with a thorough 19.3 to 17.8 per team [33]. Additionally, long-
history. The mechanism and position of the foot distance back-to-back games were reduced from
at the time of injury can help to formulate a dif- 111 to 85 and four games in 5 days were reduced
ferential diagnosis. Lateral ankle sprains tend to from 2.3 to 0.9 per team.
Proprioception and neuromuscular training
occur with the foot in a plantarflexed and inverted
position while a syndesmotic injury occurs with can reduce basketball-related injuries. Emery
the foot in a dorsiflexed and everted position. A et al. performed a randomized prospective study
physical examination should include assessing on 920 high school basketball players in Canada
the overall limb alignment. As previously men- undergoing a home-based balance training protioned, genu valgum or cavovarus foot alignment gram using a wobble board [81]. At 1-year folcan predispose athletes to certain injury patterns. low-up, there was a 17% relative risk reduction in
Careful evaluation of shoe wear to assess midsole all lower extremity injuries and 29% relative risk
flexibility, collar height, and outsole traction can reduction in ankle sprain injuries. Similarly,
provide useful information for the clinician. If McGuine et al. performed a randomized control
possible, assessing the ability to load the affected trial on 765 high school soccer and basketball
limb during ambulation can help determine the players utilizing a five-phase balance training
severity of injury. Skin inspection for focal swell- program [82]. Exercises included single-leg
ing and ecchymosis can help correlate the loca- stance, single-leg squat, single-leg stance with a
tion of injury. Palpation should also be used to rotating board, and functional dribbling. Athletes
localize involved anatomic structures. Special who underwent balance training sustained less
tests such as ankle drawer tests or syndesmosis ankle sprains (6.1%, 1.13 per 1000 athlete-
testing may be difficult to perform in the acute exposures) compared to the control group (9.9%,
stage of injury and should be delayed for 5 days. 1.87 per 1000 athlete-exposures). More recently,
Finally, a thorough neurovascular examination of the FIFA 11+ warm-up program was developed.
Initially developed for female soccer players, this
the lower extremity should be performed.
Plain radiographs should be performed if the program utilizes core stability, balance, dynamic
athlete is unable to bear weight or if there is focal stabilization, and eccentric hamstring strength. It
bony tenderness, as indicated by the Ottawa has been shown to reduce lower extremity injuAnkle Rules [79]. Magnetic resonance imaging ries by 32%, overuse injuries by 53%, and severe
(MRI) can be performed in patients with chronic injuries by 45% [83]. Longo et al. studied the
ankle pain despite adequate conservative treat- effectiveness of the FIFA 11+ program for injury
ment to rule out intra-articular pathology. prevention in European male elite basketball
Additionally, MRI may be useful for detecting players [84]. In their cohort of 121 players during
subtle Lisfranc, syndesmosis injuries, and bony the 9-month season, there was a reduction in
stress injuries. Weight-bearing computed tomog- overall injuries (0.95 per 1000 athlete-exposures
raphy (CT) scan should be used to characterize vs. 2.18 per 1000 athlete-exposures) and lower
extremity injuries (0.68 per 1000 athlete-
Lisfranc injuries and aid in surgical planning.
exposures vs. 1.4 per 1000 athlete-exposures).
However, there was no difference in game injuries, knee injuries, or ankle injuries. The effec36.5 Injury Prevention
tiveness of the FIFA 11+ program may be limited
Basketball injury prevention is multifaceted and by the lack of jump-landing training that is
involves a multidisciplinary approach. Improving required for basketball. Aerts et al. performed a
rest, proprioception, neuromuscular control, flex- randomized control trial on 116 amateur players
ibility, and external support can reduce basketball- (aged 15–41 years old) who underwent
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jump-landing neuromuscular training [85]. The
experimental cohort improved their dynamic hip
and knee flexion as well as knee valgus during
take-off. Gastrocnemius stretching has not been
shown to effectively reduce the incidence of foot
and ankle injuries [86].
Shoe wear modifications have been implemented to potentially reduce the incidence of foot
and ankle injuries in athletes [87, 88]. These modifications include cushioning, midsole hardness,
forefoot stiffness, outsole traction, collar height,
and shoe mass [89]. Adequate outsole traction and
forefoot stiffness are the most important factors
for improved athletic performance in basketball
[90]. Biomechanically, three quarter top basketball shoes have been associated with 29.4%
greater inversion moment resistance when compared to low-top basketball shoes [91].
Additionally, ankle tape has been shown to
improve inversion moment resistance by 7.8%
[88]. The clinical benefits of high top basketball
shoes has not been shown in the literature. Barrett
et al. randomized 622 college intramural basketball players with chronic ankle instability into
high-top basketball shoes, high-top basketball
shoes with an inflatable chamber, and low-top
basketball shoes [91]. After 2-month follow-up at
the end of the intramural season, there were 15
ankle sprains with no difference in ankle sprains
among the three groups. A prospective study by
Curtis et al. looked at NCAA division I–III basketball players who sustained lateral ankle sprains
during the 2005–2006 basketball season [92].
They found no difference in the rate of ankle
sprains in individuals wearing cushioned column
or non-cushioned column shoes. Leong et al.
compared contact pressures during basketball-
specific activities for soft and hard midsole shoes
[93]. Although players preferred soft midsole
shoes, there was greater contact pressure deviations for soft midsole shoes. Most recently, Helton
et al. found that moderate torsional stiffness shoes
reduced lower extremity injuries by 49% and
overuse injuries by 52% compared to shoes with
minimal torsional stiffness [94].
External ankle support can also augment shoe
support in basketball players. The goals of external ankle support are to improve dynamic stabil-
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ity without impeding athletic performance. Older
studies have shown that ankle taping reduces the
incidence of ankle sprains and improves proprioception [95, 96]. Sitler et al. studied 1601 United
States Military Academy cadets who participated
in the 1990–1991 intramural basketball season
[97]. They found nearly a threefold reduction in
the ankle injury rate for subjects who wore a
semi-rigid ankle brace (1.6 per 1000 athlete-
exposures vs. 5.2 per 1000 athlete exposures).
Eils et al. studied ankle stability conferred by ten
different soft, semi-rigid, and rigid ankle braces
[98]. In their cohort of 24 subjects with chronic
ankle instability, the authors found that semi-
rigid ankle braces resisted rapidly induced inversion moment by 31–49%, depending on the brace
used. McGuine et al. performed a randomized
control trial on 1460 high school male and female
basketball players during the 2009–2010 season
[99]. Players who were randomized to the laceup ankle brace group had a 68% reduction in the
incidence of ankle sprains when compared to the
control group (0.47 per 1000 athlete-exposures
vs. 1.41 per 1000 athlete-exposures). The
National Athletic Trainers’ Association (NATA)
2013 guidelines for ankle sprain management
states that ankle bracing and taping should be utilized for recurrent ankle instability rather than
prophylactically [100].

36.6

Treatment and Return
to Play

Guidelines for the treatment of ankle sprains
have been published by NATA in 2013 [100].
The mainstays for ankle sprain treatment include
rest, ice, compression, and elevation (R.I.C.E.).
Grade I and II ankle sprains should undergo
functional rehabilitation rather than immobilization [101, 102]. Grade III ankle sprains should
be immobilized for at least 10 days in a boot or
below-knee cast and then functional training
once the pain and edema improve. Throughout
rehabilitation, balance training and neuromuscular training should be utilized. Return-to-play
considerations should include subjective patient
perception and functional performance testing
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during sport-specific tasks. The injured limb’s
functional performance should measure at least
80% of the uninjured limb prior to return to play.
Overall, ankle sprains have a more promising
prognosis for return to play. Nelson et al. and
Herzog et al. showed that 56% of NBA players
sustaining an ankle sprain did not miss any
games, with the median games missed being two
games [11].
Athletes with Achilles tendinopathy are initially treated conservatively. Treatment modalities include rest, ice, NSAIDs, stretching, and
heel lifts. Athletes with flatfoot deformities can
use medial longitudinal arch support. Night
splints can also be utilized to improve equinus.
Achilles tendon corticosteroid injections should
be avoided to prevent the risk of an Achilles rupture. In contrast, Athletes with a high-grade partial or complete Achilles rupture should undergo
surgical repair. Surgical options include minimally invasive [103, 104], percutaneous [105],
and open approaches. Postoperatively, athletes
can undergo traditional non-weight-bearing for
4–6 weeks versus accelerated rehabilitation protocol with early weight-bearing [106, 107].
Return to play after orthopedic surgeries in
basketball players varies by the nature of the
injury and level of play. Achilles injuries have
been shown to be one of the most debilitating
injuries for basketball players [22, 24, 27, 91].
Minhas et al. studied the effects of orthopedic
surgeries on return to play for 348 NBA players
[24]. Players that sustained an Achilles tear
tended to be the oldest (28.4 years old) and the
most experienced (6.5 years) in the injury cohort.
Achilles repairs had a marked lower return-to-
play rate (70.8%), lower player efficiency rating
(−2.46), and less games played (17.1 games)
compared to other injuries. The mean time to
return to play was 10.5 months [27]. At the 1 and
2 years postoperative period, NBA players performed worse (year 1: 74.8% and year 2: 77.7%)
than Major League Baseball (MLB) players
(87.8% and 112.4%), respectively [23].
Lower extremities such as ankle sprains and
Lisfranc injuries have a better return-to-play
prognosis. Herzog et al. studied 389 NBA players
with 796 ankle sprains (lateral, medial, and high)
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over a 4-year period. They found that the median
NBA games missed were lateral (2 games),
medial (3 games), and high (5 games).
Additionally, median days for return to play were
lateral (8 days), medial (8 days), and high
(24 days). Rodas et al. reported the mean return-
to-play time for 59 professional European basketball players was 84 days for ankle sprains
[14]. Nelson et al. reported that among high
school athletes in the United States, athletes
missed less than 7 days of activity (51.7%),
7–21 days (33.9%), and more than 22 days
(10.5%) [108]. McGuine et al. specifically studied 23 high school basketball players with ankle
sprains [55]. They found that less than 7 days was
missed in 56.5% of players, followed by 39.1%
and 4.3% of players missing 7–21 and greater
than 21 days of activity, respectively.
Porter et al. showed that return to play is
determined by the specific Lisfranc injury pattern [19]. Traditional medial column instability, more commonly seen in basketball and
football injuries, had a mean return to play of
7.5 months. This contrasts with more severe
middle column instability pattern, more common in wakeboarding injuries (return to play
8.4 months). MacMahon et al. retrospectively
reviewed 38 patients who underwent primary
arthrodesis for a Lisfranc injury [109]. At a
mean follow-up of 5.2 years, patients had similar postoperative levels with high impact activity (44.8%), with 97% patient satisfaction
despite worse postoperative outcome scores.
Mora et al. studied 31 patients (under 56 years
old) who underwent open reduction and internal fixation for a Lisfranc injury with screw or
plate fixation [110]. At a mean time of 2.9 years
follow-up, 94% of the cohort was able to return
to some level of recreational sport, with 66%
returning to their previous sporting level.
Osbahr et al. studied 15 National Football
League (NFL) players who sustained midfoot
sprains in a 15-year period [111]. All grade 1
sprains underwent nonoperative treatment with
a walking boot. Conversely, grade 2 midfoot
sprains with latent diastasis underwent either
nonoperative or operative treatment. They
found that grade 1, 2, and 3 sprains had mean
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return-to-play times of 1.9 days, 26.1 days, and
73 days, respectively. Nonoperative subjects
had a 92% successful return-to-play rate.
Khan et al. reported on 76 lower extremity
bony stress injuries in 75 NBA players from
2005 to 2015 [15]. The injury cohort missed a
mean of 25.1 games and 38% of injuries were
managed surgically. All proximal fifth metatarsal injuries (n = 14) were treated surgically.
Overall, 30% of players with stress injuries did
not return to play. Forty-three percent of fifth
metatarsal stress fractures failed to return to
play. Of note, 19.7% of patients sustained subsequent stress injuries. O’Malley retrospectively
studied 10 NBA players with proximal fifth
metatarsal fractures [18]. Players were treated
with intramedullary screw fixation and bone
marrow aspirate concentrate (BMAC). They
found a radiographic healing rate of 7.5 weeks
and mean return to play of 9.8 weeks. Three
players sustained refractures and had a rate of
metatarsus adductus.

36.7

Conclusion

Basketball-related injuries are common due to
the multidirectional nature of the sports. Frequent
jump-landing and vigorous play predispose basketball players to injury. Prevention of basketball
injuries is multifaceted and includes neuromuscular training, adequate shoe wear, ankle support,
and limiting sport specialization. Nonoperative
treatment of ankle sprains yields successful outcomes but can lead to neuromuscular deficits if
proper functional training is not utilized. The
return-to-play outcomes after Achilles tendon
ruptures are not as promising, with a significant
number of basketball players failing to return to
play.
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37.1

Introduction

The basketball athlete faces repetitive rapid
acceleration and deceleration, cutting, jumping,
and pivoting. Basketball-related injuries are the
most common type of sports-related injury in
patients under the age of 25 years and second in
those aged 25–40 [1]. In 2017, the National
Electronic Injury Surveillance System (NEISS)
recorded more than 1.46 million individuals who
had a sports-related injury treated in an American
emergency department [1]. Of those, basketball
represented over 34% of total injuries with
500,085 suffering injuries with the most common
injury was related to the ankle. In a 17-year study
of all injuries in the National Basketball
Association, the foot and ankle were most commonly involved with 1850 injuries (14.7% of all
injuries) [2]. There were 1123 game-related ankle
injuries (17.9%). The foot contributed to 962
more injuries (7.6% of all injuries).
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37.2

Pathomechanism

Lateral ankle sprains generally result from axially loading a plantar-flexed ankle during inversion. When the ankle is in plantar-flexion, the
ankle’s stability relies on the robust, but often
injured soft tissue structures, which, without
osseous stability, are more susceptible to injury.
The anterior talofibular ligament (ATFL), which
is tight in plantar-flexion, is the most commonly
injured portion of the lateral ligament complex
[3], followed by the calcaneofibular ligament
(CFL, tight at ankle neutral), and less frequently,
the posterior talofibular ligament (PTFL). A classic basketball injury occurs when a player inverts
his ankle on another player’s foot while landing
after a jump or rebound [4]. However, many
ankle sprains occur as the athlete attempts to
move around players during cutting or pivoting
maneuvers. The focus of the athlete’s attention is
shifted away from the playing surface, thereby
exposing the lower extremity to injury.
Residual disability after ankle sprains is present in 32–76% of patients [5, 6]. Patients may
continue to have symptoms, including persistent
synovitis or tendinitis, restrictions in the arthrokinematics of the ankle, swelling, muscle weakness, degenerative changes, and recurrent
instability.
The etiology of chronic ankle instability is
multifaceted, caused by a combination of a
mechanical or functional phenomenon [7].
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Mechanical instability is defined by a loss of
structural support by the ATFL and CFL through
frank tear of the ligaments or if the ligaments
healed in an elongated state. This structural loss
allows for pathologic laxity and excessive motion
of the ankle joint. This hypermobility is in contrast to functional instability which is due to a
loss of neuromuscular and postural control, proprioception, and muscle strength [8]. In this type
of instability, the foot may seem to “give way”
after an ankle sprain [9].
In Freeman’s opinion [9], functional instability results from postural stability deficits.
However, specific differences in postural control
between mechanical and functional instability
are not as well-defined as the early literature
leads one to believe. In a recent study of a comparison of mechanical and functionally unstable
patients and healthy controls, mechanically
unstable ankles showed significantly greater postural sway in all directions compared with those
in the control group with eyes closed [7]. In the
functionally unstable group, no difference was
found in postural sway compared with healthy
ankles. However, regardless of the etiology, both
the types of instability increase the risk of athletic
injury.
Fact Box: Pathophysiology of Chronic
Lateral Ankle Injury

• Basketball players are prone to lateral
ligamentous ankle injuries.
• The ATFL is the most commonly injured
lateral ligament.
• Chronic ankle instability is due to a
combination of neural, muscular, and
structural deficits.

of all injuries) in both the National Basketball
Association (NBA) and the Women’s National
Basketball Association (WNBA). In a prospective study spanning 17 NBA seasons from 1988
to 2005, Drakos et al. [2] found that ankle sprains
accounted for 11.6% of all games missed, making them the third most common reason for
games being missed. The incidence of ankle
sprain is more than twice as common as any other
injury at 3.4 per 1000 athlete exposures. In a
2-year prospective study of female Greek professional basketball players, most ankle sprains
occurred within the 3-point line and occurred
during games rather than practice. The highest
rate of injury was in centers, followed by guards
and forwards [14]. This cohort had an ankle
sprain rate of 1.12 per 1000 h of exposure to
injury.
Though the incidence of ankle sprains is
higher in athletes who have had a prior ankle
sprain [15–17], there is conflicting evidence in
the literature as to other demographical risk factors for ankle sprains. Among collegiate basketball players, Hosea et al. [18] found a higher rate
of grade I ankle sprains in women than in men by
25%, but for higher grade sprains the incidence
was similar between groups. However, the study
on NBA and WNBA basketball players found no
difference in incidence of ankle sprains between
genders [13]. A study of high school athletes
found that males with a higher body mass index
(BMI) had a higher incidence of ankle sprains
[16]. Similarly, in a study of 10,393 recreational
basketball players, McKay et al. found that the
risk of ankle injury was not related to gender,
age, height, or weight [17].

37.4
37.3

Epidemiology

Ankle sprains are the most frequent injury sustained in basketball players [10–12]. In a series of
professional basketball players reported by
Deitch and colleagues [13], lateral ankle sprains
were the most common injury diagnosis (13.7%

Therapy and Rehabilitation

When undertreated, chronic lateral ankle instability can possibly lead to recurrent sprains,
chronic pain, peroneal tendon injuries, osteochondral lesions, and early arthritis. Nonoperative,
functional rehabilitation and therapy is the preferred method of treatment for chronic lateral
ankle instability, regardless of grade. In the office
or training room, an athlete suspected of chronic

37 Management of Chronic Ankle Instability in the Basketball Player

instability can mimic several subtle injuries,
including an anterior process of the calcaneus
fracture, a lateral talar process fracture, a fifth
metatarsal stress fracture, osteochondral lesion of
the talus, or a peroneal tendon tear or rupture. If
after the appropriate amount of rest and rehabilitation the athlete has persistent dysfunction, then
further evaluation should be performed, which
usually includes MRI evaluation. Findings may
include a concomitant injury not previously
appreciated, such as an osteochondral lesion of
the talus or peroneal tendon pathology, which
would warrant further management [19].
Prolonged immobilization following ankle
sprains is a common treatment error in the general population [20]. Functional rehabilitation
serves as the traditional model for the management of chronic lateral ankle instability in basketball players. There are well-documented deficits
in proprioception, balance, and motor control following chronic instability events—functional
therapy serves to address these deficits [21–24].
One study specifically found strength deficits
existing up to 6 months following injury which
can lead to further injury, especially in high
demand athletes [25].

Fact Box: Rehabilitation and Therapy for
Chronic Ankle Instability

• The traditional method of functional
rehabilitation includes immediate range
of motion activity, strengthening, proprioceptive exercises, and sport-specific
activity.
• Sport-specific training can challenge the
somatosensory system of basketball
players to enhance proprioception.
• There is growing evidence for new therapeutic modalities including blood flow
restriction training.

The four primary aspects of functional rehabilitation are range of motion, strengthening, proprioception, and activity-specific training. Range
of motion activity must be initiated as soon as
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possible with emphasis on Achilles tendon
stretching. Strengthening should target all muscles of bilateral ankles, starting with isometric
activity and progressing to dynamic resisted
exercises and sport-specific training [26]. As an
athlete achieves weight-bearing without pain,
proprioceptive training is initiated. Therapists
often use various dynamic platforms and surfaces
to test an athlete’s rehabilitative recovery [27].
Exercises that challenge the somatosensory system with even and uneven surfaces have proven
to be effective for reducing ankle sprains in athletes [28]. Basketball-specific drills can integrate
passing, ball handling, and multidirectional reactive drills with various stimuli to emphasize
external focus of attention during proprioceptive
training. Finally, the basketball player must
return to sport-specific training with pain-free
activity and movements. Treating therapists must
create exercises that emulate and challenge the
neuromuscular coordination required for
basketball-specific movements.
Recently, there has been growing interest
toward blood flow restriction training. There is
some early evidence supporting promotion of
muscular hypertrophy and strength increases
with the advantage of lower loading on painful
joints and bones [29, 30]. In application with
chronic ankle instability, blood flow restriction
therapy addresses pain modulation with decreasing the load across the painful, recently injured
ankle while diminishing disuse atrophy [31]. At
this time, there is no specific research dedicated
to blood flow restriction training in basketball
players.

37.5

Operative Treatment

Operative options are reserved for basketball
players who have failed to respond to nonoperative management. This is a rare occurrence.
Surgical management of chronic lateral ankle
instability attempts to restore the native ankle
anatomy and joint kinematics. The options for
anatomic surgical techniques include lateral
ankle ligament repair versus anatomic allograft/
autograft/braided polyblend suture reconstruc-
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tion. The determination of which strategy is used
is based on the degree of injury and tissue quality
from preoperative imaging.
The most common surgical technique that
aims to restore the anatomic lateral ligamentous
complex while preserving kinematics is the
Brostrom procedure. This procedure includes
many modifications over the years that maintain
the primary goal of ankle stability and motion
preservation. This procedure is designed to repair
the ATFL and CFL in their normal anatomic locations [3] (Figures 37.1–37.6) The Brostrom technique has shown excellent results for the
treatment of chronic lateral ankle instability with
26 years follow-up [32]. Gould et al. described an
augmentation step to the Brostrom repair that
incorporates the inferior extensor retinaculum
secured to the fibula [33]. This has the effect of
reinforcing the ATFL repair, limiting inversion

Fig. 37.1 ATFL and CFL exposure

Fig. 37.2 Inspection of peroneal tendons after CFL
exposure

C. E. Gross et al.

and stabilization of the subtalar joint. This modification has been shown to increase strength of
the repair by 50% [34]. Li et al. found that using

Fig. 37.3 Creation of bleeding surface on fibula

Fig. 37.4 Placement of suture anchor at anatomic location at ATFL

Fig. 37.5 Advancement of ligament to fibula
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Fig. 37.6 Advancing inferior extensor retinaculum over
repair

suture anchors in a variant of the Gould-modified
Brostrom procedure was effective in returning
high-demand athletes to pre-injury function [35].

Fact Box: Operative Management for
Chronic Ankle Instability

• Operative management is reserved for
patients who have shown little to no
improvement after prolonged physical
therapy and strengthening regimen.
• There is good evidence supporting
return to pre-injury status for Brostrom
procedure with Gould modification as a
successful procedure in high-impact
elite athletes.
• When there is severe tissue attenuation,
anatomic lateral reconstruction with
allograft or autograft tendon has been
equally effective to standard anatomic
repair.

When tissue quality is inadequate, another
surgical option is anatomic lateral ligamentous
reconstruction. This procedure entails using
either autograft or allograft tendon to reconstruct
the CFL and ATFL ligaments in anatomic position by using bone tunnels or suture anchors.
Appropriate tensioning of the graft is paramount
to the success of the surgery with the goal of
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emulating the native lateral ligaments. One study
used semitendinosus or gracilis non-irradiated
allografts for lateral ligament reconstruction with
interference screws and found no significant difference in any outcome score when compared to
standard anatomic ligamentous repair [36].
Another option is augmenting the native tissue
(or after a Brostrom) with a suture tape device. In
a recent study by Cho and colleagues, patient-
reported functional outcomes significantly
improved after lateral ligament augmentation
using suture tape. Isokinetic peroneal strength
and postural control improved; however, there
was no positive effect on proprioception of the
ankle [37].

37.6

Return to Sport

When treating basketball players or elite athletes
in general, the first question asked of orthopedic
surgeons is when they will be able to return to
play. The general post-injury protocol consists of
2–4 weeks of immobilization with slow return to
rehabilitative exercises and range-of-motion therapy. Following range-of-motion improvement,
proprioceptive training is introduced. Broadly
speaking, return to play has been considered
when an athlete is not experiencing pain or swelling with therapeutic activity. Further assessment
of ankle stability, strength, balance, and postural
control help guide the treating physicians and
therapists for return to sport. Simple protocols
are often used to determine readiness for return
such as cutting exercises, agility drills or sport-
specific activities (such as double jumps in basketball) [35]. Ultimately, readiness for play is
based on a multidisciplinary approach with active
participation between the treating physician,
physical therapist, team training staff, and the
player.
In regard to postoperative rehabilitation following a modified Brostrom operation, there is
minimal literature guiding athletes and physicians to predicting return to training and sport.
Lee et al. retrospectively reviewed 18 elite athletes (including basketball players) who underwent a modified Brostrom procedure following
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failed conservative management and found the
mean length of time to return to personal training
was 2 months, return to team training was
3 months and return to play was 4 months. About
83.3% returned to pre-injury level of sports activity by 4 months and all resumed participation
8 months after lateral ankle repair [38]. At our
institutions, we allow the player to return to play
after 6 weeks of protected weight-bearing and
8–12 weeks of rehabilitation.

37.7

Injury Prevention

The most important risk factor for an ankle
sprain is a previous ankle sprain. One study
found a fivefold increase in ankle injuries in
previously injured basketball players compared to those with no previous history of ankle
injury [17]. This predilection is thought to be
due to a combination of mechanical and functional instability. One of the most predictable
ways to prevent recurrent or chronic instability
is to fully rehabilitate the initial injury by
focusing on optimizing both proprioception
and peroneal strength [22]. This has been
shown to be effectively done through the use of
a balance or wobble board (also called ankle
disk training) [27].
Given the frequency of lateral ankle sprains
and the disability that results (including game
time loss and increased risk of re-injury), much
attention has been placed on the prevention of
these injuries. A Cochrane review of 14 randomized trials with 8279 total subjects was performed
to determine the effectiveness of various prevention strategies [39]. The only intervention that
showed a significant reduction in recurrent ankle
sprains was the use of an external ankle support
device (i.e., semi-rigid orthosis, air-cast brace)
[40, 41]. For basketball players returning to play,
some external bracing should be considered to
decrease the likelihood of recurrent ankle sprains
and predispose patient to further lateral ligamentous laxity [42].
Although athletic taping is frequently used
among basketball players upon return to play
after injury, it remains inconclusive as to whether

this modality effectively prevents recurrent ankle
sprains [39]. Biomechanical studies have
assessed the inversion restraint of ankle taping
and have found a decrease in restrictive capacity
and inversion resistance with prolonged activity
[43, 44, 45]. The downsides of athletic taping
include length of application, requirement of a
skilled trainer/therapist to apply, and known high
cost compared to some external ankle support
devices [46].

Fact Box: Injury Prevention

• The most important risk factor for recurrent ankle sprain is previous ankle
sprain.
• The only effective intervention that has
been proven to decrease ankle sprains is
a semi-rigid ankle orthosis external
brace.
• Among multiple studies, taping has
not been proven to be effective in
decreasing recurrent ankle strains and
has a poor biomechanical profile over
time.
• Pre-habilitation programs are being utilized among elite basketball players to
prevent ankle instability events.

Calf-stretching programs [47] and the use of
cushioned insoles were not found to effectively
reduce the risk of ankle sprains in the Cochrane
review. A separate study found that the presence
of air cells in the heel of the shoe was associated
with a higher rate of injury (4.3 times more
likely) while also stating that those who did not
stretch before a game were 2.6 times more likely
to injure an ankle than players who did [17]. In
a prospective study of intramural basketball
players, there was no difference in the rate of
ankle injury with those who wore high top
sneakers [48].
Prehabilitation programs currently utilized by
most NBA teams [49] emphasize overall fitness,
balance, and prevention strategies, such as landing with a wide-based stance.

37 Management of Chronic Ankle Instability in the Basketball Player

37.8

Conclusions

Injuries to the foot and ankle are frequent in both
competitive and recreational basketball, and are
an important source of significant time lost from
play. Because of the rapid acceleration and deceleration, cutting, jumping, and pivoting maneuvers involved in basketball, the foot and ankle are
particularly susceptible to both acute and overuse
injuries. Prevention strategies, appropriate operative intervention when indicated, and dedicated
functional rehabilitation are all important in the
management of the injured basketball player for
safe and timely return to play.

37.9

Summary

1. The ankle is the most injured joint in
basketball.
2. Most ankle sprains are noncontact injuries and
may occur while taking an awkward step during cutting or turning maneuvers.
3. The most important risk factor for an ankle
sprain is a previous ankle sprain. One of the
most predictable ways to prevent recurrent or
chronic instability is to fully rehabilitate the
initial injury by focusing on optimizing both
proprioception and peroneal strength.
4. Surgery should be reserved solely for failed
non-operative management. A lateral ligament anatomic repair or reconstruction is the
operative treatment of choice.
5. Return to play is based on an individualized,
functional rehabilitation protocol that should
incorporate sport-specific training to emulate
game-type movements.
Acknowledgments Declaration of Conflicting Interests:
None related to this chapter.
Funding: None.

References
1. Commission USCPS. NEISS data highlights 2017.
Washington DC 2017.
2. Drakos MC, Domb B, Starkey C, Callahan L, Allen
AA. Injury in the national basketball association: a
17-year overview. Sports Health. 2010;2:284–90.

465

3. Brostroem L. Sprained ankles. I Anatomic lesions in
recent sprains. Acta Chir Scand. 1964;128:483–95.
4. Powell JW, Barber-Foss KD. Sex-related injury patterns among selected high school sports. Am J Sports
Med. 2000;28:385–91.
5. Gerber JP, Williams GN, Scoville CR, Arciero RA,
Taylor DC. Persistent disability associated with ankle
sprains: a prospective examination of an athletic population. Foot Ankle Int. 1998;19:653–60.
6. Bosien WR, Staples OS, Russell SW. Residual disability following acute ankle sprains. J Bone Joint
Surg Am. 1955;37-A:1237–43.
7. Chen H, Li HY, Zhang J, Hua YH, Chen SY. Difference
in postural control between patients with functional
and mechanical ankle instability. Foot Ankle Int.
2014;35:1068–74.
8. Hertel J. Functional anatomy, Pathomechanics, and
pathophysiology of lateral ankle instability. J Athl
Train. 2002;37:364–75.
9. Freeman MA, Dean MR, Hanham IW. The etiology
and prevention of functional instability of the foot. J
Bone Joint Surg Br. 1965;47:678–85.
10. Dick R, Hertel J, Agel J, Grossman J, Marshall
SW. Descriptive epidemiology of collegiate men's
basketball injuries: National Collegiate Athletic
Association Injury Surveillance System, 1988–1989
through 2003–2004. J Athl Train. 2007;42:194–201.
11. Starkey C. Injuries and illnesses in the national basketball association: a 10-year perspective. J Athl
Train. 2000;35:161–7.
12. Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 15 sports: summary and recommendations for injury prevention initiatives. J Athl Train.
2007;42:311–9.
13. Deitch JR, Starkey C, Walters SL, Moseley JB. Injury
risk in professional basketball players: a comparison
of Women's National Basketball Association and
National Basketball Association athletes. Am J Sports
Med. 2006;34:1077–83.
14. Kofotolis N, Kellis E. Ankle sprain injuries: a 2-year
prospective cohort study in female Greek professional
basketball players. J Athl Train. 2007;42:388–94.
15. Milgrom C, Shlamkovitch N, Finestone A, et al. Risk
factors for lateral ankle sprain: a prospective study
among military recruits. Foot Ankle. 1991;12:26–30.
16. McHugh MP, Tyler TF, Tetro DT, Mullaney MJ,
Nicholas SJ. Risk factors for noncontact ankle sprains
in high school athletes: the role of hip strength and
balance ability. Am J Sports Med. 2006;34:464–70.
17. McKay GD, Goldie PA, Payne WR, Oakes BW. Ankle
injuries in basketball: injury rate and risk factors. Br J
Sports Med. 2001;35:103–8.
18. Hosea TM, Carey CC, Harrer MF. The gender issue:
epidemiology of ankle injuries in athletes who
participate in basketball. Clin Orthop Relat Res.
2000;372:45–9.
19. Renstrom PA. Persistently painful sprained ankle. J
Am Acad Orthop Surg. 1994;2:270–80.
20. Kerkhoffs GM, Rowe BH, Assendelft WJ, Kelly
KD, Struijs PA, van Dijk CN. Immobilisation for

C. E. Gross et al.

466

21.
22.

23.
24.
25.

26.
27.

28.

29.

30.

31.

32.

33.
34.
35.

acute ankle sprain. A systematic review. Arch Orthop
Trauma Surg. 2001;121:462–71.
Konradsen L, Olesen S, Hansen HM. Ankle sensorimotor control and eversion strength after acute ankle
inversion injuries. Am J Sports Med. 1998;26:72–7.
Willems T, Witvrouw E, Verstuyft J, Vaes P, De Clercq
D. Proprioception and muscle strength in subjects
with a history of ankle sprains and chronic instability.
J Athl Train. 2002;37:487–93.
Hertel J. Functional instability following lateral ankle
sprain. Sports Med. 2000;29:361–71.
Pietrosimone BG, Gribble PA. Chronic ankle instability and corticomotor excitability of the fibularis longus muscle. J Athl Train. 2012;47:621–6.
Perron M, Moffet H, Nadeau S, Hebert LJ, Belzile
S. Persistence of long term isokinetic strength deficits in subjects with lateral ankle sprain as measured
with a protocol including maximal preloading. Clin
Biomech (Bristol, Avon). 2014;29:1151–7.
Mattacola CG, Dwyer MK. Rehabilitation of the
ankle after acute sprain or chronic instability. J Athl
Train. 2002;37:413–29.
Verhagen E, van der Beek A, Twisk J, Bouter L, Bahr
R, van Mechelen W. The effect of a proprioceptive
balance board training program for the prevention
of ankle sprains: a prospective controlled trial. Am J
Sports Med. 2004;32:1385–93.
Mohammadi F. Comparison of 3 preventive methods to reduce the recurrence of ankle inversion
sprains in male soccer players. Am J Sports Med.
2007;35:922–6.
Kubota A, Sakuraba K, Sawaki K, Sumide T,
Tamura Y. Prevention of disuse muscular weakness
by restriction of blood flow. Med Sci Sports Exerc.
2008;40:529–34.
Centner C, Wiegel P, Gollhofer A, Konig D. Effects
of blood flow restriction training on muscular
strength and hypertrophy in older individuals: a
systematic review and meta-analysis. Sports Med.
2019;49:95–108.
Faltus J, Owens J, Hedt C. Theoretical applications
of blood flow restriction training in managing chronic
ankle instability in the basketball athlete. Int J Sports
Phys Ther. 2018;13:552–60.
Bell SJ, Mologne TS, Sitler DF, Cox JS. Twenty-
six-
year results after Brostrom procedure for
chronic lateral ankle instability. Am J Sports Med.
2006;34:975–8.
Gould N, Seligson D, Gassman J. Early and late
repair of lateral ligament of the ankle. Foot Ankle.
1980;1:84–9.
Aydogan U, Glisson RR, Nunley JA. Extensor retinaculum augmentation reinforces anterior talofibular ligament repair. Clin Orthop Relat Res. 2006;442:210–5.
Li X, Killie H, Guerrero P, Busconi BD. Anatomical
reconstruction for chronic lateral ankle instability in

36.

37.
38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

the high-demand athlete: functional outcomes after
the modified Brostrom repair using suture anchors.
Am J Sports Med. 2009;37:488–94.
Matheny LM, Johnson NS, Liechti DJ, Clanton
TO. Activity level and function after lateral ankle ligament repair versus reconstruction. Am J Sports Med.
2016;44:1301–8.
Cho BK, Hong SH, Jeon JH. Effect of lateral ligament
augmentation using suture-tape on functional ankle
instability. Foot Ankle Int. 2019;40:447–56.
Lee K, Jegal H, Chung H, Park Y. Return to play
after modified Brostrom operation for chronic
ankle instability in elite athletes. Clin Orthop Surg.
2019;11:126–30.
Handoll HH, Rowe BH, Quinn KM, de Bie
R. Interventions for preventing ankle ligament injuries. Cochrane Database Syst Rev. 2001:CD000018.
Sitler M, Ryan J, Wheeler B, et al. The efficacy of a
semirigid ankle stabilizer to reduce acute ankle injuries in basketball. A randomized clinical study at West
Point. Am J Sports Med. 1994;22:454–61.
Surve I, Schwellnus MP, Noakes T, Lombard C. A
fivefold reduction in the incidence of recurrent ankle
sprains in soccer players using the sport-stirrup orthosis. Am J Sports Med. 1994;22:601–6.
Dizon JM, Reyes JJ. A systematic review on the effectiveness of external ankle supports in the prevention
of inversion ankle sprains among elite and recreational players. J Sci Med Sport. 2010;13:309–17.
Gross MT, Bradshaw MK, Ventry LC, Weller
KH. Comparison of support provided by ankle taping and semirigid orthosis. J Orthop Sports Phys Ther.
1987;9:33–9.
Greene TA, Hillman SK. Comparison of support
provided by a semirigid orthosis and adhesive ankle
taping before, during, and after exercise. Am J Sports
Med. 1990;18:498–506.
Laughman RK, Carr TA, Chao EY, Youdas JW, Sim
FH. Three-dimensional kinematics of the taped
ankle before and after exercise. Am J Sports Med.
1980;8:425–31.
Metcalfe RC, Schlabach GA, Looney MA, Renehan
EJ. A comparison of moleskin tape, linen tape, and
lace-up brace on joint restriction and movement performance. J Athl Train. 1997;32:136–40.
Pope RP, Herbert RD, Kirwan JD, Graham BJ. A
randomized trial of preexercise stretching for prevention of lower-limb injury. Med Sci Sports Exerc.
2000;32:271–7.
Barrett JR, Tanji JL, Drake C, Fuller D, Kawasaki
RI, Fenton RM. High- versus low-top shoes for the
prevention of ankle sprains in basketball players. A
prospective randomized study. Am J Sports Med.
1993;21:582–5.
Bernot MP. Medical care of the Atlanta hawks. J Med
Assoc Ga. 2000;89:21–3.

Management of Cartilage Injuries
of the Foot and Ankle in Basketball

38

Kenneth J. Hunt, Kenneth S. Smith,
and Steve Short

38.1

Incidence and Epidemiology

There is a clear association between OLTs and
both recurrent ankle ligamentous injuries and
Little is known about the incidence of talus carti- ankle fractures. Some studies have reported a
lage lesions in elite basketball players. The true 38–51% rate of talus cartilage injury diagnosed
incidence and prevalence are difficult to pinpoint by arthroscopy at the time of lateral ligament
because many lesions are asymptomatic or even repair/reconstruction in patients with chronic
if they become symptomatic are not picked up on ankle instability [6, 7]. While ankle fractures are
routine radiographs. Data from the US military much less common than ankle sprains in basketsuggests a recent increase in the incidence of ball players, ankle fractures pose an even higher
OLTs with a reported rate of 27 OLTs per 100,000 risk for OLT. Hintermann et al. found an articular
person years [1]. We do know that ankle sprains cartilage injury rate of 79% in 288 patients
are exceedingly common in basketball. Recent treated with ORIF for an ankle fracture [8].
studies have shown that ankle sprains comprise
Coexistent ankle instability also impacts the
13–22% of all musculoskeletal injuries in elite- severity of OLTs and patient outcomes. In a study
level basketball players [2, 3]. Another study of 420 patients who underwent bone marrow stimfrom Sweden found that 92% of all players had ulation for OLTs, Lee et al. found that osteochonsuffered at least one ankle sprain in their career dral lesions in an unstable ankle had an increased
and that 78% had injured their ankle at least once proportion of lateral lesions and larger lesions
in the last two seasons [4]. In addition, it has been (150 mm2 or larger) and were more likely to have
estimated that up to half of all ankle sprains may additional chondral lesions at the medial malleolus
result in a chondral injury [5].
[9]. In addition, patients with an unstable ankle
had an increased rate of clinical failure and inferior
performance in sport and recreational activities.
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38.2

Pathophysiology

Osteochondral injuries of the talus typically fall
into one of two categories: idiopathic lesions
(osteochondritis dissecans) or post-traumatic
lesions (relating to an ankle sprain or fracture).
The primary focus of this chapter is on the
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traumatic lesions although most of the treatment
principles are the same between the two groups.
In one of the first descriptive articles on the subject, Flick et al. noted a history of trauma in 80%
of medial and 100% of lateral talus lesions and
while this difference is of questionable importance, what is notable is the high degree of association between all OLTs and trauma [10].
Another more recent systematic review of 582
patients with OLT reported that 76% of lesions
had a history of traumatic injury [11].
The majority of OLTs are noted in one of two
locations: the anterolateral or posteromedial aspect
of the talus. The mechanism for the anterolateral
lesion is thought to be ankle inversion and dorsiflexion causing the talar dome to forcibly contact
the distal fibula [12]. In contrast, posteromedial
lesions are thought to arise from an injury with the
ankle in inversion and plantarflexion. In either
location, the compressive force to the underlying
subchondral bone causes a disruption in the fragile
blood supply. This may be due to an acute injury or
repetitive microtrauma in the setting of chronic
ankle instability. This force can also lead to direct
injuries to the articular cartilage such as a compression injury leading to chondrocyte death. In
contrast, the force may lead to indirect cartilage
damage via changes in the subchondral bone. The
alteration in the bony blood supply can cause bone
collapse and cyst formation which in turn leads to
a change in the mechanical loading of the overlying cartilage. Once the cartilage detaches from the
injured subchondral bone, flaps and/or loose bodies can form, which can lead to synovitis and
mechanical symptoms in the ankle [13] (Fig. 38.1).
The pain associated with OLTs may stem from
load-
bearing induced increased intra-articular
pressure that drives fluid into the subchondral
bone inducing pain at the bone nerve endings [14].
As intra-articular pressure recurs and increases,
subchondral edema and cysts can develop, worsening the symptoms.
There is no clear link between traumatic OLTs
and the development of osteoarthritis in the ankle
joint. Synovial fluid studies suggest that the cytokine profile of OLT differs from that of ankle
arthritis, with a greater number of pain cytokines
and fewer degenerative cytokines. However,

Fig. 38.1 Arthroscopic images illustrating cartilage
detachment from the talar surface with flaps which can
generate loose bodies, and lead to synovitis and mechanical symptoms in the ankle

there is evidence that larger lesions are associated
with an increased risk of edge loading and a shift
of ankle contact mechanics [15].
Interestingly, new research has brought to
light another potential pathophysiological factor.
Telleria et al. (2018) found a statistically significant increase in the rate of vitamin D deficiency
in patients presenting with OLTs compared with
controls (54% vs 28%) [16]. While we know that
vitamin D is critically important to bone mineral
density, this is the first study to show a correlation between vitamin D deficiency and OLTs.
This study suggests that perhaps a routine ankle
sprain in an individual with normal vitamin D
levels can develop to an OLT in a patient with
compromised bone mineral density. This information is even more important given a recent
study found that only 27% of professional basketball players have a sufficient level of vitamin
D [17]. Since vitamin D supplementation is low
risk, this should be considered as part of a nutritional regimen for basketball players.

38.3

Diagnosis

As with all patient encounters, arriving at the correct diagnosis begins with a good history. While
the majority of patients have a history of trauma,
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some studies have reported up to 2–3 years
between traumatic injury and presentation [18].
However, one should try to elucidate any history
of recurrent instability or any symptoms of locking or catching in the ankle. Like most conditions, the primary presenting symptom of patients
with OLTs is pain. Stiffness, swelling, and/or
catching can accompany the pain in many
instances [19]. The physical examination may
find tenderness to palpation, especially with
hyper-plantarflexion of the ankle, which uncovers the talar dome from the tibial plafond. An
effusion may be present. Crepitus, pain, and stiffness can often be seen when taking the ankle
through a range of motion. One should perform
provocative stability tests of the ankle and compare with the contralateral ankle to rule out concomitant ankle instability. In addition, any
hindfoot deformity that could be predisposing to
eccentric overload of one side of the talus needs
to be noted. Because no single symptom is specific only to OLTs, the differential diagnosis is

a
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quite large and includes common pathologies
such as synovitis, ankle instability, ankle
impingement, and ankle arthritis.
All patients complaining of ankle pain should
undergo weight-bearing radiographs of the ankle
including antero-posterior, lateral, and mortise
projections. While acute, non-displaced injuries
are not often seen on plain films, there are many
lesions that can be picked up from radiographs
alone [20, 21]. Any displaced lesions, lesions
associated with osteonecrosis, or chronic lesions
with underlying cysts can usually easily be seen
on plain films. However, given the low sensitivity
of plain radiographs, if a high degree of suspicion
exists for an OLT, one should proceed with
advanced imaging even in the setting of normal
radiographs (Fig. 38.2 MRI).
Some debate still exists as to which advanced
imaging modality is the best to diagnose OLTs.
One prospective study found that the sensitivity
and specificity of MRI were 96% and 96%,
respectively [22]. These values for CT were

b

Fig. 38.2 Fat-suppressed proton-density-weighted coronal (a) and sagittal (b) MRI images of a lateral-central OLT
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found to be 81% and 99% with no statistically
significant difference between the two modalities. However, MRI is much better at evaluating
soft tissues and diagnosing other pathologies
about the ankle including ligamentous injuries,
tendinous injuries, soft tissue cysts, and abnormalities associated with neurovascular structures.
For this reason, it is recommended to obtain an
MRI and proceed with a CT scan only if needed
to better quantify the degree of bony destruction
in the event a large cyst is noted on the MRI.

classification or a new system altogether based
on CT, MRI, or arthroscopic findings [23–25].
However, none of these classification systems
take into account lesion size, which has been
shown to be the most important predictor of
outcome and one of the most important factors
to help guide treatment [26]. As such, these
classification systems are not widely used in
clinical practice.

38.4

38.5.1 Nonoperative Treatment

Classification

There are many different classification systems
for OLTs that span over 50 years of clinical
advancement. As the first system created in
1959, Berndt and Harty’s classification scheme
is still the most commonly cited (Table 38.1,
Fig. 38.3) [12]. More recently, several researchers have presented either updates to the original
Table 38.1 Berndt and Harty’s OLT classification
Stage 1 Compression of subchondral bone with intact
cartilage
Stage 2 Compression of subchondral bone with
partial detachment of osteochondral fragment
Stage 3 Compression of subchondral bone with
complete detachment of osteochondral
fragment
Stage 4 Compression of subchondral bone with
complete detachment of osteochondral
fragment with displacement from donor site

38.5

Treatment

Nonoperative treatment for OLTs can be quite
effective in the right circumstances. While the
operative criteria are somewhat controversial,
most physicians agree that nondisplaced or
incomplete fractures of the talus can be treated
without surgery. The typical modalities include
boot immobilization, short-term protected
weight-bearing, activity modification, and oral
NSAIDs [27]. A recent Korean study found
good results with nonoperative management in
142 patients treated nonoperatively for symptomatic OLTs [28]. The average patient reported
outcomes all improved, only 6% of the lesions
grew larger at an average follow-up of 6 years,
and only 6% of patients reported limitations
with sports activities. However, how well this
study translates to the extreme physical demands
of a basketball player is difficult to determine.

Fig. 38.3 An illustration of the Berndt and Harty’s OLT classification. Courtesy and credit to Pontus Andersson (all
right reserved). Used with permission
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38.5.2 Surgical Management
Surgical management is typically reserved for
either acute, displaced, or complete OLTs, large
OLTs, and chronic, symptomatic OLTs that
have failed nonoperative management and
remain symptomatic. There are many surgical
techniques that have been described to address
both acute and chronic OLTs. The treatment
strategies can generally be categorized as cartilage repair, cartilage or regeneration, or cartilage replacement (Table 38.2). It is important to
recognize the role of subchondral bone as well,
both in terms of pain generation and mechanical stability, when developing a treatment strategy for the athlete. We will here focus on the
most commonly used techniques in basketball
players.
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38.5.2.1 Cartilage-Repair Strategies
Bone marrow stimulation through microfracture
or drilling is the most commonly utilized strategy, especially for smaller, well-circumscribed
OLT lesions. It is considered the first line of treatment by most surgeons in patients who have
failed nonoperative management. The technique
typically involves curettage of fibrous material
and subchondral bone to create a rounded defect
with stable edges (Fig. 38.4).
Perforation of the subchondral bone with a
microfracture pick or small diameter drill ostensibly allows bone marrow progenitor cells to fill
the OLT lesion and stimulate formation of new
cartilage. It is generally recognized that the
resulting cartilage is primarily type-I fibrocartilage as opposed to approximating native hyaline
cartilage (mostly type-II collagen). Studies of

Table 38.2 Surgical treatment strategies for OLTs
Repair
Bone marrow stimulation
(microfracture)
Retrograde drilling

Regeneration
Autologous chondrocyte
implantation (ACI)
Matrix-induced autologous chondrocyte
implantation (MACI)
Bone-marrow-derived stem cell
transplantation
Adipose-derived stem cell transplantation

a

Fig. 38.4 Arthroscopic images illustrating perforation of
the subchondral bone with a microfracture pick (a) to
achieve subchondral bleeding and stimulation. The micro-

Replacement
Osteochondral autograft
transfer (OAT)
Osteochondral allograft transfer
Allograft cartilage (juvenile or adult
micronized)

b

fractures are evenly distributed throughout the lesion to
cover the entire defect area (b)

472

this procedure in the knee have shown that the
resulting fibrocartilage is structurally inferior to
hyaline cartilage [29]; however, intermediate-
term results have shown consistent good functional results for OLTs [18, 30].
There are a number of factors that have been
associated with suboptimal results with microfracture. Patient age; OLT chronicity, size,
location, and containment; associated joint
degeneration; and the presence of subchondral
cysts have been identified as prognostic factors. The most consistent data is related to the
size of the defect. Chuckpaiwong et al. reported
on a large series of patients with OLTs treated
with microfracture [31]. They found that all
treatment failures had OLT diameters larger
than 15 mm. Similarly, Choi et al. found a
higher failure rate in lesions that were larger
than 150 mm2 in area [26]. They concluded that
confirming lesion size on MRI may help facilitate better results. Ramponi et al. reviewed 25
clinical outcomes papers evaluating OLTs and
concluded that bone marrow stimulation may
best be reserved for OLT sizes less than
107.4 mm2 in area and/or 10.2 mm in diameter
[32]. This corresponds to biomechanical data
suggesting that a diameter greater than 10 mm
begins to alter the cartilage contact mechanics
close to the lesion, increasing edge loading of
the OLT [15].
Other factors are less consistently reported.
Becher and Thermann reported that older posttraumatic degenerative lesions portended a worse
outcome [33]. The presence of subchondral cysts
has proven a controversial topic. In some studies,
microfracture for OLTs with subchondral cysts
has demonstrated poor clinical outcomes, with
relatively high failure rates [18]. In other studies,
no difference in outcomes has been reported
comparing microfracture in patients with subchondral cysts to those without [34]. The location
and containment of an OLT impact outcomes as
well. In a large series, Choi et al. found that
uncontained lesions had worse outcomes with
microfracture compared with contained lesions,
while that size had little impact [35].
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Retrograde Drilling
While it is rare in basketball players, painful talar
subchondral bone lesions (e.g., cysts and edema)
can be seen with intact overlying cartilage. This
may be due to an injury that only damaged bone,
or a relatively minor cartilage defect that subsequently healed, leaving only the subchondral
lesion. When talar lesions have associated subchondral cysts, but are found arthroscopically to
have intact overlying cartilage, retrograde drilling alone can be an effective solution [36, 37].
Various techniques have been described [38]. It is
critical that arthroscopy is used to confirm an
intact cartilage cap, and during and/or following
the retrograde procedure to confirm no extravasation into the joint.

38.5.2.2 Cartilage-Regeneration
Strategies
Autologous Chondrocyte
Implantation (ACI)
Autologous chondrocyte implantation (ACI) was
originally developed for knee cartilage injury and
subsequently has been indicated for OLT patients,
mostly those with larger lesions or failed prior
bone marrow simulation (BMS) surgery. ACI is a
two-stage procedure. First, healthy autograft
articular cartilage is harvested from the patient,
and the chondrocytes are cultured for several
weeks. Then, in a subsequent procedure, viable
cultured chondrocytes are implanted into the
defect site and covered by a periosteal flap harvested from the distal end of the tibia, facilitating
a hyaline-like repair tissue. The primary disadvantage of ACI includes the need for an arthrotomy for exposure, and the need for two surgical
procedures, substantially increasing the cost and
the potential for morbidity. There have been
reported concerns of repair tissue overgrowth
[39]. As a result of these disadvantages, ACI is
available at a limited number of centers only.
In spite of the limitations, reports on the clinical outcomes of ACI have been largely positive.
Giannini et al. reported clinical and MRI outcomes of ACI for OLT at a mean follow-up of
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38.5.2.3 Cartilage Replacement
Strategies
As a result of concerns regarding the biomechanical properties of the cartilage that results from
the above techniques, there are substantial purported advantages to successfully replacing cartilage. To date, most data on replacement
techniques is on osteochondral autograft or
allograft transplantation. However, this technique
is rarely used in a basketball player, and therefore
the ICCRA consensus statement on this technique are presented [44].
Newer techniques that implement allograft
cartilage have increased considerably in utiliMACI
zation and early results are promising. Allograft
As advances are made in regenerative tech- transplantation of either particulated juvenile
niques for cartilage, there is more promise than allograft cartilage (Denovo; Zimmer) or
ever that simple, effective, and predictable micronized adult cartilage (Biocartilage,
solutions will emerge to cure cartilage injuries Arthrex) entails transplantation of fresh cartiin the ankle and avoid long-term adverse conse- lage fragments containing live cells within the
quences of cartilage injury. Matrix-induced extracellular matrix. A fibrin adhesive (tissue
autologous chondrocyte implantation (MACI) glue) is used to secure the tissue firmly inside
is a second generation of ACI performed in a the prepared lesion (Fig. 38.5). The particusingle stage. While good results have been lated nature of the graft allows arthroscopic
shown [43], experience is limited to a select application, reducing the need for osteotomies
few centers only.
of the malleoli in most cases. There is also no
graft contouring, no donor-site morbidity, and
Bone-Marrow-Derived Stem Cell Therapy
the performance of a single-stage procedure.
Cartilage regeneration with bone-marrow-Bone-marrow-derived stem cells can be added
derived stem cells includes autologous matrix- to this technique. The primary disadvantages
induced chondrogenesis (AMIC) and other 1-step of these techniques is the absence of long-term
techniques that utilize bone-marrow-derived cells data.
and/or platelet-rich plasma (PRP) to aid in healCoetzee et al. presented a case series of 24
ing of OLTs. These techniques typically combine ankles that were treated with DeNovo and folmicrofracture with the addition of autologous lowed for an average of 16 months, reporting
iliac crest bone marrow aspirate concentrate, and/ improvement in clinical outcomes similar to
or platelet-rich plasma (PRP) to the lesion. The those of bone marrow stimulation, ACI, and
advantages include one-step arthroscopic proce- MACI [45]. More recent comparisons have
dure involving the use of autologous tissue with shown that this technique does not always result
minimal donor-site morbidity. Outcome data are in hyaline cartilage and may not be superior to
scarce because of the variety of pathological con- bone marrow stimulation alone [46]. New cartiditions for which these techniques are used as lage replacement techniques show great promwell as the fact that such data are often reported ise but are in need of more intermediate and
by the inventors of the techniques. There is lim- long-
term outcomes to prove superiority to
ited data on these techniques in the treatment of other effective techniques which are more
OLTs in basketball players.
cost-effective.
10 years [40]. They reported significant clinical
improvement and excellent restoration of the
talar articular surface on MRI. In addition, seven
of eight athletes in the series resumed sports, five
at the same level as prior to injury. In a systematic
review, Niemeyer et al. reported a clinical success rate of 89.9% in 213 patients included in 16
level IV studies [41]. Kwak et al. reported that
72% of patients who underwent ACI with a mean
lesion area of 200 mm2 had good-to-excellent
clinical outcomes at a mean follow-up of
70 months and had improved Tegner activity
scores [42].
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a

b

Fig. 38.5 Arthroscopic images illustrating (a) micronized cartilage graft covering OLT defect before and (b) after
applying fibrin glue

38.6

Rehabilitation for Safe
Return to Basketball

Initial rehabilitative management of cartilage
injuries must consider appropriate tissue healing
timelines and the natural history of the injury. In
these patients, a period of immobilization is necessary to protect the ongoing healing. To maximize the rehabilitation period, focus should be
on what can be trained on the athlete, as opposed
to what they must be restricted from. A phased
rehabilitation protocol is recommended to progress through the appropriate stages and allow
return to play. These phases often mimic a modified strength and conditioning periodization program [47, 48].
Periodized rehabilitation can typically be broken down into 3- or 5-phase programs. A 3-phase
program is typically defined by acute, sub-acute,
and reconditioning phases followed by a return to
play [49–51]. A 5-phase program may better
address functional impairments and provide a
more adequate training stimulus to bridge the gap
from returning to play and returning to performance. The initial phases can still typically be
defined as acute and sub-acute or proliferation.
More functionally, these early phases place an
emphasis on general capacity and tissue healing.
Describing the final three phases is a matter of

the desired physical adaptations required to
recover from injury and restore sport-specific
qualities. Common descriptors of these final
three phases include accumulation, transmutation
or reconditioning, and realization, respectively
[47, 52].
Early stage management of injuries consists
of a focus on protection and load management.
However, early active interventions, as opposed
to delayed, may result in superior outcomes [53,
54]. It is recommended that the early management of these injuries follow the POLICE acronym (Protect, Optimally Load, Ice, Compress,
and Elevate) [55]. As noted, protecting the lesion
is essential in early management, shifting the
focus on modified methods to promote local and
systemic healing.
In foot and ankle cartilage injuries, the
affected limb often requires significant unloading and protection, often non-weight-bearing,
due to the nature of the respective tissue damage. Passive and active motion may be allowed
depending on the nature of the injury and the
course of surgical vs nonsurgical management.
Consistent with early protection, local resistance training of the foot and ankle is often limited to open chain activity and required to be
performed at sub-threshold resistances. Adverse
reactions to this disuse include hypotrophy,
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impaired neuromuscular performance, and prolonged function strength and power deficits
locally and throughout the affected limb [56–
58]. The hypotrophy signaling pathways of
immobilization take effect within the first few
days of disuse and begin to attenuate around
2 weeks [56].
Utilization of concepts such as the crossover effect, in which the unaffected limb is
resistance trained, has been shown to provide
positive adaptations to the contralateral extremity in an attempt to reduce the adverse reactions
of disuse [59, 60]. Other exercise modalities
such as blood flow-restricted exercise (BFR)
may promote an anabolic cascade that simulates heavy loading and improves outcomes,
while still protecting the injury from unappropriated forces [61, 62]. Additional benefits of
blood flow-restricted exercise may include an
increase bony metabolism during an unloading
period [63]. If the individual is limited by pain,
symptom modification modalities such as joint
and soft-tissue-based manual therapies may
temporarily improve range of motion, function,
and assist in the progression of appropriately
dosed exercise [64].
As the athlete progresses beyond the early
phases, an increased emphasis is placed on
graded, progressive loading. Scheduling these
progressions typically takes place in linear or
undulated programs. Loads and repetition
schemes should attempt to hit a target stimulus to
produce mechanotransduction-induced adaptions
that include hypertrophy, strength, and power
development [52, 65, 66]. Each block of the
training process may place a greater focus on different qualities as it respects the tissue and training status and history of the athlete.
Aerobic training is an important consideration for all stages of rehabilitation. The cardiovascular system is quickly and negatively
impacted by periods of immobilization.
Deconditioning has been identified by increases
in resting heart rate by 1–2 beats per minute per
day in the initial stages of disuse [67, 68]. In the
acute and global capacity phase, an emphasis
on long, slow aerobic conditioning may help
offset deconditioning as well as satellite cell
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availability and promote healing [48, 69].
Long-term development of the aerobic system
is also a common method to protect against
injury risk [70, 71]. Additional systemic effects
such has pain reduction and increased blood
perfusion may improve the individuals tolerance to other training stimulus provided in their
rehabilitation program [72].
Transitioning to normal running and training
may be assisted by hydrotherapy or anti-gravity
treadmill running and jumping, and may have a
positive improvement in the recovery of articular
cartilage and synovial membrane of the ankle
[73]. As weight-bearing is allowed and progressed, integration into basketball activity is recommended. Simple plyometric training can be
performed as jump shots or layups as opposed to
typical clinic-based contact methods. As the volume of sport-specific activity is progressed, long
duration cardiovascular activity transitions to
tempo, interval, repeat sprint, and agility training
variants. Simulating tasks such as defensive shuffling or basic basketball drills with appropriate
work to rest ratios and durations are recommended
to match training loads as the athlete approaches
return to sport. Matching the overall training load
to prior levels of competition and demands of play
are necessary to maximize performance and
reduce the risk of future injury [48].

Take Home Message

Osteochondral lesions of the talus occur
most commonly after severe ankle ligament injuries or fractures. Given the long-
term functional and degenerative issues
that can arise from osteochondral lesions,
it is critical to be diligent in the diagnosis
and treatment of these injuries in the basketball athlete. New, less invasive treatments are available, which may ultimately
provide the medical team with tools to
restore or regenerate articular cartilage
while allowing safe return to basketball.
Rehabilitation of the entire athlete is critical to ensure safe return to high levels of
performance.
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39.1

Introduction

Basketball is a springing, jumping and sprinting
sport with players repetitively jumping to play
shots, to make and receive passes, or work sudden sprints together with the start–stop nature of
the game. This means that players may be at an
increased risk of Achilles tendon injury and have
increased difficulty returning from this injury to
compete in this sport at the elite level, particularly for senior players [1].
The benefits of exercise are well proven, and a
lack of physical activity has been shown to be
associated with increased morbidity [2].
Basketball is a well-known community-based
sport primarily in North America crossing many
cultures.
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39.2

Epidemiology

Achilles tendon ruptures are increasing with a
recently quoted incidence of 55 per 100,000.
Injuries in the over 60s are increasing most, while
those younger than 39 years of age are decreasing
slightly [3–5].
There are three acknowledged mechanisms of
Achilles tendon ruptures, usually involves an
eccentric contraction [6]:
1. Push-off with the ankle going into plantar
flexion, with powerful eccentric contraction.
2. Forced dorsiflexion of the plantar flexed foot.
3. Forced unexpected powerful dorsiflexion
foot/ankle.
The force on the Achilles tendon is nine times
the body weight during running [7]. It must be
appreciated that during jumping, the plantar flexors are exposed to double the biomechanical
forces as during sprinting [8–10].
The activity in which the rupture was sustained usually reflects local sporting culture,
with the majority of patients participating in the
most popular sports activities. When Achilles
tendon ruptures were studied from a population
in a United States, sporting activity was responsible for 68% of the ruptures, of which basketball was the most commonly involved sport
accounting for 48% of sports-related ruptures
and 32% of all ruptures, respectively [11].
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Similar rupture rates have been noted in US
military populations (64.9%).
Within the National Basketball Association
(NBA), those sustaining rupture are significantly
younger than the general population, at mean
28.3 years compared with 45 years, reflective of
the age of participation. Players had been playing
for an average of 6.8 seasons prior to rupture.
Ruptures were most prevalent during early season game play (27.3%) followed by preseason
(18.2%) and then late season competition (18.2%)
[5, 12].

39.3

 he Achilles Tendon Has
T
Been Ruptured, What Are
the Management Options?

The aims of management of all patients with
Achilles tendon rupture are to return the patient
to their required level of physical activity with
the least risk of complications of injury and
management in an appropriate time period.
The main complication of Achilles tendon
rupture is calf muscle weakness, due to tendon
elongation and altered muscle function following
injury and management. Additional complications of injury and surgical treatment include
sural nerve injury, deep venous thrombosis, and
although unusual in the sports population, concurrent ankle fracture.
The major treatment decision is whether to
choose operative or non-operative management
[13]. Since recent studies of operative and nonoperative treatments have showed no difference in
re-rupture rates and low re-rupture rates in large
nonoperatively managed patient series, there has
been a trend to manage the general patient population nonoperatively [14–17]. This led several hospitals to offer only nonoperative treatment for
acute ruptures [18]. These studies, however, identified that operatively managed patients were significantly stronger at follow-up [14, 15]. In
addition function at high speeds has also been
shown to superior in the operatively treated patient
[14]. Recent studies continue to show improved

strength and reduced tendon elongation with operative compared with nonoperative repair [19–21].
There has always been the assumption that for
high-performance athletes, the best treatment is
operative repair following rupture [1]. Initial percutaneous operative techniques reported high
rates of iatrogenic sural nerve injury and weaker
repairs compared with open repairs, with the benefit, however, of lower wound complication rates
[22–25]. Patients undergoing minimally invasive
repair were significantly more likely to report satisfactory subjective outcome compared with
open surgery. It was also appreciated that current
evidence had considerable heterogeneity and a
considerable risk of bias [26].
Operative treatment reduces the resultant
calf muscle weakness, which can be as much as
30%, tendon elongation, and re-rupture rate.
These benefits must be balanced by the risk of
complications of operative repair: infection,
wound breakdown, iatrogenic sural nerve
injury, and adhesions [27]. In a healthy sporting population, infection and wound breakdown are fortunately rare but can occur in the
hypovascular area of the tendon. Sural nerve
injury may be minimized by modern surgical
techniques and if this occurs, it usually results
in sensory loss to the lateral side of the foot,
with occasional neuralgic pain and neuroma
formation [28].
Wound problems may be minimized by the
use of mini-invasive and percutaneous techniques
[26] although, traditionally associated with tendon lengthening, percutaneous sutures have
evolved to locking techniques minimizing this
complication [29].
Current advances in techniques aim to ensure
secure fixation to the distal stump and/or calcaneus [30], together with locking sutures in the
proximal stump [31] (Fig. 39.1). The sutures are
placed using percutaneous trans-tendinous passages of a suture needle. This minimizes the risk
of iatrogenic sural nerve injury and adhesions formation and optimizes healing by maintaining the
integrity of the vascular paratenon and crural fascia [32]. Knots can be avoided by suture anchor
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Fig. 39.1 Distal anchorage into the Achilles tendon using the PolyEthylene Ether Ketone (PEEK) anchors permitting
deep intra-osseous anchorage, in comparison to the Bijlsma/Van der Werken technique

fixation into the calcaneous. The locking sutures
minimize but do not entirely prevent elongation,
potentially optimizing the biomechanical properties of the healing tendon [31, 33].
Series using these suture and fixation methods have used only postoperative plaster protection until the wound is healed [30], but using the
Bijlsma and van der Werken’s technique [34],
3.8% patients suffered from re-ruptures [35].
In addition to operative techniques, nonoperative regimes have also evolved with initial cast
protection with early weight-bearing and movement in a supportive brace, in which the ankle is
held in a “cast” of polystyrene balls [36].
Following application, the air is extracted by suction, so the balls mold themselves to the ankle.
This management method has produced good
results in the general population with low re-
rupture rates and has also been used in the competitive sporting population.

Fact Box 1

Following Achilles tendon rupture:
Operative treatment reduces the resultant calf muscle weakness, tendon elongation, and re-rupture rate.
Patients undergoing minimally invasive
surgery are significantly more likely to
report satisfactory outcome.

39.4

Rehabilitation Following
Achilles Tendon Rupture

The aim of the rehabilitation process is to restore
full weight-bearing with a normal gait pattern,
initially walking, and then toward the components of other activities, namely single heel-rise,
running, and finally single-leg jumping [37].
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The balance between loading the muscle tendon complex and the healing of the rupture site
needs to be considered. An imbalance can result in
excessive tendon lengthening and may stimulate a
thicker tendon. A ruptured Achilles tendon elongates for up to 6 months after surgical repair
regardless of early or late weight-bearing in combination with ankle mobilization [38]. Thick
tendons do reduce in cross-sectional area from
6 months until reaching a plateau thickness [39].
While there may be pressure to return to sport
as soon as possible, perhaps the emphasis should
be to return to the best possible level of function
and play. Given that rupture may occur at the later
stages of an athlete’s career, many athletes may
only have a few professional seasons remaining
and as a consequence good function is required.
Enhanced healing of ruptured tendons with
platelet-rich plasma (PRP) treatment in animal
models has not been shown in human studies.
Case series of patients undergoing this treatment within optimal rehabilitation settings have
reported good outcomes, but randomized controlled studies in professional athletes have yet
to be performed. Other orthobiologics have
been utilized to enhance healing or the use of
scaffolds to improve the strength of repair [40].
Rehabilitation following Achilles tendon rupture can be considered in several phases: controlled mobilization, early recovery, late
recovery, and return to sport [37]. Despite these
distinctions, contributors to return to sport (i.e.,
strength deficits, psychosocial concerns) should
be considered throughout the rehabilitative process [41]. For the later phases of rehabilitation,
basketball and jumping sport-specific guidelines
have not been published in the context of Achilles
tendon rupture; however, guidelines developed
for other orthopedic injuries may be modified
and applied to this specific population.

39.4.1 Controlled Motion
The controlled mobilization phase starts directly
following injury or surgery. The goal of this
phase is to approximate tendon ends and facilitate tendon healing. Of particular concern is the
avoidance of tendon elongation. Tendon elongation occurs during the first 8–26 weeks post
injury [38, 42, 43] and results in long-term plantar flexor strength deficits [44] as well as changes
in biomechanics, particularly with running and
jumping [45]. Early weight-bearing has been
associated with less risk of tendon elongation
[43] although Eliasson et al.’s recent work
showed no difference in terms of elongation [38].
Early weight-bearing is performed in plantar
flexed positions using weight-bearing casts or
boots. Later in this phase, the effects of immobilization can be addressed with joint mobilization
techniques to the talocrural and sub-talar joints,
taking care not to put the tendon on stretch.
Further, general hypotrophy can be addressed
with active range of motion and isometric
strengthening, avoiding maximum dorsiflexion
ranges.

39.4.2 Early Recovery
The early recovery stage begins when the patient
is able to ambulate in trainers with an inserted
heel wedge, typically around 6–8 weeks. Slow,
controlled weight-bearing exercise (such as the
bilateral heel-rise) is initiated to gradually load
the tendon. Exercises to address balance, range of
motion, or strength deficits can also be added at
this stage. The goal of this stage is to walk symmetrically without a brace and perform activities
of daily living (stairs and walking).

39.4.3 Late Recovery
Fact Box 2

Rehabilitation following Achilles tendon
rupture can be considered in several phases:
Controlled mobilization,
Early recovery,
Late recovery,
Return to sport.

The late recovery stage starts when the patient is
able to perform a unilateral heel-rise with the
goal of gradually progressing strengthening and
to return to more dynamic activities, such as running. A running progression has been described
as being initiated when the patient is able to
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c omplete five unilateral heel-rises at 90% of the
available height on the ruptured side. If the
patient is unable to achieve this by 16 weeks, running is considered safe to be initiated if the
patient was able to raise at least 70% of bodyweight during a unilateral heel-rise [37]. Lowspeed, low-intensity agility training (i.e., figure-8
jogging) can also be initiated during this phase.
The literature comments upon goals to be
attained following Achilles tendon rupture. In
Saxena et al.’s study specific targets to be
attained are as follows: five sets of 25 repetitions. These are introduced over time starting
with three sets of 10 based upon pain tolerance.
The calf circumference, measured 10 cm distal
to the inferior pole of the patella, should be comparable to the non-injured limb, and the ankle
range of motion should aim to be within 5° range
of the non-
injured side [46]. The difficulties
with the use of calf circumference involve the
high prevalence of deep venous thrombosis and
corresponding calf swelling, which may affect
values. Return to play was quoted as being
between 12 and 26 weeks following Achilles
tendon rupture [46].
Hutchison et al.’s study advised against sports
activity in the general population until they could
perform at least a single heel raise, sprint using
the toe-off phase of gait, perform a horizontal
single-leg hop ×3 for more than 75% of the non-
injured leg, and lastly perform a vertical hop to
greater than 75% of the non-injured side. Return
to sports rates were not given in relation to nonoperative management [36].

39.5

Return to Play
and Performance
in Basketball

One of the difficulties of return to play in any
sport is the lack of clear definition of return to
play (RTP). Ardern et al. have explained that
return to play is actually a continuum of sequential progression from a return to participation, a
return to sport, and finally a return to performance [41].
Zellers et al. performed a meta-analysis and
systematic review of return to play following
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Achilles tendon rupture. Overall 108 studies
were included, and of these 85 included a measure for determining RTP. The overall rate of
RTP in all studies was 80%. Studies with measures describing determination of return to play
reported lower rates than studies without specifically described metrics [46].
A recent study by Grassi et al. used a time
limit to return to unrestricted practice as the number of days absent from sport. A return to competition is defined as the time from injury to the day
of participation for at least 1 min of official match
play. A return to the previous level of play was
defined as returning to play for at least two seasons after a return to unrestricted training and
more than five matches per season in the same
division as before the player suffered the index
injury [47].
Considering the medical staff, trainers, and
facilities available to a professional athlete, a
“weekend warrior” should be counseled that even
in optimal conditions, players might be unable to
return to functional/play after Achilles tendon
rupture and those who did so at a decreased level
of performance.
Much of the published research on RTP in
basketball at the professional level has been
obtained from injury reports, press releases, and
player profiles. This has the advantage that return
to level of play can be determined in real terms,
in regard to team selection as well as participation. It must be remembered that studies of individual techniques of management are likely to be
heterogenous as many surgeons and therapists
are likely to be involved.
One of the disadvantages of this research
method is the role of the player participation. The
inclusion of a particular player may be very motivational for team dynamics although the injured
player may not have actually reached their full
recovery of performance.
Performance after a repair of complete
Achilles tendon rupture in NBA players (n = 18)
was assessed over a 23 years period between
1988 and 2011. The average playing experience
was 7.6 years. Players who returned missed on
average of 55.9 games. The Player Efficiency
Rating, determined from the numbers of points
made, rebounds, assists, steals, and blocks, etc.,
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was reduced by 4.57 (p = 0.003) in the first season and by 4.38 (p = 0.01) in the second season.
When compared with controls, players demonstrated a significant decline in the Player
Efficiency Rating during the first season
(p = 0.038) and second season (p = 0.081) after
their return. Thirty-nine per cent of players never
returned to play [48].
The effect of an Achilles tendon rupture and
subsequent repair has been compared with other
common procedures in the sports setting [49].
The effect of an orthopedic surgical procedure in
the National Basketball Association was studied
by comparing ACL reconstruction, Achilles tendon repair, lumbar discectomy, microfracture and
meniscus surgery, hand, wrist or foot fracture and
shoulder stabilization using archives on public
record RTP rate, games played preseason, and
player efficiency rating before and after the surgery. Achilles tendon rupture had the lowest incidence of injury, 70.8%, of all the treatments
studied, with players having a mean age of
28.4 years. Age ≥ 30 years and a BMI ≥27 were
predictors of not returning to play. Players undergoing Achilles tendon repair and arthroscopic
knee surgery for meniscal and chondral lesions
had a significantly greater decline in postoperative performance at the 1- and 3-year time points
and had shorter career lengths compared with the
other injuries.
Professional athletes from US sports were
examined for performance after Achilles tendon repair to compare pre- versus postoperative
functional outcomes in respect to performance
and return to play. On comparing 25 NBA, 32
NFL, and 5 Major League Baseball (MLB)
players, 30.6% of all athletes studied were
found to be unable to return to play. Among
those who returned to play, game participation
averaged 75.4% and 81.9% of the total games
played in the season before injury at 1 and
2 years postoperatively. Play time was decreased
and athletes performed significantly worse
compared with pre-injury levels. When players
were compared with matched controls, a player
sustaining an Achilles tendon rupture played in
fewer games, and had decreased play time and
worse performance statistics at 1 year, but not
at 2 years postoperatively. When individual
sports were compared, NBA players were most

significantly affected [49]. The level of resultant dysfunction clearly has a greater influence
on selection and performance depending upon
the characteristics of the sport played.
In Lemme et al.’s study, Achilles tendon
ruptures in 44 basketball players, with mean
age 28.3 years, were identified over a 48-year
period, more than one-third of the players
(36.8%) either did not return to play or started
in fewer than 10 games for the remainder of
their career with 21% of injuries leading to
retirement [12]. The mean time to return to
play was 10.5 months, and the rate of return to
play was lower in the NBA (61–71%) compared with that of the NFL players (64–71%)
[48]. There was a decreased performance and
shortened career length after RTP following
Achilles tendon rupture [50].
A systematic review and meta-analysis have
been performed to identify return to play (RTP)
rates following Achilles tendon rupture and
evaluate the measures used to determine
RTP. Small cases series and individual case
reports were excluded (Table 39.1). A total of
108 studies encompassing 6506 patients were
included in this review. Eighty-five studies
included a measure for determining RTP. The
rate of RTP in all studies was 80% (CI95%:
75–85%). Studies with measures describing
determination of RTP reported lower rates than
studies without such metrics described, with
rates being significantly different between
groups (p < 0.001). Eighty percent of patients
returned to play following Achilles tendon rupture; however, the return to play rates were
dependent on the quality of the method used to
measure RTP. To further understand RTP after
Achilles tendon rupture, a standardized, reliable, and valid method is required [59].

Fact Box 3

The overall return to play rate following
Achilles tendon rupture is 80%.
In NBA, 36.8% players did not return to
play or started in fewer than 10 games,
21% of ruptures lead to retirement.
The mean time to return to play in the
NBA was 10.5 months.
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Table 39.1 Outcome in elite athletes and professional sportsmen—in which the specific functional outcome of the
athletes had been evaluated
Author year
Martinelli 2000 [51]
Gigante 2008 [52]

Mean
Number age
30
30.5
40
41

Parekh 2009 [53]

31

Repair method
TenoLig®
Pc (TenoLig® vs.
Bunnell
29 NFL Mixed

De Carli 2009 [54]
Maffulli 2011 [55]

20
17

39.7
34

Kakiuchi
Percutaneous

Amin 2013 [48]

18

Mixed

Jallageas 2013 [56]

31

29.7
NBA
38

Vadala 2014 [57]

36

29.7

McCullough 2014 [33]

9

Byrne 2017 [58]

1

25.6
NFL
36

Pc vs. open

Return to play
120–150 days
No difference between
groups
36% unable
50% drop performance
76.4% same level
4.8 ± 0.9 months

78% within 8.9 months

Pc

Medal winner 18 weeks

Take Home Message

Achilles tendon ruptures are common injuries in competitive basketball, with a relatively low rate of return to play. Operative
treatment reduces the risk of re-rupture and
minimizes calf weakness. For persons
playing recreational basketball the majority

11 swelling
4 cramps

30% DNR, 11/18 1 season
only
81% vs. 73.5% same-level Overall time
play
153 days 91–246)
86% within 5 months

Combined pc/
mini-open
Pc

Psychological aspects are very important during the rehabilitation process and RTS.
Information can be used to provide feedback to
the player in terms of the ability to cope with specific on-field activities. The sharing of information with athletes can provide consciousness of
the ability to RTS and can reduce anxiety and
stress and increased their motivation.
With regard to psychological readiness, the
“fear of re-injury” hinders return to the preinjury level. A useful strategy is to adopt
Shrier’s Strategic Assessment of Risk and Risk
Tolerance (StARRT) Framework. This allows
demographic, risk activity and risk tolerance
all to be assessed to help determine RTP decisions. Additionally viewing the considerations
of the patient, the clinician together with the
scientific evidence through an evidence-based
practice lens can give additional support and
guidance [41].

Notes

1 athlete 166 days

will return to play; however, at the top level
a third of players will not play at the same
level again.
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40.1

Introduction

Tendinopathies are a common cause of disability
in the basketball player and account for a substantial proportion of overuse injuries in the
sport. The term “tendinopathy” is defined as a
clinical syndrome characterized by a combination of activity-related pain, diffuse or localized
swelling, and impaired performance [1–3]. Often
a sequalae of overuse phenomenon, tendinopathy
may less commonly occur as a consequence of
medical condition. Midportion and insertional
tendinopathy (enthesopathy) should be distinguished as unique clinical entities.
Tendinosis and peritendinitis are two common
phenomena that are integral to understanding
tendinopathy. Tendinosis entails histopathological disorganization and collagen fiber separation
which leads to haphazard proliferation of tenocytes, increase in mucoid noncollagenous matrix,
and nerve and vessel ingrowth without evidence
of intratendinous inflammation [3, 4].
Peritendinitis is an acute or chronic inflammation of the paratenon which can be induced by
repetitive loading activities and is characterized
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by local inflammatory infiltration. The insertion
site to bone and surrounding bursal structures are
commonly susceptible to inflammation as a consequence of their greater density of blood vessels
and nerves. The tissue of the tendon proper is primary aneural and avascular and does not primary
exhibit classical inflammatory responses [1, 3, 4].
Tendinopathic tendons often have an increased
rate of matrix remodeling, leading to a mechanically less stable tendon that is likely more susceptible to damage [4]. Histologic studies of
surgical tendon specimens consistently demonstrate absent or minimal inflammation, but there
is a loss of tightly bundled collagen architecture,
increase in proteoglycan content, and neovascularization [5]. The inflammatory cascade is
thought to play a major role in the initiation of the
disease process [6].
The tendons most vulnerable to overuse in the
jumping athlete entail the Achilles and patellar
tendons, which will be the focus of this chapter.

40.2

Epidemiology

Basketball is a very dynamic sport that requires a
combination of agility, speed, technical skill, and
strength. As a consequence of many repetitive
maneuvers such as jumping and pivoting, the incidence of tendinopathy is quite prevalent. Due to
increased participation in recreational sports, the
total exposure of hours to sport practice and competition, a known risk factor for tendinopathy, has
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been on the rise. In addition to basketball (12%),
patellar tendinopathy is common in volleyball
(14%), track and field (7%), and soccer (2.5%) [7].
Although physical activity is the primary
source of tendinopathy, it is important to consider
medical and pharmacologic causes of tendinopathy. Perturbation of glucose metabolism and atherosclerosis has been identified as underlying
factors in tendinopathy [1, 8]. Obesity, hypertension, diabetes mellitus, hypercholesterolemia, and
metabolic disease contribute to the incidence of
tendinopathy. Inflammatory arthropathies, such as
rheumatoid arthritis, contribute to connective tissue healing malfunction and homeostasis [9].
Medication therapy with statins [10] and fluoroquinolone antibiotics [11] can increase the risk
for tendinopathy and should be avoided. The use
of immunosuppressive corticosteroids, particularly intratendinous injection, can have detrimental effects on tendon metabolism and should be
used with caution [1].

40.3

Pathophysiology (Fact Box 1)

The mechanical loading of tendon tissue leads
to the upregulation of collagen gene expression
and increased synthesis of collagen proteins.
This anabolic process has been observed to peak

Fact Box 1 Pathophysiology of Tendinopathy

• Mechanical loading of tendons facilitates protein synthesis and degradation
of collagen at the cellular level.
• Adequate tendon unloading (~24 h)
after exercise is helpful in preventing
net loss of collagen that leaves the tendon vulnerable to injury.
• Tendinopathy is associated with neovascularization and ingrowth of nerves that
serve as pain generators.
• Chronic inflammation of a tendon can
lead to increased pain signaling and
hyperproliferation and fibrosis, which
may ultimately become an irreversible
process.

around 24 h after exercise and remains elevated
for up to 80 h [12, 13]. During the first 24–36 h
after exercise, there is a net loss of collagen due
to degradation of collagen proteins [3]. The
interplay between anabolic and catabolic processes of collagen merits a restitution time
interval in between exercise to mitigate tendon
breakdown.
Repetitive mechanical loading leads to
microruptures of collagen fibrils and the production of inflammatory molecules by tenocytes, this is evidenced by increased levels of
proinflammatory cytokines [14]. Findings of
inflammatory infiltrate consisting of macrophages, mast cells, and lymphocytes suggest a
role for the intrinsic immune system in mediating early tendinopathy. Tenocytes and fibroblasts can transform into myofibroblasts under
repetitive stress and a proinflammatory environment. Myofibroblasts facilitate tendon healing and are triggered to undergo apoptosis after
the mechanical stresses abate. Although, under
constant stress that does not permit this apoptosis or tissue hypoxia, myofibroblasts continue
to propagate resulting in fibrosis, a feature of
chronic tendinopathy [15].
Another feature of tendinopathy is microvascular angiogenesis into the tendon; this is consequence of hypoxia-induced upregulation of
vascular endothelial growth factor (VEGF) [16].
This neovascularization has been ascribed as a
pain generator as sensory nerve fibers can grow
adjacent to the blood vessels and lead to the
release of nociceptive substances, including
substance P [17]. Sensory nerve ingrowth is
observed in repetitive loading as well as
response to injury; in non-pathologic tendon,
the repair process involves autonomic nerve
ingrowth and ultimate decreased nociception
with subsequent nerve retraction, whereas in
tendinopathy, the ingrowth nerves do not retract
leading to increased pain signaling and hyperproliferative changes. Substance P has a role in
potentiating tendinopathy with proinflammatory
and trophic actions leading to vasodilation,
plasma extravasation, and the stimulation of
TGF-β in fibroblasts [1].
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40.4

Patellar Tendinopathy

40.4.1 Etiology
Patellar tendinopathy, or “jumper’s knee,” is
highly prevalent in sports with a high demand for
speed and power, such as basketball, volleyball,
and soccer. The hallmark of patellar tendinopathy
is progressive patellar tendon pain that leads to
recurrent or long-standing impairment of athletic
performance [17]. Overall prevalence of patellar
tendinopathy has been reported across multiple
sports by Lian et al. [18] as 14%. Estimated prevalence of current or prior patellar tendinopathy
was 55% in profession basketball players with a
mean duration of symptoms of 32 ± 25 months,
suggesting that most athletes participate in their
sport with active symptoms. The condition affects
men approximately twice as frequently as
women. Basketball often leads to maximal muscle forces generated eccentrically that are 1.5–2.0
times higher than the maximal isometric forces.
Additionally, ground reactive forces can be 10
times body weight in a long jump takeoff [19,
18], explicating the connection between the loading pattern of the knee extensors and jumper’s
knee. Cook et al. [20] evaluated patellar tendons
of a cohort of elite junior basketball players using
ultrasonography and demonstrated that 29% of
the tendons had hypoechoic regions with intra
and peritendinous changes of collagen disorganization although not all findings correlated with
clinical symptomology.
Quadriceps tendinopathy, a less common
entity, is important to consider as part of the
extensor mechanism spectrum. The prevalence
is estimated to range from 0.2% to 2% in athletic patient populations. This entails approximately one in four patients with extensor
mechanism pain who report pain localized to
the superior pole of the patella with symptoms
more pronounced in deep flexion [18, 21].
Although the patellar and quadriceps tendon
work in concert as part of the extensor mechanism of the knee, they differ anatomically as the
quadriceps tendon connects muscle to bone
while the patellar tendon connects bone to bone.
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The quadriceps tendon is comprised of a coalescence of four muscle tendons that may variably
contribute to the ultimate insertion onto the
superior pole of the patella. Notably, this results
in a transition of stiffness that is variable
between the quadriceps and patellar tendons
[22, 23]. The focus of this chapter is on the more
common patellar tendinopathy in the jumping
athlete although it is important to consider
quadriceps tendon involvement and acknowledge that a rehabilitation protocol taking into
account similar principles but localization to the
quadriceps tendon is merited [21].
Ferretti et al. have demonstrated a linear relationship between training volume and the prevalence of jumper’s knee and with the firmness of
the floor type for training [19]. Additional extrinsic contributors to patellar tendinopathy include
inappropriate training equipment, excessive loading, or repetitive high-intensity loading [24].
Patellar tendinopathy most frequently affects the
inferior pole of the patella in the deeper portion
of the tendon; this zone is subjected to the highest
tensile forces during impact activity [25]. Patellar
tendinopathy may affect the midportion zone or
the insertion at the tibial tuberosity and often irritation of the infrapatellar bursa at the distal insertion of the patellar tendon coexists. Additionally,
inflammation and pathology of the Hoffa fat pad
may contribute to patient symptoms of tendinopathy and merit consideration in the therapeutic
protocol [26, 27].
Anthropometric factors such as high body
mass index (BMI), large abdominal circumference, limb-length discrepancy, and flatfoot arch
are independent risk factors for the development
of patellar tendinopathy [28, 29]. Weakness of
the quadriceps muscles and low flexibility of the
quadriceps and hamstrings are associated with
patellar tendinopathy. Intrinsic factors including
patellar malalignment, patella alta, abnormal
patellar laxity, muscular tightness, and imbalance
have been proposed as risk factors although it is
their complex interplay with the aforementioned
extrinsic factors that result in tendinopathy [30].
The classification systems of Jumper’s knee are
detailed in Table 40.1.
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Table 40.1 The different classifications for “Jumper’s knee” [19, 92–94]
Stage/
grade
0
I

Blazina classification
Pain only following activity without
functional impairment

II

Pain during and following activity with
satisfactory performance levels

III

More prolonged pain during and
following activity with progressively
increasing difficulty performing at a
satisfactory level

IV
V

40.4.2 Diagnosis

Ferretti classification
No pain
Pain only following intense
sports activity with no
functional impairment
Moderate pain during sports
activity with no sports
performance restriction
Pain with slight sports
performance restriction

Pain with severe sports
performance restriction
Pain during daily activity
and inability to participate
in sport at any level

Roels classification
Pain at the infrapatellar or
suprapatellar region following
training or event
Pain at the beginning of activity,
disappearing after warm-up and
reappearing after activity
completion
Pain during and after activity. The
patient is unable to participate in
sports
Complete rupture of the tendon

Patellar tendinopathy is a primary clinical
diagnosis that does not require confirmatory
Patellar tendinopathy presents with activity- imaging although imaging can be helpful for
related anterior knee pain typically localized to inclusion/exclusion of potential alternative diagthe distal pole of the patella or proximal patellar noses in a convoluted clinical picture. In addition
tendon. Pain is insidious and can be precipitated to the inferior pole of the patella, tendinopathy of
by an increase in sports activity. The pain may the extension mechanism of the knee can involve
initially commence with activity but can progress the quadriceps tendon or the distal insertion of the
to being present even at rest. Physical examina- patellar tendon at the tibial tuberosity [25].
tion yields tenderness to palpation at the distal Preferred imaging modalities are ultrasonography
pole of the patella with the knee in terminal and MRI. Ultrasonography can locate intratendiextension; with pain reduced with knee flexion. nous lesions evidenced by hypoechogenicity that
Load-related pain that increased demand on the may be adjacent to the inferior pole of the patella.
knee extensors, such as the single-leg decline Thickening of the tendon, intratendinous calcifisquat maneuver to approximately 30° of flexion cations, and erosions in the inferior pole of the
reproduces the symptoms of patellar tendinopa- patella may be observed. Ultrasonography has a
thy [31]. Weakness of the quadriceps and a lack sensitivity of 58% and specificity of 94% for diagof hamstring flexibility may be observed as well. nosing patellar tendinopathy [31]. MRI typically
Pain may improve with repeated loading (the demonstrates hyperintensity of the proximal
“warm-up” phenomenon), but there is often patella tendon with observed tendon thickening as
increased pain the day after energy-storage activ- with ultrasonography. MRI provided the added
ities of the patellar tendon. This dose-dependent benefit of assessing intra-articular pathology over
pain is a key feature, demonstrating that the ultrasonography. The sensitivity and specificity
patient’s pain increases as the magnitude and rate are 78% and 86% for MRI to diagnose patellar
of load application to the tendon increases [25, tendinopathy, respectively. In the high-level bas32, 33]. Comprehensive evaluation necessitates a ketball player, MRI should be the first-line imagthorough examination of the entire lower extrem- ing option due to the ability to rule out additional
ity is necessary to identify relevant deficits at the pathologies. It is important to note that each imaging modality guides the clinical based on a diaghip, knee, or ankle/foot region.

40 Management of Common Tendinopathies in Basketball

nosis of patellar tendinopathy that is diagnosed
based on history and physical examination. The
main differential diagnosis to be distinguished is
patellofemoral pain syndrome and fat-pad syndrome which can often be done on the basis of
clinical examination.

40.4.3 Management
40.4.3.1

Nonoperative
Treatment (Fact Box 2)

Eccentric Exercises
The mainstay of management of patellar tendinopathy is nonoperative management and the
support of high-level evidence [34]. Eccentric

Fact Box 2 Nonoperative Management
Modalities for Tendinopathy

• Eccentric exercises lead to tendon
stretching and mechanotransduction of
collagen fibers leading to increased vascular inflow and ultimately improved
tendon healing.
• Extracorporeal shock wave therapy
(ECWT) improves tendon healing by
hyperstimulation analgesia to reduce
pain signal transmission and the production of growth factors via mechanical
stimulation.
• Ultrasound-guided galvanic electrolysis
technique (USGET) may treat tendinopathy by electoral destruction of degenerative tissue and facilitating a
controlled, localized inflammatory healing response.
• Platelet-rich plasma (PRP) injections
have shown clinical improvement in
tendinopathy due to improved cellular
remodeling. Multiple injections offer an
improvement over single injection.
• Corticosteroid injections should be used
with caution for the management of
tendinopathy.
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exercises lead the musculoskeletal unit to adapt
to the stresses by remodeling the collagen
fibers in the patellar tendon. This is likely a
consequence of the tendon stretching more
during eccentric loading as opposed to concentric loading, resulting in more mechanotransduction of collagen fibers leading to greater
number of blood vessels and a larger quantity
of collagen ultimately resulting in improved
tendon healing [35–37].
Universal positive effects are noted without
adverse effects [38]. There are multiple types of
eccentric loading exercise programs, and in a
systematic review Visnes and Bahr [22] concluded that a particular modality is not isolated.
A treatment program should include a decline
board and should be performed with a mild
level of discomfort for the athlete. Assessing
pain irritability is a fundamental part of configuring a training regimen with regard to determining the duration of symptoms aggravation
following energy-storage activities. It is suggested that up to 24 h of pain provocation after
a training session is acceptable during rehabilitation [25, 32]. A minimum of 20 training sessions, performed at a 15-repetition maximum
[39], appears to be necessary to ensure effective
therapy with a program duration of 6 weeks to
1 year depending on the severity to reduced
symptoms of tendinopathy [35, 40].
It is important to recognize that eccentric
exercise for the treatment of patellar tendinopathy may be too aggressive for patients that are
highly symptomatic, particularly during the
basketball season. As a consequence, rehabilitation should progress in a stepwise fashion.
The first phase of this should entail load modification to reduce pain and avoid aggravation
of symptoms. Following this, we recommend a
gradual progression of rehabilitation from isometric loading, to isotonic loading, to ultimate
eccentric loading with a culmination of return
to sport-specific training activities [25]. It is
important to acknowledge that progression of
rehabilitation, particularly with the demands of
returning to elite-level competition, may
require 6 months or longer.
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Extracorporeal Shock Wave Therapy
Extracorporeal shoulder wave therapy (ESWT) is
gaining vogue as a safe and promising treatment
for patellar tendinopathy. The basis of utility of
ESWT is based on the theory that pain relief is
achieved by hyperstimulation analgesia, and
overstimulation of the painful area leads to a
diminished transmission of pain signals to the
brain stem. Additionally, that the mechanical
load developed by ESWT stimulates tissue regeneration and destroys calcifications via a mechanical disintegration [41, 42]. Mechanical
stimulation of the tendon increases the expression of growth factors such as insulin-like growth
factor 1 (IGF-1), transforming growth factor β1
(TGF-β), and interleukin [43]. A 2017 randomized controlled trial comparing ESWT to conservative treatment (physiotherapy, exercise
program, non-steroidal anti-inflammatory drugs
(NSAIDs), and knee strap) provided some valuable insight to patellar tendinopathy management. Patients did not require local or regional
anesthesia and were treated with 1500 impulses
of shockwave at 14 kV (equivalent to 0.18 mK/
mm2 energy flux density) at the point of maximal
tenderness. ESWT demonstrated superior pain
relief, Victorian Institute of Sport Assessment
(VISA) scores, and sonographic vascularity at
2–3 year follow-up [44]. Additionally, recurrence
of patellar tendinopathy symptoms occurred in
13% of the ESWT group and 50% of the conservative group (p = 0.014). Ultrasonography
showed a significant increase in the vascularity of
the patellar tendon and a trend of reduction in the
patellar tendon thickness with ESWT without
any risk of local to systemic complications. The
particulars of ESWT use, including energy level,
number of treatments, and impulses, are varied
among the literature.
Ultrasound-Guided Galvanic
Electrolysis Technique
Ultrasound-guided galvanic electrolysis technique (USGET) is a novel therapeutic option that
has recently been evaluated in a randomized controlled trial by Abat et al. [45]. They have demonstrated the efficacy and superiority of USGET
compared to conventional electrophysiotherapy
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when performed with eccentric exercise for
patellar tendinopathy management. USGET is a
minimally invasive technique that entails
treatment at 2-week intervals applying a galvanic
current to the area of pathology with a
0.25 × 25 mm stainless steel acupuncture needle.
This technique involves puncturing the superficial paratenon, deep paratenon, and intratendinous areas at the inferior pole of the patella with
electrical current of 2 milliamps. The authors
suggest that this technique is capable of minimally invasively destroying degenerative tissue
and facilitating an appropriate localized inflammatory response to trigger biological collagen
repair [46]. This technique merits strong consideration as a therapeutic modality for patellar tendinopathy that obviates the need for operative
intervention.
Injection Therapy
Corticosteroid injections are not recommended
for the treatment of patellar tendinopathy.
Multiple randomized controlled trials (RCTs)
have shown limited long-term relief and an
increase in potential patellar tendon rupture with
the use of corticosteroid (triamcinolone and
methylprednisolone)
injections
[47–49].
Corticosteroid injections may normalized lesions
in patellar tendons on ultrasonography and may
have pronounced clinical effects over a short
duration but do not demonstrate sustained benefits beyond 6 months.
Platelet-rich plasma (PRP) is a promising
therapy for enhancing tissue repair due to delivery of platelet-derived growth fractures and bioactive molecules in hyperphysiologic doses [50].
A 2019 systematic review and meta-analysis
reviewed 15 articles describing the use of PRP
with good overall results in terms of clinical
improvement, return to sports, and pain relief at
short-term and long-term follow-up [51]. In vitro
and in vivo studies of PRP demonstrate benefits
that include improved cellular remodeling and
decreased healing team [50, 52–54]. The details
of optimal preparation and administration of PRP
remain unclear in the literature. Although, there
is now evidence to support multiple injections of
PRP to yield a significant benefit at long-term
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follow-up [55, 56]. Single infiltration of PRP
might provide short-term relief but not optimal
long-term results. Notably, one study comparing
single injection to multiple injections of PRP
found no benefit for successive injections [57].
As a consequence, although further investigation
is pending—in the case of advanced patellar tendinitis we recommend 2–3 consecutive infiltrations of leukocyte-rich PRP with 5 mL delivered
at an average spacing of 10–15 days. It is advised
to combine PRP treatment with rehabilitation due
to the synergistic effect in recovery.
Cell-Based Therapies
Stem cell-based therapies theoretically could
improve the speed and quality of the healing process with the aid of autocrine and paracrine factors to enhance remodeling. This research
remains in the preliminary phases including case
studies and animal models. This has been evaluated with mononuclear bone marrow cells at
5-year follow-up [58] and skin-derived tenocyte-
like cells [59] with initial promising results.
Ultimately, further information is needed to indicate their role in patient management.
Hyaluronic Acid
High molecular weight hyaluronic acid (HA) has
been hypothesized to have an anti-inflammatory
effect as well as potential tendon healing impact
at the bone-tendon interface [60]. A mean of two
injections of hyaluronic acid has been shown to
improve recovery at a mean follow-up of
25.7 months, reporting 54% excellent results and
40% good results. High-level evidence is still
lacking to determine the efficacy of HA.
Additional Treatments
A variety of agents have been and are currently
being investigated to aid in the management of
patellar tendinopathy. Sclerosing agents inhibit
blood vessel formation and counteract accompanying vasa nervorum and can have an impact
on the known neovascularization that occurs in
the pathophysiology of patellar tendinitis.
Level IV evidence shows that ultrasoundguided injection of 5 mg/mL polidocanol to the
paratenon can improve pain during activity
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[61]. There are multiple studies suggesting
improvement over placebo [62–64] although
the longevity of impact and overall usefulness
remain unclear.
Injection of matrix metalloproteinase inhibitor aprotinin has been evaluated in a retrospective case series of 97 patients [65] which
demonstrated differential degrees of improvement at approximately 1 year of follow-up.
Further clinical data is desired in this treatment
regimen.
Glyceryl trinitrate delivers nitric oxide locally
and has been shown to play a role in fibroblast
proliferation, collagen synthesis, and macrophage angiogenesis. Glyceryl trinitrate can be
delivered via a topical patch and has shown
promising early data with regard to positive
effects on tendinopathy [66, 67].

40.4.3.2

Operative Treatment
(Fact Box 3)
Nonsurgical treatment of tendinopathy is successful in approximately 90% of patients. Those
who are refractory may ultimately respond to
surgical intervention [68]. The objective of surgical intervention is tenotomy of the patellar
tendon, excision of pathologic tissue, and induction of the repair process via stimulating the
inferior pole of the patella. This can be done
with open surgery or arthroscopic intervention.
Open approach entails a midline longitudinal incision from the inferior pole of the patella
to the tibial tubercle; the paratenon is incised
to expose the patellar tendon. Through a longitudinal incision in the tendon, the posterior
degenerative tissue is debrided and the distal
5 mm of the patella are resected to ensure a
bleeding surface for healing (Fig. 40.1). The
tendon and paratenon are closed with resorbable sutures; a suture anchor may be placed
into the patella if needed. Alternatively, a technique using a Beath pin to secure the tendon to
the patella [69].
Arthroscopic intervention begins with diagnostic knee arthroscopy to evaluate the patella for
chondral lesions. The inferior pole of the patella
is identified, and the adjacent synovial tissue is
resected, exposing the degenerative tissue in the
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a

b

Fig. 40.1 Midline approach to patellar tendon demonstrated with posterior degenerative portion exposed and
identified by abnormal color and texture of the tissue. (a)
The tissue is excised and carefully debrided with a #15

blade, asterisk denotes the patella. (b) Post excision the
infrapatellar fat pad is visualized by the gamma sign
(Borrowed from Kruckeberg et al. Arthroscopy Techniques
2017)

posterior zone of the proximal patellar tendon,
which can be debrided until healthy tissue is
identified. The distal pole of the patella is resected
of 5 mm using a burr.
Each of these techniques can be augmented
with leukocyte-rich PRP injection at the conclusion of the procedure. Postoperative rehabilitation should not restrict weight-bearing or range
of motion. After wound healing at approximately
10 days postoperatively, patients should commence initiation of eccentric squats on an inclined
board and strengthening. Typical return to sport
is 3 months postoperatively when patients can
demonstrate functional recovery without pain
during strengthening and exercise [28].

istics, altered foot and ankle biomechanics,
gastrocnemius-
soleus dysfunction, and anatomic variations [63, 64, 70]. Achilles tendinopathy can be attributed to excessive loading
of the tendon during vigorous physical training
that is exacerbated by an imbalance between
muscle power and tendon elasticity. In particular the strength of the ankle plantar flexors and
the amount of dorsiflexion excursion predict an
Achilles tendon overuse injury [71]. Lateral
ankle instability leads to excessive motion of
the hindfoot with resultant excessive compensatory pronation causing a “whipping action”
on the AT, predisposing tendinopathy. Forefoot
varus is additionally implicated in patients
with Achilles tendinopathy. It has been hypothesized that the plantaris tendon may contribute
to midportion tendinopathy or chronic paratendinopathy due to adhesions with the paratenon
or AT [27]. Extrinsic factors that predispose
athletes include changes in training pattern,
poor technique, previous injuries, footwear,
and environmental factors such as hard, slippery, or slanting training surfaces [72]. Players
with Achilles tendinopathy have a better
change to return if they are younger in age and
early in their professional career [73, 74].

40.5

Achilles Tendinopathy

40.5.1 Etiology
The Achilles tendon (AT) structure plays a crucial part in basketball-specific movements,
allowing explosive movements by storing and
releasing elastic energy. Risk factors associated with Achilles injuries include advancing
age, changes in player performance character-
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40.5.2 Diagnosis
Achilles tendinopathy can be categorized into
two distinct categories as insertional and non-
insertional. Non-insertional is localized to the
midportion which typically involves an area of
2–7 cm from the distal insertion; it may be localized to the main body of the tendon or to the
paratenon. The patient typically presents with
activity-limiting pain and chronic swelling of the
AT. The diagnosis is mainly based on history and
clinical examination. Pain is often a late symptom, with common symptoms of morning stiffness or stiffness after a period of inactivity and a
gradual onset of pain during activity. Athletes
often experience pain at the beginning and end of
training sessions, with a period of diminished
discomfort during activity. On physical examination, the both legs should be evaluated simultaneously and is best with the patient standing and
prone. Tendinopathy of the main body of the AT
involves tenderness, likely thickening/nodularity,
and swelling that is decreased or relieved when
the tendon is put under tension. Paratendonitis of
the tendon is similar in the involvement of the
central 1/3 although the swelling and tenderness
remain fixed in relation to the malleoli from full
dorsi- to plantarflexion. Insertional tendinopathy
or Achilles enthesopathy is characterized by pain,
swelling, and tenderness of the posterior aspect
of the calcaneus that is aggravated by active to
passive motion [72, 75].
From an imaging standpoint, X-ray radiography may demonstrate deviation of the soft tissue
contours. Insertional Achilles tendinopathy at
the calcaneus can result in calcifications and
enthesophyte development. Ultrasonography
(US) correlates the histopathologic findings
very well and offers advantages over the other
imaging modalities. Ultrasonography can quantify tendon structure and may demonstrate an
enlarged tendon with or without fibrillation or
hypoechoid areas. Additionally, power Doppler
US can detect neovascularization and can serve
as a reliable to tool to diagnose and follow
Achilles tendinopathy. In the setting that US
remains inconclusive, magnetic resonance
imaging (MRI) of the tendon can be used and

Fig. 40.2 MRI demonstrating tendinopathy of the main
body of the Achilles tendon, localized thickening without
involvement of the paratenon (Borrowed from Maffulli
et al 2019. Foot and Ankle Surgery)

will further characterize the internal morphology of the tendon and surrounding tissues. MRI
also clearly delineates paratendinopathy and
tendinopathy of the main body of the tendon
(Fig. 40.2). If considering surgical intervention,
MRI may be valuable in pre-operative planning
although the high sensitivity of MRI should be
interpreted with caution and correlated directly
to patient symptoms [5].

40.5.2.1

Nonoperative
Treatment (Fact Box 2)
The management of Achilles tendinopathy lacks
evidence-based guidance and long-term morbidity is unpredictable. In a prospective observational study of patients with AT, 29% of patients
required surgical intervention during an 8-year
follow-up period [76]. Nonoperative management should be implemented for a minimum of
3–6 months prior to surgical consideration [77].
There is a distinct overlap in the nonoperative
management of patellar and Achilles tendinopathy. This segment of the chapter is abbreviated as
the same principles are in play as previously
described for the management of patellar tendinopathy. Anti-inflammatory medications demonstrate a modest improvement in symptoms in the
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short term as well as facilitating eccentric
strengthening exercises of the gastrocnemius and
soleus. There is the caveat of the analgesic effect
potentially allowing patient to ignore early symptoms and imposing further damage on the affected
tendon. Stretching of the gastrocnemius/soleus
complex is essential in these patients as many
jumping athletes are predisposed to gastrocnemius contracture, as this can often exacerbate
Achilles tendinopathy [77].
Rest and eccentric exercises are the mainstay
of therapy, and multiple studies have demonstrated 60%–80% of patients safely continuing
with their preferred activity [78–80]. The combination of eccentric exercises with extracorporeal
shockwave therapy has been shown to produce a
higher success rate as compared to each modality
in isolation [81].
Injections of PRP are preferred in succession
as opposed to single injections for patellar tendinopathy and other tendinopathies (rotator cuff,
lateral epicondylitis) [82]; this principle may be
applied to the Achilles with the caveat that recent
literature suggests equivocal efficacy in the management of chronic Achilles tendinopathy with
PRP as compared to saline injection [83]. Further
research with a large, multicenter, blinded, randomized controlled trial with a robust study population and long-term follow-up is needed to
confirm these findings [84]. Corticosteroid injections are not recommended as literature has
shown limited benefit with potential risk of tendon rupture [47, 85].
High-volume ultrasound-guided injections
aim to produce local mechanical effects, aiming
to stretch, break, or occlude neo-vessels. The
injections can be localized to the area pathology,
whether midportion or insertional tendinopathy.
Short- and long-term pain relief along with
improved daily function (VISA scores) has been
observed in 70% of patients with resistant
Achilles tendinopathy after injection with 10 mL
of 0.5% bupivicaine, 25 mg hydrocortisone acetate, and up to 40 mL of normal saline [86].
Similar improvement in symptomology via pain
and stiff values as well as VISA scores has been
noted in comparison to ESWT [87].

Unique to Achilles tendinopathy, orthotics are
widely used with heel pads alleviating insertional
Achilles tendinopathy, but clinical evidence is
limited [88]. An AirHeel brace, with applied
intermittent compression to minimize swelling
and promote circulation, may serve as an alternative to eccentric exercises, particularly in patients
with activity-limiting pain. No clinical differences
have been found in the comparison of the AirHeel
brace and eccentric training program for chronic
Achilles tendinopathy [89].

40.5.2.2

Operative Treatment
(Fact Box 3)
Approximately one-third of patients with Achilles
tendinopathy fail to improve after 3–6 months of
conservative management and as a consequence
surgical treatment may be indicated [75]. Surgical
intervention entails a spectrum from simple percutaneous tenotomy, to minimally invasive stripping of the tendon, to open procedures that may
include tendon augmentation. In systematic
review of surgical intervention for chronic
Achilles tendinopathy, successful results in over

Fact Box 3 Operative Management
of Tendinopathy

• Open or arthroscopic debridement of
the inferior pole of the patella and
pathologic tissue at the postero-superior
patellar tendon is the mainstay of surgical
management
of
patellar
tendinopathy.
• Gastrocnemius contracture is important
to assess and can be routinely treated
with gastrocnemius recession.
• Achilles paratendinopathy can be managed with minimally invasive stripping,
tendoscopic debridement, or open
debridement of the paratenon.
• Open debridement and tubularization of
the Achilles tendon or debridement of
the insertion on the calcaneus allow for
the removal of pathologic tissue, an initiation of a healing response.
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70% of cases have been reported with a particular
predilection for male patients and those who
classify as athletes.
Regardless of the anatomic location of the
Achilles tendinopathy, patients must be first
assessed for gastrocnemius contracture via the
Silfverskiold physical examination maneuver.
This entails assessment of ankle dorsiflexion
with and without knee flexion, determining the
contribution of the triceps surae to limitation of
ankle dorsiflexion. Gastrocnemius recession may
be an adequate surgical option to address symptoms of refractory Achilles tendinopathy. Our
preferred method of gastrocnemius recession
involves a medial incision at the muscle-tendon
intersection of the gastrocnemius with division of
the gastrocnemius fascia while taking care to
avoid injury to the sural nerve. Increased ankle

a
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dorsiflexion without increased force on the tendon may alleviate further tendinopathy.
Isolated paratendinopathy can be managed
with debridement of the paratenon; this may be
done via a minimally invasive stripping technique (Fig. 40.3), endoscopically, or with an open
incision. Minimally invasive stripping involves
prone positioning with a tourniquet inflated to
250 mmHg. Two longitudinal 0.5 cm skin incisions are made at the proximal origin of the
Achilles tendon, just medial and lateral to the origin, and two additional 0.5 cm incisions are made
1 cm beyond at the distal end of the AT. Using
small hemostat, the AT is freed of adhesions
proximally and a nonabsorbable suture is
inserted, passing through the proximal incisions.
This is then retrieved distally and used to carefully strip the posterior extent of the tendon from

b

c

Fig. 40.3 Minimally invasive stripping of Achilles tendon. (a) Hemostat inserted to free AT of peritendinous
adhesions. (b) Nonabsorbable suture inserted proximally
and retrieved distally. (c) Using gentle sawing manipula-

tion, the suture is translated from proximal to distal, freeing the tendon periphery [75] (Borrowed from Maffulli
et al 2019. Foot and Ankle Surgery)
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proximal to distal [75, 77]. Endoscopic technique
involves the use of a 30° arthroscopic camera and
a mechanical shaver to break up paratenon
adhesions.
Fig. 40.4 With patient
lying prone, the area of
maximal tenderness is
palpated, and
ultrasonography
identifies swelling and
location is marked. (a)
#11 scalpel blade is
inserted parallel to the
long axis of the tendon
fibers in the center of the
area of tendinopathy.
The cutting edge of the
blade is directed
caudally and penetrates
the full thickness of the
tendon. With the blade
in place, a full passive
ankle dorsiflexion is
performed. This process
is repeated with the
blade angled at 45° on
the sagittal axis medially
and laterally (b).
Ultimately the blade is
reverse 180° and the
entire process repeated
(c) (Borrowed from
Maffulli et al 2019. Foot
and Ankle Surgery)

a

c

Tendinopathy of the midportion of the Achilles
tendon can be managed by less invasive percutaneous longitudinal tenotomy (Fig. 40.4) If percutaneous techniques are not successful, a more

b
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aggressive open debridement with tubularization
of the tendon is an option. Typically, if more than
50% of the tendon is pathologic and requires
debridement, we advocate for a flexor hallucis
longus (FHL) tendon transfer to augment the
deficit. Insertional tendinopathy is approached in
a similar fashion with debridement and reattachment of the tendon. Debridement or resection of
the postero-superior extent of the calcaneus is
recommended to facilitate healing. Concomitant
tendon transfer is indicated in greater than 50%
AT resection. In cases of a nonviable Achilles
tendon, with advocate for hamstring autograft as
an option for reconstruction of Achilles tendon
defects [90].
Surgery for insertional Achilles tendinopathy
has shown to be correlated with good functional
outcomes and satisfactory return to sports in 71%
of patients when the surgical care was tailored to
the degree of tendon involvement [91].

Take-Home Message

Management of patellar and Achilles tendinopathy in athletes requires timely
diagnosis and patience in management
from the provider and patient alike.
Nonoperative management should be the
goal and the overall mainstay of treatment. Activity modification to alleviate
stresses to the affected tendon is a primary element of this approach. Due to
limited level 1 evidence for the management of tendinopathy, all modalities
available in our armamentarium must be
used judiciously. Recent literature suggests that adjunct therapies such as extracorporeal shock wave therapy (ESWT)
and platelet-rich plasma injection (PRP)
are indicated to accelerate rehabilitation
(eccentric exercise) and return to play.
Ultimately, surgical modalities for refractory or recalcitrant symptomology are
available, yet should remain avoidable
with vigilant and aggressive management
of tendinopathy.
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41.1

Introduction

Low back pain is common among the general
population, with a prevalence of up to 80%
[1]. However, professional athletes put repetitive, unnatural levels of stress on their spine in
the form of dynamic loading (jumping), lateral
bending, twisting, shear, and compressive forces
[2]. Low back pain is the seventh most common
injury found in NCAA men’s basketball population, accounting for 2.2% of the injuries sustained
in games and 3.6% of the injuries sustained in
practice [3]. At the professional level, the trunk
and spine was found to be the fourth most prevalent injury region [4].
The success of treatment of low back pain is
intrinsically tied to the accuracy of diagnosis,
especially given that athletes are likely to return
to the pattern of activity which produced their
L. W. Massie (*) · C. I. Shaffrey
Departments of Orthopaedic Surgery and
Neurosurgery, Duke University Medical Center,
Durham, NC, USA
e-mail: lara.massie@duke.edu;
Christopher.shaffrey@duke.edu
T. J. Buell
Department of Neurosurgery, University of Virginia
Health System, Charlottesville, VA, USA
e-mail: tjb4p@virginia.edu
E. Behrbalk
Department of Orthopaedics, The Spine Unit, Hillel
Yaffe Medical Center (HYMC), Technion University
Hospital, Hadera, Israel
e-mail: eyalb@hy.health.gov.il

injury in the first place. Several treatment classification schemes have been described to guide
workup for the diagnosis and treatment of low
back injuries from a physical therapy and training
perspective [5, 6]. These largely emphasize accuracy of diagnosis and identification of psychosocial stressors or psychological stressors which
can predispose to lingering symptoms (such as a
fear-based mindset) which can be addressed as
part of the therapeutic regimen.
In comparison to an older, degenerative population with back pain, the athletic population is
more likely to experience an acute disc herniation, a stress fracture of the pars interarticularis,
muscular back strain. Identification of red flag
symptoms during workup can help delineate
which patients are most likely to benefit from
advanced imaging rather than rest.

41.2

Epidemiology in Basketball

A recent systematic review focusing on the
epidemiology of sports injuries in Basketball
reported that a total of 975 injuries were registered as associated to the trunk and spine,
representing 7.5% of all injuries [4]. A higher
prevalence of trunk and spine injuries was
observed in professionals, and of the total trunk
and spine injuries reported, 31% were registered
in children and adolescents and 69% in professional players. The trunk and spine was the
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fourth most prevalent injury region in professionals. Of the all injuries reported for professionals, 11.1% occurred in the trunk and spine,
while only 5% for children and adolescents [4].
Starkey reported that only 6.9% of all injuries
occurred in this region in a study on NBA players; however, only injuries to the lumbar and
thoracic spine were reported, and not pooled
with trunk injuries [7].
Other studies in adolescent basketball players
reported trunk and spine injuries accounted for
11.4–13.5% of all injuries [3, 8].
Drakos et al. in their 17-year review of injuries in the NBA reported that lumbar spine injuries accounted for 10.2% of all injuries (n = 1279)
and were responsible for almost as many games
missed (n = 6729) as ankle injuries (n = 6838) [9].

41.3

Spinal Anatomy

A comprehensive understanding of spinal anatomy is important and can help facilitate accurate
diagnosis of the underlying pathology which
manifests as low back pain. Briefly, the lumbar
spine is composed of five vertebral segments,
which surround the spinal canal. It sits above the
sacrum, which articulates with the pelvis at the
sacroiliac (SI) joints. The lumbar vertebrae articulate posteriorly at the facet joints and anteriorly
at the intervertebral discs. Between the superior
and inferior facet joints at each level is a bridge
of bone, the pars interarticularis, which is subject
to repeated stress or congenital nonunion (traumatic or congenital spondylolysis). There are ligamentous attachments anteriorly and posteriorly
along the vertebral bodies, as well as between
the laminae posteriorly. Any of these anatomical
structures can be injured and produce symptoms
of low back pain.
Intervertebral discs are composed of a fibrous
outer layer (annulus fibrosis, functions as a ligament to restrain movements of the vertebral bodies above and below), as well as a gelatinous
nucleus pulposus.
The neural elements (spinal cord, which ends
around L1, and lumbar nerve roots, which exit
at each neural foramen) are surrounded and pro-

tected by the bony and ligamentous spine but are
at risk of impingement or irritation when there
is injury or inflammation to the musculoskeletal
structures.
Furthermore, the spine is surrounded by muscular attachments anterolaterally (psoas), posteriorly (erector spinae, multifidus, and interspinalis),
which also are subject to injury or strain.
An understanding of the normal biomechanics of the lumbar spine is helpful to identify how
certain activities can worsen symptoms. For
instance, extension of the lumbar spine decreases
the diameter of the spinal canal and neural
foramina, whereas flexion expands both spaces.
Flexion increases pressure on the intervertebral
discs, and extension increases pressure on the
facet joints. Axial loading (such as landing from
a jump) puts a significantly higher pressure on
the intervertebral disc than the facets. Bending
and twisting stress both the annulus fibrosis of
the intervertebral disc and the facet joints and can
lead to annular tears.
Biomechanically, basketball players experience significantly more twisting, bending, and
axial compressive forces than would be experienced in normal daily activities [7].

41.4

Clinical Examination

History and physical examination are critical
in aiding with diagnosis. Information about the
onset (gradual vs. sudden), location, timing, and
relationship to activity is critical in diagnosis.
Gradual onset may be suggestive of a stress injury
such as a fracture of the pars interarticularis.
A clear understanding of the location and distribution of the pain (between the low back and
lower extremities) is critical. Pain which radiates down the legs is concerning for nerve root
irritation and classically follows a dermatomal
pattern. Pain that does not follow a classic dermatomal pattern may indicate a peripheral nerve
injury, or if it involves both lower extremities, it
could be concerning for central involvement with
cord compression and myelopathy.
Timing of pain and association with activity is
also critical. Pain that is worse with motion, espe-
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cially twisting, is indicative of mechanical back
pain. Pain arising from the discs may worsen
with flexion or with straining. Pain with extension may be associated with spinal stenosis, SI
joint dysfunction, or spondylolysis. Lying down
often improves discogenic, mechanical, and stenotic symptoms, but back pain that worsens at
night should be considered a “red flag symptom”
as it may be associated with neoplasm/tumor.
Other red flag symptoms for spine pathology
that may warrant urgent workup/imaging include
bowel, bladder, or sexual dysfunction (associated with neurologic impingement of the conus
medullaris/cauda equina). Fever and the inability
to find a comfortable resting position warrant further investigation for an infectious source of pain.
Physical examination should assess the overall alignment of the patient’s stance, palpation
for any step-offs along the palpable spinous processes or paraspinal muscle spasm, and range of
motion in flexion, extension, side bending, and
twisting. Patients should be asked to identify the
exact location and distribution of their pain and
any numbness or tingling radiating into the legs.
The patient’s posture and gait should be assessed
for any forward flexion (spinal stenosis), wide-
based stance (myelopathy), or leaning to one
side (often away from the side of nerve root
compression).
Neurologic examination, including motor
strength, sensory exam, and reflexes, is critical
to document. Findings of nerve root compression
(lower motor neuron findings), include muscular
weakness or numbness in a dermatomal distribution and hyporeflexia. Spasticity, hyperreflexia,
clonus, and non-dermatomal numbness/weakness are concerning for spinal cord compression
(myelopathy). In cases of suspected spinal cord
injury, rectal tone should be documented.
Provocative maneuvers during physical examination are also useful. Lower lumbar radicular/
sciatic pain can often be reproduced with the
crossed straight leg raise (SLR) test (elevation of
the leg ~60°). Similarly, upper lumbar radicular
pain can often be provoked with a femoral stretch
test. Flexion, abduction, and external rotation
(FABER) of the hip/ Patrick’s test can suggest
hip or SI joint dysfunction.

41.5
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Radiographic Evaluation
and Additional Testing

Any form of imaging provides a structural
assessment of the skeletal and neural structures.
It is important to remember that the presence of
a radiographic abnormality may or may not correlate with the patient’s clinical symptoms. On
initial assessment, imaging studies may not be
indicated if there are neither neurologic deficits
nor other red flag symptoms. Disc herniations
and degenerative changes are noted on 35% of
MRIs performed on asymptomatic volunteers
[10]. Given that the athletic population has been
found to have more rapid deterioration of the
lumbar intervertebral discs than age-matched
counterparts, they may have several abnormal
findings on imaging which are incidental [11].
Plain radiographs, especially standing and
weight-bearing films, allow for the assessment of
vertebral alignment, disc height, facet arthropathy,
and foraminal height. Spondylolisthesis, degenerative endplate changes, and congenital anomalies
can also be identified. Mobile spondylolisthesis
can be assessed on flexion/extension imaging.
Advanced imaging with computed tomography (CT) is helpful in assessing the osseous structures and more definitively visualizing suspected
spondylolisthesis/stress fractures. Magnetic resonance imaging (MRI) is more useful for visualizing the soft tissues of the discs, spinal cord, and
nerve roots. Short-TI Inversion Recovery (STIR)
can be used to identify edema in acute injuries
consistent with ligamentous and muscular strain.
CT myelography can be used as an alternative to
MRI to identify compressive lesions, especially
in patients with history of instrumented spine
surgery since metallic artifact can severely limit
accurate MRI assessment.
Neural function can be assessed with electromyography (EMG) and nerve conduction studies
(NCS); however, these tests are performed in the
paraspinal muscles and extremities distal to the
common site of compression, and the nerve will
produce normal firing on stimulation distal to the
injury on EMG/NCS testing for several weeks
after an acute injury. Thus, EMG/NCS is usually
reserved for 4–6 weeks following injury.
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41.6

Common Spinal Injuries

41.6.1 Lumbar Strain
Definition: Paraspinal muscle strain. The most
common cause of lower back pain [12].
Mechanism of injury: Overuse or over-
stretching of a muscle, ligament, or muscle-
tendon unit. Often occurs with repetitive motions
(overuse), misuse, or with trauma to the low back.
Can have an associated inflammatory radicular
pain.
Clinical symptoms: Back pain without neurologic deficit. Pain is often localized and is
consistent with muscular spasm. There may be
immediate pain or a delayed development of
stiffness and muscular spasm the day after the
injury. Pain is exacerbated by stretching and
relieved with rest.
Diagnosis: MRI may show bright signal at
the site of the tear on the STIR images. Weight-
bearing imaging may show straightening of the
spine from paraspinal muscle spasm.
Treatment: Rest from athletic activities, with
early gentle mobilization. Rest should be limited to 1–2 days. Steroids or nonsteroidal anti-
inflammatory drugs (NSAIDs), muscle relaxants.
Physical therapy with core strengthening.
Stretching. Trigger point injections.
Prognosis: 90% of patients achieve total resolution of their symptoms within 2 months in the
general population [12]. Return to play should be
delayed until the patient has complete range of
motion [13].

41.6.2 H
 erniated Nucleus Pulposis
and Radiculopathy
Definition: Radiculopathy: Numbness, weakness,
parasthesias, or pain caused by impingement or
damage to a single nerve root.
Mechanism of injury: Protrusion of the
nucleus pulposus through the annulus fibrosis (Figs. 41.1 and 41.2), either in continuity
(termed “herniation”) or not (“extrusion”). This
usually occurs posteriorly along the annulus,
either centrally or eccentric to one side. In more
advanced cases of degeneration of the nucleus

Fig. 41.1 A computerized illustration of a lumber intervertebral disc herniation (Courtesy of Thomas J Buell.
Used with permission)

pulposis, there can be an annular bulge rather
than a disc herniation.
Clinical symptoms: Patients will often have
some degree of back pain but a more significant
lower extremity pain in the associated dermatome. Often, when a disc bulge or herniation is
paracentral, symptoms will be unilateral. Central
disc herniations, if large enough, can produce
cauda equina syndrome (weakness and urinary
retention with overflow incontinence). Patients
with severe, unrelenting radicular pain may have
herniations more laterally along the annulus
which can compress the dorsal root ganglion of
the nerve as it exits the foramen. Thoracic disc
herniations can produce radicular pain around
the chest or abdominal wall, and these patients
should also be examined for symptoms of
myelopathy.
Diagnosis: Advanced imaging with MRI or
CT myelogram is the most sensitive for evidence
of compression. Selective nerve root injections
can be helpful as both a nonoperative treatment
and serve as a diagnostic aid in patients with
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Fig. 41.2 L5-S1 left lumbar disc herniation on MRI

multilevel radiographic changes or nonspecific
radicular pain.
Treatment: Nonoperative treatment includes
neuroleptic pain medications (gabapentin,
pregabalin), nonsteroidal anti-inflammatory
medications, a short course of oral corticosteroids, injection of epidural corticosteroids,
and physical therapy. Physical therapy treatment regimens may initially begin with extension and isometric exercises, as flexion places
additional stress on the intervertebral discs
[13]. Surgical intervention is indicated more
urgently for neurologic weakness or myelopathy, or after a failure of conservative treatment
for radicular pain.
Prognosis: Return to play should be delayed
until the patient has pain relief and return of
normal range of motion in those managed
conservatively, typically 3 months for those
playing contact sports [13]. Ninety percent of
athletes treated with lumbar discectomy were
able to return to play for single-level disease
[14], and return to play should be delayed
3 months after surgery to prevent risk of reherniation [15].

41.6.3 Spondylolisthesis
and Spondylolysis
Definition: Slippage of one vertebral body relative to another is termed spondylolisthesis. When
this occurs due to a defect or break in the pars
interarticularis (Fig. 41.3), it is termed spondylolysis (Fig. 41.4). The superior vertebral body
will slip forward (anterolisthesis) or backward

Fig. 41.3 A computerized illustration of a pars interarticularis defect/break (Courtesy of Thomas J Buell. Used
with permission)

(retrolisthesis) as compared with the inferior
body, creating kyphosis and foraminal stenosis at
that segment.
Mechanism of injury: Spondylolisthesis can
have a variety of causes: Isthmic (caused by
a defect in the pars interarticularis after repetitive stress, especially extension), degenerative
(caused by disc and facet joint degeneration
which leads to ligamentous laxity), traumatic
(caused by high impact injuries), pathologic
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Fig. 41.4 L5 spondylolysis on axial (left) and sagittal (right) CT scan images

(caused by tumors or osteoporotic bone), or dysplastic (congenital abnormalities).
Isthmic spondylolisthesis is the most common. This begins as a stress reaction to repetitive motion (such as hyperextension, twisting,
and axial loading as in gymnastics). The stress
reaction can progress to a full stress fracture
(spondylolysis) and can form a chronic fibrous
nonunion (pseudarthrosis) which allows the vertebral body, pedicle, and superior facet to slip
forward. Overgrowth of fibrous tissue in the area
of the fracture at the pars interarticularis, which
forms the posterior/superior corner of the neural
foramen, will often contribute to foraminal narrowing and radicular symptoms.
Clinical symptoms: Patients may be asymptomatic initially and unaware of their defect,
especially if they have a low-grade spondylolisthesis. Back pain in this condition is often
the first symptom, is worse with activity,
especially extension. Pain can be generated
by the stress reaction in the pars interarticularis, which can progress to a stress fracture,
and eventually abnormal slipping motion of
the vertebral bodies (spondylolisthesis). There
can be associated radicular pain from inflammation during a stress reaction, or, in a mobile

spondylolisthesis, from dynamic compression of the exiting nerve root in the foramen,
or from compression of the traversing nerve
roots in the lateral recess. Clinical symptoms
may be related to the degree of slippage, which
is graded into five categories based on how
much of the length of the superior vertebral
body has slipped forward beyond the inferior
body. When the superior vertebrae completely
slips forward beyond the inferior level, this is
termed spondyloptosis.
Diagnosis: Spondylolisthesis is graded on
upright, weight-bearing radiographs. Flexion
and extension views will be helpful in assessing
for additional motion. Oblique images will more
clearly show the pars interarticularis and whether
there is a break or fibrous nonunion. CT will also
clearly reveal whether there is a bony defect.
Supine imaging, such as on CT and MRI, can
be compared to the standing radiographs, and if
there is a change in the amount of slippage when
going from supine to standing, the spondylolisthesis is mobile. Often, on MRI alone, it can be
difficult to definitively identify a spondylolysis,
especially one which reduces completely when
supine, depending on the thickness of the sagittal
imaging.
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Nuclear imaging with a bone scan can identify
a stress reaction which has not yet progressed to
a fracture.
Patients may have a palpable step-off on palpation of the spinous processes. They will often
demonstrate exaggerated lumbar lordosis and
lumbar muscle spasm.
Bertolotti’s syndrome consists on the presence
of a transition vertebra which can cause a conflict with the sacrum or ilium due to a hyperplastic transverse process or even in changes in the
mobility of the lumbar spine which may trigger
symptomatic discopathies, leading also to LBP. It
affects 3–9% of the population and sometimes
can be confused with spondylolysis. Treatment
consists of pain management and control, which
can be attainable with rest and/or an orthosis.
The role of physical rehabilitation is important,
not neglecting the sport-specific skills. Surgical
treatment is not advisable for this condition.
Treatment: Depends on the stage of injury to the
pars interarticularis and grade of spondylolisthesis
at the time of diagnosis. Bracing could be considered when a stress reaction is detected, or when
an acute stress fracture is visible in CT imaging. If
there is sclerosis at the fracture line, bracing will no
longer be effective, and there is a fibrous nonunion.
Rest and participation in rehabilitation, once
the patient is completely pain-free, are indicated.
Surgery is indicated for intractable pain or neurologic symptoms in a mobile spondylolisthesis. Single-level fusion (Fig. 41.5) or direct pars
repair are surgical options.
Prognosis: In nonoperative management, athletic activities should be stopped until lumbar
extension is pain-free (often 2 months or more)
[16]. Direct pars repair for spondylolysis without
significant spondylolisthesis may preserve range
of motion as compared with lumbar fusion, and in
one series of four patients treated with direct pars
repair, all had returned to training at 6 months,
and competition by 1 year post surgery [17].

41.6.4 Vertebral Stress Fractures
There are many types of stress fractures; the
majority of them occur in poor-conditioned ath-

515

Fig. 41.5 Minimally invasive single-level transforaminal
lumbar interbody fusion (MI-TLIF)

letes or in those subjected to heavy loads. While
the majority of stress fractures involve the lower
extremities, they can occur in vertebral bodies and are not uncommon in basketball. In a
recent epidemiologic study focusing on stress
fractures in collegiate student-athletes over 10
seasons, lower back/lumbar spine/pelvis region
was the third most common location with 12.1%
of all stress fractures [18]. Out of these, the rate
in male basketball players was reported to be
8.3% while the rate in female players was 4.5%.
Spondylolysis can be considered as part of the
stress fracture spectrum, but other types include
vertebral endplate fractures in adolescents due
to growth plate and undeveloped ossification
centers and vertebral body stress fractures.
Stress fractures result from repeated submaximal loads causing fatigue of the bone structures.
These fractures occur when the stress applied
to the bone is greater than the bone’s capacity
to remodel and heal. Bone turnover depends
on genetic, hormonal, mechanical, and nutritional factors. The repetitive microdamage and
the incapacity to maintain appropriate skeletal
repair (fatigue reaction or fracture) are characteristics of stress fractures in the athlete. The
true prevalence of stress fractures is unknown
since the majority of them are underdiagnosed.
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Plain radiographs are usually normal; however,
an MRI or a bone scan can detect the fracture
as early as few days after its occurrence. A CT
scan can also provide good accuracy for detecting vertebral stress fractures. Treatment should
consist of a period of rest and physical rehabilitation; in some cases surgical treatment is
required in order to stabilize the fracture site
with vertebroplasty or kyphoplasty.

41.6.5 Annular Tears

be visible as a site of increased activity on bone
scan.
Treatment: Nonsteroidal anti-inflammatory
drugs (NSAIDs) and image-guided steroid injections into the affected joint are usually quite
effective.

41.7

Return to Play
Considerations

Return to play criteria is dependent on the diagnosis and treatment. Any injury with a neurologic
Definition: A tear in the annulus fibrosis, with or component (motor weakness, numbness extendwithout herniation of disc material.
ing into the arms or legs) requires urgent assessMechanism of injury: Repetitive rotation. ment by a spine specialist.
Causes inflammatory radicular pain.
While no specific guidance exists about return
Clinical symptoms: Back pain, with or without to play after lumbar injuries in basketball, as in
inflammatory radicular pain without neurologic other contact spots, players should be pain-free
deficits. Often will be associated with lumbar with no neurological deficit. For patients treated
paraspinal muscle spasms.
with a fusion, evidence of bone fusion should be
Diagnosis: MRI may show bright signal at visible [19].
the site of the tear on the T2-weighted images.
College basketball players were found to be
Weight-bearing imaging may show straightening 1.61 times more likely than age-matched counof the spine from paraspinal muscle spasm.
terparts to have multilevel disc degeneration on
Treatment: Steroids or nonsteroidal anti- imaging, with 81% of basketball players reported
inflammatory drugs (NSAIDs), physical therapy experiencing low back pain and 28% reporting
with core strengthening.
radicular pain during their playing career [11].
This may complicate standard criteria for return to
play (such as complete pain freedom). However,
41.6.6 Inflammatory Syndromes
in general, it is recommended that players would
meet the following four criteria for safe return to
Definition: Pain arising from inflammation of the play: they should be free of pain, have full range
of motion, full strength, and no neurologic injury
facet joints or sacroiliac (SI) joint.
Mechanism of injury: Inflammation of the [20]. Successful completion of a structured rehasynovial lining in these joints, with or without bilitation program tailored to the demands of the
cartilage damage. Sacroiliitis is common after player’s position is also recommended [21].
repetitive jumping or single leg standing/landing,
as is common in basketball.
Clinical symptoms: Facet inflammation: Back 41.8 Athletic Performance After
pain, especially with extension, rotation, and
Low Back Injuries
bending. Sacroiliitis: pain overlying the SI joint,
and Treatment
which may be associated with an inflammatory
sciatica. Several provocative maneuvers: FABER In an analysis of 61 NBA players diagnosed with
testing, pain with palpation, and pain with exten- lumbar disc herniation, 34 underwent discectomy
sion may suggest sacroiliac dysfunction.
and 27 were managed conservatively. Players
Diagnosis: Plain radiographs may show were equally likely to return to play despite operadegenerative arthritis at the facet joints or SI joint tive and nonoperative treatment (77.8% vs.
in advanced cases. Facet joint inflammation may 79.4%) [22]. Players treated operatively played
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significantly fewer games and had a significantly
decreased player effectiveness rating in the season
following their injury; however, there were no differences in the second postinjury season. Patients
treated operatively had no significant decrease in
their overall career length compared to noninjured patients, whereas injured patients treated
nonoperatively did have a significant decrease in
their career length (3.25 vs. 5.79 seasons).
Take Home Message

Low back injuries are common in basketball due to the biomechanical stressors
associated with play. Accurate diagnosis
is the most critical factor for successful
treatment and return to play. Acute lumbar strain is the most common injury and
carries a good prognosis. However, any
chronic pain or injury presenting with neurologic symptoms should prompt evaluation by a qualified spine specialist.
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Osteoarthritis in Basketball
Players

42

Richard Danilkowicz, Brian C. Lau, Thomas Carter,
and Annunziato Amendola

42.1

Introduction

Osteoarthritis is a condition most commonly
associated with the aging population, but it is also
the one that is critical for the sports physician to
understand in athletes. Arguably the most common of joint disorders and the most prevalent
form of arthritis, osteoarthritis is a disease of primarily the articular cartilage, and also includes
the adjacent subchondral bone and soft tissues of
the joint that poses not only a physical burden to
those affected but also a significant financial burden for the health-care system [1]. When dealing
with basketball players in particular, it is critical
to not only understand how to manage already
established osteoarthritis in older players but also
how to identify and treat the potentially modifiable conditions in younger players who may be
prone to developing osteoarthritis at an advanced
rate when compared with non-athletes of similar
age. Although data is scarce in terms of overall
prevalence of osteoarthritis specifically in basketball players, there are studies suggesting that the
anterior knee pain found in up to one-fourth of
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youth basketball participants has a patellofemoral component that is suggestive of underlying
degenerative changes [2]. While some risk factors for osteoarthritis are non-modifiable, understanding the disease process and potential points
of intervention is key. Optimization of the joint
health in basketball athletes is critical to both
their statistical production on the court and longevity in the sport and should be a high priority
for the medical teams.

42.2

Anatomy and Physiology

The underlying mechanism behind osteoarthritis is the degeneration of articular cartilage,
which leads to decreased joint lubrication and
an increase in force transmission to the subchondral bone. Cartilage is composed primarily
of water, and along with collagens, proteoglycans, extracellular matrix, and other proteins, it
is able to withstand repeated cyclic loads without damage [3]. The three primary zones that
comprise cartilage each contain a varying composition of cells (Fig. 42.1) [4]. The superficial
zone, which comprises 10–20% of the total cartilage volume, provides protection from shear
stress due to the presence of tightly packed collagen fibers and low levels of aggrecan. This
level is also important for the secretion of joint
lubrication fluid that is crucial for proper joint
function. The middle zone, also named transitional zone, comprises the bulk of articular car-
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Fig. 42.1 Zones of Cartilage in Normal and Osteoarthritis
Joint [4]. Obtained from Sharma AR, Jagga S, Lee S-S,
Nam J-S. Interplay between cartilage and subchondral

bone contributing to pathogenesis of osteoarthritis. Int J
Mol Sci. 2013;14(10):19805–19830

tilage at 40–60% and contains a random
collection of collagen fibers that serve to oppose
compressive forces. Finally, the deep zone also
serves to resist compressive forces with the largest collagen fibrils, and also connects with the
underlying calcified zone and makes up approximately 30% of articular cartilage [5].
When cartilage is loaded, fluid shifts occur
allowing for a distribution of force that mitigates
impact, however, when the load is applied
quickly, as with the majority of basketball-related
movements, the cartilage is not given ample time
to distribute the force effectively [6]. The repetitive nature of this loading in basketball paly leads
to further cartilage degeneration, which takes the
form of zone composition and hydration changes
at the cellular level and will manifest as pain and
disability in the player [3].

Table 42.1 Joint forces during common activities

42.3

Biomechanics

The amount of force loading on individual joints
and compartments within a joint has been biomechanically determined through multiple studies
and can provide insight to the development of

Activity
Walking
Going upstairs
Walking downhill
Jumping
Jumping
Jumping
Jumping

Joint
Tibiofemoral
Tibiofemoral
Tibiofemoral
Patellofemoral
Tibiofemoral
Hip
Tibiotalar

Forces
3.4× body weight
4.3× body weight
8.5× body weight
4.6× body weight
9.0× body weight
8.4× body weight
10× body weight

osteoarthritis. The medial compartment of the
knee is often faced with the highest contact forces
due to the external knee adduction moment and is
frequently the first compartment to wear, as the
mechanical axis passes through the medial compartment in many knees [7]. The actual numerical
forces seen by the tibiofemoral joint have been
reported to be 3.4× the body weight when walking, 4.3× when going up stairs, and 8.5× when
walking downhill [7]. When jumping, there up to
4.6× body weight in the patellofemoral joint, while
it is higher in the tibiofemoral joint; 9×, the hip
8.4× and the ankle 10× body weight [8]
(Table 42.1). Since basketball is a jumping sport,
repetitive supraphysiologic loads may lead to early
degenerative changes in weightbearing joints.
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cess, and this is even considered to be a conservative number [14]. When considering the ankle
The risk factors for osteoarthritis in basketball alone, up to 90% of arthritic change may be
players can be divided into two broad categories, attributed to a prior traumatic injury which is a
non-modifiable and modifiable. The non- staggering number considering the ankle is the
modifiable risk factors are those that are present most commonly injured joint in athletics. It is
in all patients, not just the basketball athlete, and estimated that up to 22.6% of all injuries in high
include demographic factors of race, gender, and school and collegiate athletes involves the ankle,
age as well as genetics (Table 42.2). Epidemiologic and it is the most common injury in all basketball
studies have suggested that women are at higher players [14, 18].
risk for osteoarthritis than men, and African
Similarly, meniscal injuries of the knee are
Americans are the most at-risk race. In terms of very common among basketball athletes, comgenetic association with osteoarthritis, most stud- prising almost 10% of all knee injuries in NBA
ies agree that there is a genetic component players. There is a well-studied and documented
involved to developing osteoarthritis; however, connection between the increased incidence of
the extent of that connection is debated and a arthritis and meniscal injury. Meniscal injuries
wide range of risk statistics have been reported are a major contributor to early onset osteoarthri[9, 10]. A player’s natural varus/valgus alignment tis as their loss decreases the contact area of the
at the knee for example can play a major role in femur and thus increases the forces transmitted to
the early progression of osteoarthritis as changes the articular cartilage [7, 19, 20]. Although studof just 5° can have a clinical impact [11].
ies have shown that both the medial and lateral
Potentially modifiable risk factors again may menisectomy procedures lead to progression of
affect all individuals, but there are some that are OA in the respective compartment, there is no
more common in high-level athletes, see statistical difference between the two, while the
Table 42.2. The significance of these modifiable medial procedure is more common, therefore
risk factors may vary related to the specific sport more medial compartment OA progression is
or even by position within a single sport. For encountered [21]. Taking all knee injuries in
example, in basketball the center is generally account, meniscal injuries represent the fourth
larger than a point guard and may be at a higher most common injury site in NBA players, yet
risk for osteoarthritis based on a larger size and account for the most playing time lost [22, 23].
probably higher BMI [9, 12].
Estimates of articular cartilage injuries vary
The most widely accepted and clear connec- considerably depending on the sport, with
tion between modifiable risk factor and osteoar- approximately one-third of distance runners havthritis is prior injury status, which is common in ing a chondral lesion on magnetic resonance
basketball athletes [13–17]. Of all adults diag- imaging (MRI), primarily on the lateral patella,
nosed with osteoarthritis, regardless of activity in contrast to the 61% of players at the National
participation, it is estimated that approximately Football League Combine and 81% of National
12% have sustained an injury that started the pro- Collegiate Athletic Association (NCAA) basketball players [7, 24, 25]. A significantly higher
number of the distance runners also showed a
Table 42.2 Modifiable and non-modifiable risk factors
pattern of bone edema without accompanying
for osteoarthritis
chondral lesion, located primarily in the tibia and
Modifiable risk factors Non-modifiable risk factors
patella [25]. Basketball places a very high
Weight
Age
demand on the articular knee cartilage because of
Prior injury status
Race
the need for constant pivoting and jumping, and
Activity
Gender
Nutrition status
Genetics
cartilage injuries are ubiquitous among h igh-level
Bone mineral density
basketball players [26]. MRI studies of asympGait mechanics
tomatic collegiate and professional basketball
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players have reported incidence of chondral injuries in 81% and 50%, respectively [24, 27].
The root cause of injury leading to cartilage
wear is thought to be associated with an alteration
in joint biomechanics which leads to cartilage
being exposed to further injury [28]. This theory
suggests that the joint architecture is constructed
in a particular way that is most effective in absorbing and distributing a given load. Injury to the joint
disrupts this biomechanical equilibrium and shifts
the load to areas of the joint that were not meant to
support it based on instability and incongruity.
There is a particularly strong between joint injuries that require surgery, commonly seen in knees
and ankles [17]. These injuries place players at a
significantly higher risk of osteoarthritis within
10–20 years of injury, even if players remain
asymptomatic for years. Please refer to Table 42.2
below for a more complete list of risk factors.

42.5

Presentation in Basketball
Athletes

Distinguishing osteoarthritis in the basketball athlete is a difficult task, as pain is the most common
initial symptom and can be easily attributed to any
number of sports-elated activities such as muscle
fatigue. Further complicating this particular issue
is many of the athletes with early osteoarthritis are
asymptomatic, which can lead to further cartilage
degeneration as a player continues to perform the
same detrimental activities without proper intervention. The treating physician should suspect
potential pain related to cartilage injury or early
osteoarthritis in the athlete when they complain of
persistent dull joint pain, particularly with no
identifiable incident such as after noncontact
injury mechanism. Complaints of swelling, morning stiffness, and “my joints make noise” should
also arose suspicion as these symptoms are further suggestive of an arthritic process. The most
commonly involved joints for basketball players
are the knees and ankles, followed by the hips and
shoulders, primarily due to the injury incidence
and biomechanics as previously described.
The distribution of knee compartment wear
may vary based on some of the risk factors out-

lined above and present in either the medial, lateral, patellofemoral compartments, or a
combination. Localized pain along the medial or
lateral joint line as well as anterior pain may signify the underlying compartment affected,
respectively. If a player had a prior meniscal or
chondral injury, in whichever compartment the
injury occurred is likely to develop arthritis at an
advanced rate. Additionally, if a player’s knee is
biomechanically disposed due to alignment to
placing additional stress on any one of the compartments, as evidenced on plain radiographs,
that too will see an advanced wear pattern accompanied by an earlier onset arthritis.
In the ankle, a serious sprain commonly leads
to an osteochondral lesion within the tibiotalar
joint in 95% of cases as the medial tibial plafond
contacts the medial talar dome, starting the
arthritic cascade [14]. A medial sided talar lesion
is twice as likely as the lateral side with a common ankle sprain, with estimates of ½ of the
OCDs leading to OA down the road [14]. This
injury pattern leads to pain felt “deep” in the
ankle, often accompanied with symptoms of
instability and sometimes mechanical clicking.
Less commonly, the lesion may be seen in tibiofemoral or subtalar regions. The proper identification of athletes who may be experiencing
osteoarthritis-related pain based on presentation
is important in order to proceed to the proper
diagnostic evaluation.

42.6

Diagnosis and Imaging

The diagnosis of osteoarthritis in basketball
athletes routinely involves a combination of
history, physical examination, and imaging. As
outlined above, players will complain of pain
and stiffness in the joints. On physical examination, players will generally present with a
combination of the following in their painful
joint: crepitus, tenderness, or effusion. A history and physical examination is commonly
followed by diagnostic imaging, of which there
are many useful options that present different
diagnostic strengths and weaknesses in assessing osteoarthritis.

42 Osteoarthritis in Basketball Players

Radiographs are widely used as the initial
imaging to assess osteoarthritis based on their
ease to obtain and interpret, relative cost-
effectiveness, and minimal risk to the patient.
The five radiographic signs used to establish the
diagnosis of osteoarthritis are as follows [29]
(Fig. 42.2a, b):
1. Osteophyte formation at the joint margins.
2. Periarticular ossicles.
3. Narrowing of the joint space with subchondral
sclerosis.
4. Subchondral cysts.
5. Changes in the shape of bone ends at the joint,
such as flattening of the femoral condyles in
the knee.

a

b

Fig. 42.2 Radiograph of Osteoarthritic Knee.
Radiographs demonstrating advanced osteoarthritis in
41-year-old former professional basketball player. (a) AP
view with medial compartment narrowing. (b) Merchant
view of the patellofemoral view demonstrating mild joint
space narrowing and osteophytes
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Additionally, when a player presents with
symptoms and signs typical for arthritis or the
early stages of arthritis, the use of special radiographic views and measurements can be helpful
in identifying abnormalities that may predispose
to knee injury and ultimately the development or
progress of osteoarthritis. One such measurement, the Caton-Deschamps index of the knee,
compares the length of the patella articulating
surface and the distance from the inferior pole of
the patella to the tibia as a means of evaluating
the position of the patella. Patella positioning is
key for proper knee biomechanics and can be
predictive of improper force distribution, potentially accelerating an arthritic process, although
many players do have abnormal patella positioning on radiographs and do not progress to arthritis as a result. Radiographs represent just one
piece of the overall evaluation and should be
evaluated in the proper context. Full-length lower
extremity radiographs (hip-knee-ankle angle
measurement) also provides valuable biomechanical information in regard to the varus/valgus alignment of the lower extremity. While
useful for mild/moderate to severe cases, radiographs are less effective in early osteoarthritis
and their utilization alone may lead to a missed
diagnosis and opportunity for early intervention.
Not traditionally thought of as a means of
arthritis diagnosis and evaluation, ultrasound
(US) has emerged as a viable diagnostic option.
As a low cost, non-invasive modality that can be
performed easily at bedside in the clinic, ultrasound has been used for a number of indications
involving arthritis due to its ability to detect
changes in multiple tissues. Primarily, US can be
effective in the detection of effusion, synovial
thickness, synovitis, cartilage architecture, osteophytes, cystic lesions, and for the monitoring of
osteoarthritis progression [30]. As a safe, non-
invasive modality, US can be used to detect significant findings or evaluate responses to
intervention without the side effects other imaging may present. In evaluating early osteoarthritis, changes in the articular cartilage can be
observed on US as blurring of cartilage edges,
with more advanced disease presenting as joint
space narrowing and changes in the echogenicity.

R. Danilkowicz et al.

524

The disadvantage of ultrasound is mainly the
operator-dependent nature of the study, the lack
of access to all sections of most joints, and the
significant learning curve to effectively perform
the exam [30–32]. Additionally, a lack of established grading mechanisms for findings such as
those detected on plain radiographs and MRI
makes interobserver reliability difficult to ascertain [30].
The gold standard diagnostic modality to evaluate focal cartilage injuries in younger athletes is
MRI. One of the many roles of MRI is the detection of radiographically occult chondral lesions
that can predispose to osteoarthritis if left
untreated. Unlike radiographs, MRI does not produce harmful radiation and also allows for superior evaluation of the soft tissue. MRI also allows
direct visualization of the other joint structures
including ligaments and menisci. Multiple scoring systems have been developed using MRI, of
which the International Cartilage Regeneration
and Joint Preservation classification for focal cartilage lesions is one of the more widely recognized which allows for ease of interpretation and
comparisons between researchers and a clear
mechanism to track progression. Additionally,
other classification systems such as the ICRS
scale exist which rely on direct arthroscopic
views of the lesion (Table 42.3).
The quality images for an effective MRI is
dependent on field strengths. Field strengths must
be at least 1 T and 1.5 T is preferable for morphological and compositional assessment. More
modern scanners including 3 T provides a twofold increase in signal-to-noise ratio and spatial
resolution, and a fourfold reduction in imaging
time. T2-weighted sequences among conventional 2-D spin-echo sequences provide the optimal visualization with cartilage depicted as an
intermediate signal (gray) in the backdrop of
hyperintense (bright) synovial fluid. The limitations of conventional MRI imaging are cost and
potential technical difficulties in performing
examination on younger children who are unable
to tolerate sitting still for the entirety of the procedure [34].
Novel MRI techniques are being developed
for a quantitative assessment of cartilage. They

Table 42.3 ICRS Cartilage Injury Scale [33]
ICRS
score
0
1
2
3
4

Cartilage findings
Normal cartilage
Near normal cartilage surface
Defect less than 50%, partial thickness
Defect greater than or equal to 50%, partial
thickness
Full thickness defect

A 65.6mm
S 43.1mm
200

PC
86

TC

A
I
L

CLFC

20

PLFC

P
S
R

LTC
I

86

Deep layer
R
I

L
S

20

Superficial layer

II

Fig. 42.3 T1 Rho Imaging of Knee Cartilage [35]: (I)
sagittal and (II) axial views. Scales on the left with blue
indicating healthy cartilage and red indicating decreased
proteoglycan content (signaling worn cartilage). PC
patella cartilage, TC trochlear cartilage, CLFC central lateral femoral condyle, LTC lateral tibial cartilage, PLFC
posterior lateral femoral cartilage. Obtained from Chen
M, Qiu L, Shen S, et al. The influences of walking, running, and stair activity on knee articular cartilage:
Quantitative MRI using T1 rho and T2 mapping. PLoS
One. 2017;12(11):e0187008

include collagen assessment (T2 mapping) and
proteoglycan assessment (T1 rho, dGEMRIC,
Fig. 42.3) [36]. These biochemical assessment
techniques are capable of detecting the macro-
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molecular changes within the cartilage which
occur very early on in the development of actual
morphological changes of cartilage thinning and
focal defects [37, 38]. These techniques are
labor-intensive and currently remain in the
research realm, but as techniques are refined,
they will become more clinically available in
future and may change the diagnostic evaluation
and treatment of early osteoarthritis.

42.7

Treatment

The treatment algorithm for osteoarthritis in basketball players is primarily based on symptoms.
The initial preference for all basketball players is
nonsurgical managements, with surgical options
on a condition-specific basis and depending on
severity.
Any athlete still participating in competitive
basketball should be treated with the least invasive approach possible that will allow for continued participation while limiting the progression
of osteoarthritis for the future. The mainstay initial treatments are a combination of non-steroidal
anti-inflammatory medications, physical therapy
with a focus on quadriceps/hamstrings/and core
strengthening, orthotics, and functional bracing if
biomechanics are the issue [39–41]. Moreover,
low impact exercises that allow for strengthening
without additional stress including pool workouts, elliptical machine, and stationary bikes are
best for all forms of arthritis, particularly patellofemoral joint arthritis in the knee. If not adequately controlled, the next step in treatment
progression may be the use of injectables and
orthobiologics.
A corticosteroid injection directly to the
symptomatic joint allows for pain-free intervals
that may allow a player to make it through the
season or an especially symptomatic time frame.
These injections are generally given in 3-month
intervals with total injection number varying by
provider and continued response to treatment.
Studies have suggested the long-term use of corticosteroid injections to be safe although a concern about the long-term effect on chondrocytes
is a point of discussion and controversy [42]. An
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alternative injection option is hyaluronic acid,
which is based on the theory that arthritic joints
are deficient in this acid and direct supplementation can restore pain-free functionality to the
joint. Evidence exists that hyaluronic acid is beneficial for articular cartilage and delays degradation, with minimal side effects [43–47]. These
injections are intended to last longer than standard corticosteroid injections although the data
on their effectiveness is mixed [48, 49]. An
emerging set of therapeutic injections are the
orthobiologics, which consist of therapies including platelet-rich protein (PRP), stem cells, autologous conditioned serum, and adipose-derived
stromal cell therapy, among others.
PRP therapy is a topic of much discussion and
controversy due to its promise as a safe, natural
treatment for osteoarthritis. Based on the fact that
avascular cartilage requires additional factors to
assist in healing and regeneration, PRP provides
a local injection of highly concentrated, important natural proteins and growth factors spun
from the patient’s own blood that may diffuse
into the cartilage and assist in healing and repair
[50]. Although PRP is still debated in its efficacy,
recent meta-analyses and systematic reviews
have found PRP injections to provide pain relief
and functional benefits for patients when compared with placebo [51]. Similarly, stem cells or
bone marrow aspirate concentrate (BMAC) are a
treatment modality that also utilize the patient’s
own cells for regeneration and repair. Using bone
marrow aspirate from the iliac crest, or less commonly the proximal humerus or tibia, BMACs
are high in mesenchymal stem cells that are one
of the primary cells involved in cartilage repair
[50]. Stem cell and adipose-tissue-derived therapies have been extensively studied and are a popular topic in the future course of medicine, but to
this point the literature on their efficacy in treating osteoarthritis is controversial at best [52, 53].
Despite the current lack of high-level evidence
for its use, stem cell treatment presents another
potential option for the treatment of osteoarthritis
in basketball players that may provide both
symptomatic and functional improvement.
Orthobiologic treatment options for cartilage
damage are extensively discussed in a separate
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chapter in this book. In cases where a young athlete has an identifiable cartilage lesion or biomechanical issue that can be addressed to help
prevent the onset or progression of arthritis, surgery may be indicated.
As outlined above, a commonly encountered
issue in young basketball athletes is osteochondral injury, which is a precursor for early onset
osteoarthritis. Depending on the character of the
lesion, including size, involved bone, and player
demographics, multiple surgical options exist
ranging from microfracture to osteochondral
allografts and autografts, which may allow return
to high-level basketball in up to 80% of the cases
[35, 54, 55]. Although used less frequently today,
microfracture is a treatment option that allows for
early return to play, but players must be counseled on the potential long-term sequela including the early development of osteoarthritis
(Fig. 42.4a, b). In athletes with improper lower
limbalignment, particularly of the knee, osteotomy may be a solid option although ability to
return to basketball is less widely reported and is
comprised primarily of case series involving
amateur athletes [56]. In cases of severe isolated
single compartment osteoarthritis of the knee,
unicompartmental (Figs. 42.5a–d) or patellofemoral joint replacement may be considered.
Returning to high-level activity following a unicompartmental joint replacement is often disa

couraged due to concerns over polyethylene
wear, component loosening, potential for infection although there are reports of successful
return to play at amateur and recreational levels
with partial knee replacements [57, 58].
When a player is ready to retire, the treatment
algorithm will include more definitive surgical
options. While all of the more conservative measures outlined previously still apply, the retired
basketball athlete may consider total knee or total
hip arthroplasty as a definitive solution. A suggested treatment algorithm is outlined below
(Fig. 42.6).

42.8

Summary

While more commonly seen in the older population, osteoarthritis is an irreversible, painful condition that is common in active basketball players
and can negatively affect the performance of those
affected. Initially reported as nonspecific knee
pain, stiffness, and periodic swelling, the symptoms of early osteoarthritis are commonly attributed to the pains of basketball participation.
Through patient awareness, early recognition with
risk modification and initiation of nonsurgical
treatment, a player suffering with osteoarthritis
may be able to effectively manage their symptoms
while stemming the progression of osteoarthritis.
b

Fig. 42.4 Microfracture: (a) Chondral lesion debridement. (b) Penetration of subchondral bone
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a

b

c

d

Fig. 42.5 Postoperative anteroposterior, lateral radiographs, merchant views of patellofemoral arthroplasty, and unicompartmental arthroplasty

Athlete is diagnosed with OA
Is the athlete still competing?
Yes

No

Is a potentially modifiable biomechanical issue present?
Has the athlete exhasuted non-surgical treatments?
Yes

No
Yes

No

Continue non-surgical modalities
Has the patient failed non-surgical
management?

Continue non-surgical
modalities
Is the OA unicompartmental?

Yes
Consider surgical Correction

No
Yes

No

Consider unicompartmental or
patellofemoral arthroplasty

Consider total knee arthroplasty

Consider non-surgical modalities

Fig. 42.6 Treatment algorithm for osteoarthritis in basketball players
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43.1

 eneral Principles of Muscle
G
Injury

Muscle injury is one of the most serious problems in either professional or amateur sport. In
recent years, there has been a significant increase
in scientific studies to properly classify and
understand muscle injuries, yet there is still not a
universal consensus, especially in terms of prognosis of every muscle injury.
Chan et al. [1] and Mueller-Wohlfarth et al.
[2] classified muscle injuries based on severity.

This chapter is in memory of Dr. William (Bill) Garrett Jr.,
who passed away during the preparation of this chapter
and contributed tremendously over the years to the development of knowledge around muscle injuries and their
management and to sports medicine.

Recently, Pollock et al. [3] and Valle et al. [4]
introduced a novel, valuable concept: the intramuscular or peripheral connective tissue involvement, which was considered as one of the key
components when assessing muscle injuries.
In 2018, Balius et al. concluded that studying
the exact anatomic and topographical locations
of every injury could help physicians to make
more specific and precise diagnoses for muscle
injuries and facilitate a better understanding of
injury recurrence mechanism [5].
It is well known that muscle injuries often
occur in the myoconnective junction; however,
this knowledge is not enough to accurately evaluate injury severity and precisely estimate the
injury prognosis.
In reality, when a basketball player is injured,
the first step is to develop a plan of the return to
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play process. To be able to establish an appropriate return to play plan, a correct diagnosis is necessary. This approach implies not only knowing
the injured general muscle group or specific muscle area but also knowing how much connective
tissue is affected by that injury is important. For
instance, if there is a damage on both tendinous
and myotendinous components in the same muscle structure, likelihood of reinjury is higher
because of the coexisting condition and its aggregate effects [5].
Therefore, it is no coincidence that most of the
recent articles on muscle injuries have focused on
both the anatomical location and involvement of
connective tissue rather than on the severity/
degree of the injury to determine its prognosis
[6–9].
Thus, starting from this premise, this chapter
will address the key elements for the management of muscle injuries in basketball players.

43.2

 hat Is the Magnitude
W
of Muscle Injuries
in the Basketball?

Basketball has one of the highest rates of musculoskeletal injuries of all team sports. However,
epidemiological studies are generally lacking,
especially professional basketball players, mainly
because of methodological challenges in data
collection.
In 2018, Andreoli et al. performed an integrative systematic review of the epidemiology of
musculoskeletal injuries in basketball [10].
Initially, this research team selected a total of 268
articles. Of which, 11 were eligible for their integrative review. Among a total of 12,960 injuries,
most injuries occurred in the lower extremities
(63.7%), with 2832 (21.9%) at the ankle and
2305 (17.8%) at the knee joints, while injuries in
the upper extremities represented 12–14% of the
total injuries. Their conclusion was that
basketball-related musculoskeletal injuries were
the most prevalent in the lower extremities, with
the ankle and knee joints having the highest prev-

alence of injuries regardless of sex and various
playing categories [10].
In 2019, Rodas et al. published a descriptive
epidemiology study [11]. A total of 59 professional male basketball players were evaluated
over nine seasons (2007–2015). They analyzed
463 injuries, of which 207 resulted in time loss
and 256 required medical attention based on a
total exposure time of 42,678 h. Muscle strains
and ankle sprains accounted for 21.2% and 11.9%
of all injuries, respectively. The global incidence
rate was 10.8 injuries per 1000 player-hours
(95% CI, 9.9–11.9). The global injury burden
was 53.9 days lost due to injuries per 1000 h for
a total exposure time. The incidence rate of muscle strains (2.3; 95% CI, 1.9–2.8) was higher than
that of ankle sprains (1.3; 95% CI, 1–1.7). The
incidence rate for muscle injuries for the entire
study period was 1.8 times higher (95% CI, 1.28–
2.49) than that for ankle sprains.
In the same study, regarding the location of
muscle injuries, 90% were located in the lower
extremities,
with
distribution
including
gastrocnemius-
soleus
(21.7%),
quadriceps
(20.4%), hamstrings (18.5%), adductor-groin
(13.4%), and obliquus-abdominis (8.0%). The
same study analyzed the top 5 injured body parts
that led to time loss, which were hamstrings
(28.5%),
gastrocnemius-soleus
(26.7%),
adductor-
groin (14.2%), obliquus-abdominis
(12.5%), and quadriceps (8.9%). Rodas and the
research group discussed that a tight practice and
competition schedules may be a contributing factor for the high muscle injury rates.
In summary, considering the increasingly
intense schedule of professional basketball
competitions in Europe and the NBA, it seems
quite likely that muscle injuries are becoming
more prevalent and may cause significant
physical burdens in professional basketball
players. This must be taken into consideration
when injury prevention programs for both preseason and in-season are designed. Such programs can be beneficial for basketball players
to maintain long-lasting, competitive athletic
careers.
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petitive professional basketball players [18]. A
systematic review study performed by Green
et al. investigated risk factors of calf muscles
[19]. Although this study included athletes from
various sports such as Australian football, rugby
players, and triathlon athletes in addition to basIn the field of sports medicine, injury risk factors ketball players, calf muscles injury risk factors
are often determined by a comparison of certain were found, which indicated the presence of prevariables such as physical characteristics, muscu- vious calf injury history and older chronological
lar strength, and biomechanical propensities ages [19].
between injured and non-injured athletes [12–15].
To summarize the available evidence, docuReviewing various research search engines, there mented risk factors of muscle injuries in basketwas lack in studies that examined musculoskeletal ball players are: presence of previous injury
injuries as an outcome variable in basketball- history of the player, presence of injury history in
related studies. Instead, there were a few studies family members, and higher chronological ages
that focused on specific injury types and body [18, 19]. To synthesize the research findings in
areas in basketball players.
actual clinical settings, it is a reasonable assumpKhan et al. focused on stress injuries of male tion that basketball players who have a long
professional basketball players in the NBA. Their career are likely older and sustain more injuries
study concluded that stress-related injuries nega- than young basketball players who did not have
tively impact short- and long-term performance an opportunity to play. Therefore, exposures to
and career longevity in NBA players [16]. basketball participation may play an important
Another study investigated risk factors of profes- role. In addition to athletic exposures, risk factors
sional basketball players based on the status of may vary by sex (males, females), physical fitankle injury history (acute or recurrent ankle ness level (good, poor), general fatigue status
sprain) [17]. This study did not find specific risk (physical, emotional, mental status), and playing
factors of future musculoskeletal injuries but positions (center, guard, and forward). Therefore,
noted that positive test results in single leg bal- further studies are necessary to further investiance test was more prevalent in professional bas- gate specific risk factors based on the aforemenketball players with history or ankle sprain [17]. tioned variables in basketball players.
Pasanen et al. examined the risk factor of low
back pain in basketball players and identified that
presence of family history in musculoskeletal 43.4 Musculoskeletal Screening
disorders increases the risk of low back pain twoin Basketball
fold compared to basketball players who do not
have any history of musculoskeletal disorders As previously stated, the most common risk fac[18]. Additionally, the same study documented tors of musculoskeletal injuries were the presence
that older age was also identified as a risk factor of a previous injury, previous injury history of
for low back pain in basketball players [18].
family members, and higher chronological ages
As discussed in previous sections, muscle [18, 19]. It was well documented that competitive
injuries are highly prevalent in basketball play- soccer players who have a previous injury history
ers. Rodas et al. performed a 9-year prospective of the lower extremities have a greater likelihood
study and descriptively analyzed the type of inju- of sustaining another injury at the same body
ries among professional basketball players [18]. region [20–23]. For instance, soccer players who
Findings of this study suggested that muscle inju- suffered previous groin injuries showed 2.6–7.3
ries are more common than ankle sprains in com- times greater odds to sustain a future groin injury
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[20, 21]. Additionally, Hagglund et al. documented
that competitive soccer players who have a history
of quadriceps and calf injuries demonstrated 3.1
and 2.3 times higher risk of sustaining the future
injuries in the same body parts, respectively [23].
Furthermore, Hagglund et al. reported 3.5 greater
risk of 
hamstring injury in competitive soccer
players who had the previous hamstring injury history [22]. Although the sport type is different, the
effect of the presence of previous injury history
appeared to be substantial. Moreover, a few studies identified specific gene types such as COL5A1
that are associated with a traumatic knee injury
such as anterior cruciate ligament (ACL) tear [24–
27]. Those gene studies suggested predisposition
to certain musculoskeletal injuries within family
members due to the inheritance of certain genes.
Interestingly, one study highlighted that the familial effects on ACL tear are stronger in males compared to females [28]. In short, musculoskeletal
screening should include previous injury histories
in both the player and family members. Examining
previous injury history from both the player and
family member is likely beneficial to identify basketball players who are at-risk or prone to future
musculoskeletal injuries.
Another screening consideration for musculoskeletal injuries for basketball players is the utility of an innovative imaging modality such as
ultrasound. One study identified that hypoechoic
area, recorded by ultrasound examination, was
associated with increased risk of onset of patellar
tendinopathy [29]. Additionally, several other
studies found that hypoechoic area and micro-
calculi/calculi formation in patellar tendon were
indicators of future patellar tendon abnormalities
[30–32]. Moreover, one of the recent studies that
examined patellar tendon of asymptomatic competitive jumpers using ultrasound indicated that
29% of the jumpers including basketball players
who identified themselves “asymptomatic” has
hypoechoic area at their patellar tendons [33].
Basically, ultrasound examination can potentially
identify abnormal muscle tissue structures even
if athletes report neither pain nor any symptoms
at the time of examination.
In summary, identifying a history of previous
injury is likely an effective injury prevention

screening method. Research evidence suggested
that surveying a history of previous injury should
include both the player and family members.
Another consideration is to use ultrasound as a
screening tool. A few ultrasound-related studies
identified abnormal muscle tissues and tendon
structures, even in asymptomatic jumping athletes. If abnormal muscle and tendon changes are
detected by ultrasound prior to the onset of pain
and symptoms, it is possible to provide a preventive intervention before injury occur.

43.5

Diagnosis and Classification/
Imaging (US/MRI)

When an athlete is injured, especially with a
muscle injury, the main goal is to provide appropriate treatments based on accurate diagnosis so
that the athlete can return to optimal performance
dynamics as soon as possible, minimizing the
reinjury risk substantially. This cannot be
achieved if accurate diagnosis was not identified
in the early phase. An accurate diagnosis allows
the medical staff to understand the exact location
and severity of the injury.
Although some clinical studies suggested that
imaging tests, especially MRI, are not useful for
decision making regarding the return to play
process [34–36], medical professionals who
work with athletes closely consider imaging
tests as one of the essential components for both
the initial diagnosis and the injury prognosis
along with physical tests and field tests, particularly for muscle injuries. Furthermore, imaging
is crucial to confirm and assess the extent of
sports-related muscle injuries, which can help
guiding specific management strategies and
directly influences the prognosis. This is
extremely useful when the diagnosis or grade of
injury is not clear. Also, this approach is beneficial when recovery turns out to be longer than
initially expected, and when interventional or
surgical management are considered and required
to make further progress [37].
The most routinely used imaging tests in order
to diagnose muscle injuries are mainly ultrasound
and MRI. Although the ultrasound is a widely
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used imaging modality to assess muscle injuries
because of its accessibility and low cost compared
with MRI [38, 39] and, particularly, its dynamic
nature and capability to diagnose most injuries. In
order to monitor the injury and identify possible
complications, MRI can provide detailed information that is advantageous to determine the precise prognosis of muscle injury in athletes [5].
Usually, both modalities can aid in an adquate
diagnosis and monitoring the recovery process,
however ultrasound has a few advangates.
Conversely, ultrasound may sometimes have
“blind points” which can be better identified by
MRI (Fig. 43.1).
Ultrasound has a lot of other advantages. It is
readily available, inexpensive, and can be easily
used repeatedly, which allows us to monitor the
images and progress over time. It can also be
used to make ultrasound-guided interventions
such as intra-articular and extra-articular injections and hematoma evacuations when required.
Also, ultrasound provides dynamic exploration
capacity (Fig. 43.2).
MRI is considered the gold standard imaging
modality to assess the morphology of muscles in
athletes. This is due to its capability to visualize
soft tissues with excellent contrast and provides
high spatial resolution and multiplanar assessment. This is particularly important in cases clinically severe traumatic injuries are suspected. MRI

a

Fig. 43.1 Image of a soleus lateral aponeurosis rupture.
(a) Axial T2 FS MRI image showing a subacute rupture of
the lateral aponeurosis of the soleus muscle (red arrow)
with surrounding edema (blue arrow). (b) Transversal
ultrasound view of the same injury. The rupture (red
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is probably the best imaging technology to confirm and evaluate the extent, severity, and location
of muscle injuries. Furthermore, MRI is better
than US for the assessment of muscle injuries in
deep muscle compartments [37, 40, 41] (Fig. 43.3).
Muscle injuries in the same macroscopic or
topographical location with the same treatment
protocol could evolve differently based on the type
of specific microscopic or connective tissue
involvement. Thus, the amount of involvement of
the connective tissue plays an important role in
both prognosis and reinjury. Therefore, studying
the exact location of the injury will help physicians
to make specific and precise diagnoses for muscle
injuries, which further allows physicians to have a
better understanding of some reinjury patterns [5].
This framework is quite theoretical, however
the example presented in Fig. 43.4, it can be seen
as an example of the highlights the precision
often necessary to be able to establish a correct
prognosis for muscle injuries. Fig. 43.4 depicts
the different evolution of apparently very similar
injuries. The prognosis is very different for an
injury that has both muscle tendon involvement
and a rupture with retraction of a free tendon
(Fig. 43.4a) compared to an injury that is only
myofascial without any involvement of the tendon (Fig. 43.4b) or an injury that has a myotendinous component and a complete transverse
rupture of the tendon (Fig. 43.4c). This level

b

arrow) is much more difficult to identify with the ultrasound, and it is also difficult to assess the evolution of the
scar tissue. The edema (blue arrow) can be assessed
perfectly
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a

b

Fig. 43.2 (a) Severe injury of the common tendon of the
hamstrings. Transverse ultrasound of the left posterior thigh shows hypoechoic disruption (arrows) with
hematoma (arrowheads) in the common tendon. (b) Small
injury of the common tendon of the hamstrings. Although

a

b

it appears small, it is classified as a severe injury due to the
involvement of the common tendon. Transverse ultrasound of the left posterior thigh clearly shows longitudinal split of the common tendon (arrowheads)

c

Fig. 43.3 MRI of a subacute and multiple reinjured myotendinous junction (MTJ) of the medial head of the gastrocnemius. Marked thickening and signal intensity
changes of the aponeurosis of the distal MTJ of the medial
head gastrocnemius (arrows) with partial discontinuity,

soft scar tissue regions, and muscle edema (arrowheads)
are noticeable. (a) Axial DP FatSat MRI sequence. (b)
Sagittal DP FatSat sequence. (c) Coronal DP FatSat
sequence

of precision (especially as in Fig. 43.4c) is only
available with MRI.
Although the physical examination still plays
a key role in any patient assessment, imaging
modalities such as MRI and ultrasound play an
integral role for providing an accurate diagnosis

and
following-up
healing
progression.
Furthermore, accurate decisions in the return to
play process such as return to training (individually and with the team) and competition and possible risks of reinjury may be better estimated
based on appropriate imaging.
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a

b

Fig. 43.4 Three different injuries affecting the proximal
region of the hamstrings muscle complex with completely
different prognosis. All images are coronal T2 FatSat
sequences. (a) Complete rupture of the proximal semimembranosus tendon (arrow) with moderate retraction.
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c

(b) Intramuscular rupture with mild myofascial fluid
(arrowheads) with an intact common tendon. (c)
Myotendinous rupture of the common hamstrings tendon
(arrowheads) with two foci of complete transversal rupture of the common tendon itself (arrows)

sary, several new emerging rehabilitation
technologies such as extracorporeal shockwave
therapy (ESWT), shock waves, and hyperbaric
oxygen therapy (HBOT) have been recently
introduced. At this point, there are no clinical
investigations addressing the effects of any of
these clinical modalities [44]. The clinical utility
of these emerging clinical modalities need to be
A series of experimental studies suggested that tested in the near future. Additionally, there is a
early, active mobilization after a short period growing interest in sports medicine and athletic
of immobilization/rest (duration: inflammatory communities in “regenerative medicine” using
period of healing) is an ideal form of therapy for endogenous growth factors or stem cells therainjured muscles. Athletes are encouraged to start pies delivered directly into the injury site to facilactive rehabilitation immediately after the inflam- itate optimum healing following injury.
matory period (3–5 days). Safe and effective
The most popular use of regenerative products
treatment protocols were developed and scientifi- is injection of platelet-rich plasma (PRP). It is
cally tested and showed positive effects without rationalized that platelets release various growth
increased risk of reinjury for certain muscle factors upon activation which are supposed to
groups such as hamstrings, calf, and quadriceps provide regenerative effects. Our current scienmuscles [42–44].
tific knowledge about PRP remains at a basic
A few medications such as non-steroidal anti- level, and there are many unanswered questions
inflammatory drugs (NSAIDs), corticosteroids, regarding its use in various types of muscle injuand losartan were proposed to take an assistive ries. Currently, there is not a known “optimal”
role to enhance the healing process in rehabilita- PRP content, nor is there a generally accepted
tion protocols. Although more evidence is neces- protocol for PRP use regarding volume, number,
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and timing of injections. It is unknown whether
these factors could influence clinical outcomes as
it has never been examined or compared. This
requires further investigation in high-quality clinical trials [45].
In addition to the emerging use of PRP in the
management of muscle injuries, there is a growing interest for the use of stem cells in muscle
injuries. In the use of the stem cells on muscle
injuries, diverse types of cells were discussed
including muscle-derived stem cells (MDSCs—
not to be confused with satellite cells), bone-
marrow-derived mesenchymal cells (MSCs), or
adipose-tissue-derived stem cells (ADSCs). The
proposed mechanism of stem cells is twofold:
firstly, administrating stem cells can differentiate
into a large portion of cells and facilitate replacing lost or injured tissues. Secondly, mesenchymal cells produce a vast number of growth factors
that could augment tissue regeneration. In addition, it is known that MSCs have an immunoregulatory effect (suppression of chronic, detrimental
inflammation) on their tissue environment.
However, whether or not this interesting therapeutic approach could play a beneficial role in the
treatment of (acute) muscle injuries has not
been extensively studied so far. Most available literature focused on degenerative disorders such as
muscular dystrophies. Despite promising results
found in patients with muscle dystrophies, we
currently do not advocate its use for (acute) skeletal muscle injuries because its long-term outcomes including efficacy and safety for athletes
have not been determined yet. The use of orthobiologics and regenerative medicine for muscle
and tendon injuries in basketball are extensively
discussed in seperate chapters in this book.
Operation is seldom considered as a first
choice of the treatment in muscle injuries. For
instance, the phrase “muscle injuries can be
healed without intervention” are commonly used
as a guiding principle [46]. However, there are
exceptions. Certain muscle injuries with highly
specific indications may benefit from surgical
intervention, even though research evidence is
currently limited. Those clinical indications
include a complete (grade III) rupture of a muscle
with few or no agonist muscles, a tear (grade II)

if more than half of the muscle is torn, or a large
intramuscular hematoma.
Currently, new indications for surgical intervention were proposed. For instance, it has been
suggested that surgery should be performed
immediately after the injury occurs [47].
Additionally, it was theorized that surgery may
also be necessary if a series of conservative treatments fail to achieve a satisfactory result. For
example, if the player has chronic symptoms or
recurrent injuries. Further clinical attention is
recommended for the following two muscle
groups: hamstrings and quadriceps. For hamstrings, early hamstring surgery was suggested
following avulsion of two or three proximal tendons from the ischial tuberosity. Furthermore,
a complete tendon rupture of the hamstrings
proximal common/central tendon is another indication, especially in professional athletes. In
quadriceps injuries, the indications for surgery
are not well established; however, chronic pain
and functional disability that last for more than a
few months after a complete or partial tear is one
of the potential indications. Also, surgery might
be considered in complete proximal avulsions
with significant retraction or complete tears in
which there is a significant gap between the tendon junctures of the injured muscles [44].

43.7

A Multidisciplinary
and Algorithmic Approach
to Muscle Injuries
Rehabilitation

Determining the type of rehabilitation program
that most effectively promotes muscle tissue
repair and functional recovery is essential to minimize the risk of reinjuries as well as to enhance
the quality of return to play, and, consequently,
optimal performance [43].
Generally, rehabilitation of muscle injuries is
usually presented as a general protocol. During
the rehabilitative process, certain risk factors for
future musculoskeletal injuries need to be considered in accordance with the biology of the
muscle injury and healing process. Currently,
rehabilitation protocols for soccer or basketball

43 Management of Muscle Injuries in Basketball

539

players do not seem to place a substantial emphasis on the programming and sequencing of training loads or on performance-related factors
during and following rehabilitation (e.g., ankle
stiffness and horizontal forces). However, those
aspects, sport-specific functional rehabilitation,
should not be underestimated since it is necessary to optimize injured athletes’ return to play
based on their unique sports demands.
To support this notion, Mendiguchia et al.
introduced valuable evidence [43]; Their study
published in 2017 showed that male football
players who underwent an individualized, multifactorial, criteria-based algorithm and rehabilitated with a performance- and primary risk
factor-oriented training program from the early
stages of the rehabilitation process markedly
reduced the risk of reinjury compared to a general protocol, which is based on a traditional
strength-based training.
The individualized, multifactorial approach
Mendiguchia et al. described, included a comprehensive evaluation of health status, participation
risk as well as factors involved in the decision

modification. This approach provided clinicians
with an evidence-based rationale for RTP
decision-making. Furthermore, these risk factors
should be considered along with the course of the
RTP continuum.
Making an accurate diagnosis is the cornerstone of effective injury management and realistic RTP planning. An accurate diagnosis
facilitates a precise estimation of the injury
prognosis, and in turn decision-making regarding injury management. Imaging may be used
judiciously at this point, and if there is a significant clinical finding in the imaging studies, the
course of RTP plans may need to be potentially
altered. At FC Barcelona, we work backwards,
meaning that we calculate the anticipated time
to return to full match play from the targeted
date. Understanding biology will help developing productive rehabilitation directions optimizing injury prognosis, and planning a strategy
for appropriate loading through the return to
play continuum [44]. A general suggested model from FC Barcelona is shown in
Fig. 43.5.

Imaging criteria for phase advance

MRI control
PROXIMAL MTJ
LONG HEAD BF
INJURY

WEEK

MRI control

1

2

3

Ice &
Compression

Compression only

Crutches?

Walking is allowed

Pain-free
walking?
is it possible to do an active
mobilization?
DO AS SOON AS POSSIBLE
The most adverse effect of a
long immobilization is the
excessive scar formation
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Not increase size
of edema nor
connective gap

Not increase size
of edema nor
connective gap

Not increase size
of edema nor
connective gap

5

4

6
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(plays 45 min.)

7

Stationary bicycle & elastic bands
Walking (Alter G)
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to run?
NON IMPACT
CONDITIONS

Running (Alter G)
Running (dry sand)
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(dry sand)
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- Proximal MTJ long head biceps femoris injury.
- RTP estimated time: 7 weeks.
- RTP longer than most of other injuries.
- High risk of reinjury.
- MRI control frequent to help us to decide phase advance.

Football circuits
(natural grass)

Able to do football
specific exercices?

Partial
team

100%
team

Progressive introduction
with the team

GPS monitoring training searching the player
individual profile & Daily wellness test

Fig. 43.5 An overview of RTP from a hamstring muscle injury at FC Barcelona, adapted to Basketball players
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At FC Barcelona, a five-stage approach to the
management of muscle injuries is currently used.
Stepwise progression of loading will facilitate
effective tissue healings while restoring functional capacity. During the acute phase of management, the clinical focus is to limit the extent
of the initial injury and to provide a strong tissue
healing foundation in the rehabilitation process.
Starting with ice and compression to reduce pain
and prevent further damages to the injured and
surrounding tissues are key goals during this
phase. During the subacute phase, active joint
mobilization will facilitate enhancing movement
capability and promoting further tissue healing.
In addition to focusing on the injured body
parts, the non-injured body parts such as the upper
quadrant in case of a lower extremity injury, lumbopelvic stabilization exercises, and other body
parts such as the hip musculatures should be
focused on. This approach helps minimizing
atrophy of other body parts and assists maintaining an overall fitness level.
Also, it is advised that aerobic conditioning is
maintained. This can be achieved using elliptical
trainers, stationary cycles, aqua jogging, and
AlterG treadmill. If the athlete can tolerate, it is
ideal to implement aerobic conditioning workouts before progressing to walking and/or running on a treadmill.
Muscle activation with controlled manner can
be useful in the early stages. Starting with manual
resistance exercises is recommended because the
manual resistance exercise can deliver mechanical
stimulus to the affected area without overloading
the structures. More complex exercises can be performed as a next step of progression as long as
they are tolerable for athletes and do not reproduce
pain or discomfort. Tissue activation progression
should gradually include training contents from
isometric to concentric exercises. Exercises with
eccentric contractions are usually implemented in
the final stage of the progression.
Once a full range of motion was achieved with
adequate muscle recruitments, it is important to
progress to a gym-based training. In this phase,
the main aim is to regain full muscle function,
which means regaining full voluntary muscle
contraction of the injured muscle throughout a
full range of motion.
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Also, as early as tolerated, the player should
begin a running progression with careful control
of volume, intensity, and mechanics. An important aspect of the running progression is to
ensure that the loading is progressively and carefully increased. The running could preferably be
performed on soft surface. At FC Barcelona,
running in the early stages is commenced on dry
sand since the metabolic demand is higher on
dry sand than on hard surface. Additionally,
mechanical impact is lower on soft surfaces
compared with that on hard surface; thus, it is an
ideal platform for athletes to rehabilitate and
transition to linear running on the field. During
the running progression, sport-specific drills can
be initiated. It is important to begin the sportspecific drills from slow speed. Then, speed,
duration, and level of sport-specific drills can be
progressed gradually based on the athlete’s tolerance level.
Later, the rehabilitative emphasis needs to be
placed on incorporating the ball and skill-related
functions in every session (or at least as many
sessions as possible). One of the practical strategies is to integrate unanticipated movements with
speed and timing, simulating actual practice and
competition modes. Furthermore, advanced skills
and cognitive challenges need to be introduced.
Once athlete begins demonstrating enough running, skills, and sport-specific functions, the athlete can transition to the RTP process from
rehabilitative phase.
The primary goal during the RTP process is to
ensure the player can return safely to targeted
activities while minimizing reinjury risk with a
‘position specific’ focus as the RTP continuum
progresses.
Finally, when the player steps on the court
again, it is necessary to plan and clarify which
training sessions he/she can perform with the
team. This decision needs to be updated daily and
mutually agreed by the medical and performance
staff, as well as the coaches, analyzing the external loads (i.e through GPS) and the internal loads
of the player in addition to psychological aspects.
By monitoring, analyzing and integrating these
factors together, the medical staff can decide
when the player is ready to return to full training
and match play.
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 ow to Manage Return
H
to Play for Muscle Injuries a Dynamic Model; Return
to Play for Specific and more
Common Muscle Injuries
in Basketball

In 2010, Creighton et al. [48] proposed a return to
play (RTP) decision-making model. This model
helped clarifying the precise processes of RTP
for clinicians. Also, providing such a structured
model facilitated reducing controversy related to
RTP timing, procedure, and operations, which
further optimized filling an important gap
between clinical practices and research
evidence.
In 2015, Shrier et al. [49] introduced the
Strategic Assessment of Risk and Risk Tolerance
framework. In this framework, it was commonly
agreed that any RTP decision-making process
should include a balance between an assessment
of injury recurrence (reinjury risk) and the
acceptable risk tolerance threshold.
In 2017, van der Horst [50] published an article with a consensus statement based on a panel
of 58 international soccer experts and defined
RTP terminology, definition, medical criteria,
responsibilities, and consultation guidelines for
RTP following hamstrings injuries in football.
The contents mainly regarded a RTP model for
hamstrings injuries in soccer. It is unsure that the
same approach is applicable for basketball; however, this model is used by FC Barcelona basketball club due to several philosophical overlaps.
RTP decision should always be a multidisciplinary process. For RTP readiness assessment of
the player after a hamstrings injury, emphasis is
placed on pain relief, flexibility assessment, psychological readiness, and functional performance. In certain aspects, RTP scientific evidence
was limited until recently. For instance, how
imaging modalities such as MRI play a role was
notably understudied. However, this RTP model
appeared to be a good fit for our clinical practice in FC Barcelona basketball club.
In 2018, a new concept has emerged with
the introduction of the FC Barcelona Muscle
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injury Guide book [44]. In the core of the concept, following a muscle injury (or any injury for
that matter), two main objectives (and at the same
time, two challenges) were defined: (1) to return
the player to match play as soon as possible and
(2) to avoid injury recurrence (reinjury). There is
a fine balance between the two main goals, which
are complex. Furthermore, the goals depend on
the context of each individual player, injury
severity, and other circumstances including
the timing in the season, the player’s role in the
team, and expectations from the coaching staff.
However, there is a paradigm shift occurring in
the way we envision RTP. Instead of a simple
concept of “just return to play” in a manner that
defines the highly anticipated event occurring at
the end of the rehabilitation program, we now
consider the “return to play” process starts the
moment the injury occurs and continues beyond
the point where the player is making his or her
return to unrestricted match play with optimal
performance (Fig. 43.6). This type of progression
is malleable and needs to be individualized,
meaning that there is a variation of faster and
slower progressions throughout this RTP continuum according to each players needs and limitations [44].
The FC Barcelona Muscle Injury Guide [44]
proposed the following approach: The foundation for any RTP estimation begins with an accurate diagnosis. However, it is also essential to
treat each player in an individualized course of
RTP and consider their intrinsic, extrinsic, and
sport-specific factors (regardless of soccer or basketball). We suggest that practitioners should
continuously re-evaluate the initial RTP goals
throughout the rehabilitation process, depending
on how quickly the player progresses along each
milestone defined in the RTP continuum. Key
indicators of whether or not the player is on-
target to meet the anticipated RTP date include
regaining baseline strength and flexibility measures, completing high-intensity training sessions
comparable to (or even greater than) their
anticipated match demands, and demonstrating
an appropriate level of basketball-specific cognitive skills and psychological readiness.
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Fig. 43.6 Modified RTP model in football, Arden & Pruna in FCB Muscle Injury Guide, 2018

43.9

 Model for Muscle Injuries
A
Prevention in Basketball/
Barriers and Facilitators
to Delivering Injury
Prevention Strategies

As previously described in Sect. 8, the concept of
“return to play” has been evolving over the years.
Simply, returning to sporting activities at the end
of the rehabilitation process should not be a goal
for clinicians. As discussed in Sect. 3, presence
of previous injury history is an influential factor
for future musculoskeletal injury. Therefore,
rehabilitating athletes from the original injury
and simultaneously preventing them from sustaining additional future injuries should be a new,
ideal goal for clinicians. As illustrated in
Fig. 43.6, return to field/court should be a first
step in the “return to optimal performance” phase.
The return to field/court, should be individualized based on injury severity, anatomic involvement, previous injury histories, and other factors
discussed in Sect. 8 (intrinsic, extrinsic, and
sports-specific factors). Following the return to
field/court, return to practice (partially and full),
return to match (partially and full), and return to
optimal performance (Fig. 43.6) should be subsequent steps. Clinicians including physiotherapists/athletic trainers, fitness coaches/strength
and conditioning specialists, and orthopedic/pri-

mary care sports medicine physicians should
focus on how to maintain the optimal performance level in extended duration during a season. In order to optimize the level of performance
for a long time in athletes who are on the way to
return to sports following injury, injured anatomic regions should be evaluated periodically.
Greater risk of injury recurrence (reinjury) at the
same anatomic region is well documented [20–
23]. Thus, regular examination of the injured
anatomic area using imaging modalities such as
ultrasound could be beneficial.
This concept of preventing athletes from additional future injuries needs to be emphasized
and shared not only with health-care practitioners, but also with the coaching staff. As it was
pointed out in Sect. 3, athletic exposures may
play a role in the increased likelihood of musculoskeletal injuries in conjunction with the presence of a previous injury history and older
chronological age. Tight practice and match
schedules were discussed as a potential underlying mechanism for increased muscle injuries
documented in a recent study [18]. Tight practice
and match schedules, were often physically and
mentally demanding for athletes who are on the
way of this continuum of recovery during the
RTP process. It is important for the coaching staff
to understand that it is not ideal for athletes to
skip a step in the continuum of recovery because
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Fig. 43.7 An integrative model for injury prevention for athletes who are engaged in the continuum of return to play
following injury

muscle and tendon tissues require appropriate
steps in order to heal properly. Athletes need to
go through each step of the return to play model
(Fig. 43.6). Skipping a step [return to practice
(partially and full), return to match (partially and
full), and return to optimal performance
(Fig. 43.6)] may lead to setbacks such as injury
recurrence (reinjury). Health-care practitioners
need to take the role of the facilitator of this prevention initiative through positive communications with the coaching staff. A lack of
communication between health-care practitioners and the coaching staff may possibly lead to
misunderstanding and potentially negative consequences for the athlete. Also, in addition to the
health-care practitioners and coaching staff, players needs to understand their own higher susceptibility to additional musculoskeletal injuries.
Having this awareness likely helps taking reasonable recovery steps to reach optimal performance
level (Fig. 43.7). In a circle of well-communicated
plans and shared goals, injured players should be
able to reach and maintain a high level of performance throughout a season.

Take Home Messages Traditionally, ankle
injury has been recognized as the most common pathology in basketball; however, emerging evidence suggests that muscle injuries
may be more frequent than ankle injuries.
• Hamstrings and calf are the most common
sites for muscle injuries in professional basketball players.
• Muscle injuries require sufficient healing time
to promote appropriate recovery and reduced
injury recurrence (reinjury).
• Return to play timelines should be realistic,
but should not be either too aggressive or
too conservative in their approach.
• Following a rehabilitation program, safe return to
play and process of return to optimal performance
should be prioritized as ultimate goals instead of
competitive schedules and team demands.
• Every injury is unique; therefore, return to
play programs should be individualized.
• Basketball players can sometimes play with
injuries in comparison to soccer players due to
specific positions, demands, and situations
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during the game; however, risk of injury recurrence (reinjury) should be considered.
• In this context, more research is needed in
professional basketball to optimize medical
care and management of injuries.

13.

14.
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44.1

Introduction

Originally termed “march fractures,” stress fractures were first described by Breithaupt in 1855.
The invention of radiography 40 years later led
to the description of specific radiographic fracture characteristics [1, 2]. The first known diagnosis of a stress fracture in an athlete occurred
in 1934, with the diagnosis of a femoral shaft
stress fracture [2]. In 1956, Devas provided the
first major publication on stress fractures in athletes, reporting the incidence of fibular stress
fractures [1, 2].
Stress fractures are more common in athletes because of the repetitive stress and high
physical demands they often endure within
their specific sport. It is estimated that the general incidence of stress fractures in athletes is
1%; however, in some sports such as cross
country and long distance running, the incidence may be as high as 15% [3]. Basketball
players are particularly prone to lower-extremity stress fractures because of their repetitive
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high-impact jumping and sprinting. Among
NBA players from 2005 to 2015, an average of
6 (±2.6) stress-related injuries occurred annually [3]. The most common stress injuries
involved the foot (55%) with 18.4% of stress
injuries occurring at the fifth metatarsal [3]
(Fig. 44.1).
In general, stress fractures are described as
fatigue injuries caused by repeated submaximal stress [2]. Instead of one event delivering
enough force to break the bone, a repetitive
application of submaximal forces leads to bone
insufficiently and eventual fracture [1, 2].
Stress fractures initially present with pain only
during exercise or activity but can progress to
pain at rest. The patient’s history often reveals
a recent increase in either training volume or
intensity.
The treatment for most stress fractures is relatively straightforward and involves nonoperative
management with a period of rest and activity
modification, optimizing nutrition, Vit D levels
and calcium intake. However, in athletes, some
stress fractures such as displaced femoral necks,
tibial shafts, and fifth metatarsals require operative management due to a higher nonunion rate.
Among NBA players between 2005 and 2015,
38.2% of stress fractures were managed surgically with 100% (14/14) of fifth metatarsal fractures treated surgically [3].
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Fig. 44.1 The number and type of stress injuries in the extremity stress injuries in professional basketball playNBA between 2005 and 2015. From: Khan et al. ers. Sports Health 2017; 10(2):169–174 (16)
Epidemiology and impact on performance of lower-

Fact Box 1: Stress Fractures in Athletes [2–4]

• Overall 2–15% incidence in athletes.
• 13–15% incidence in running athletes.
• Foot stress fractures have the highest
incidence among NBA players.
• 38% of NBA stress fractures managed
surgically.
• Higher incidence in Caucasian athletes.
• Higher incidence among females (10×).
• Higher incidence in female athletes
(3.5×) than male athletes.

44.2

Pathophysiology
and Etiology

44.2.1 Pathophysiology
Stress fractures are thought to occur by one of the
two mechanisms. In healthy metabolic bone,
stress fractures can occur from repetitive physiological overloading of the involved bone [1, 5].
The repetitive submaximal forces initially cause
elastic deformation to the bone, which progresses
to plastic deformity and eventually microfrac-

tures [1]. Without sufficient time for the bone to
undergo remodeling and repair before the next
insult, the microdamage accumulates, predisposing the bone to a complete fracture [1, 5].
Although a single load is insufficient to cause an
acute fracture, the constant and repetitive overloading without time for repair causes this
chronic injury. This situation most likely occurs
in athletes and military recruits [1, 5].
The other mechanism of stress fractures is
associated with the female athlete triad or metabolic bone disease. In this case, you may have
normal forces and strain but decreased bone
remodeling, thereby predisposing the bone to a
stress injury [5].

44.2.2 Risk Factors
Although stress fractures result from repetitive
loading, the exact contribution of training factors
(e.g., volume, intensity, equipment, and surface)
has not been clearly established. Factors such
as menstrual disturbances, caloric restriction,
decreased bone density, muscle weakness, and
leg-length differences are well-known risk factors for stress fractures [6].
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Myburgh et al. reported that stress fractures
occurred more commonly in athletes who had
decreased bone density, lower dietary calcium
intake, current menstrual irregularity, and less oral
contraceptive use when compared to matched controls with similar training volumes and intensity [7].
Nattiv and Armsey et al. found that genetics,
female sex, white ethnicity, low body weight,
lack of weight-bearing exercise, amenorrhea, oligomenorrhea, and low calcium and caloric intake
were additional risk factors for stress fractures
[8]. A decreased testosterone level in male endurance athletes has also been implicated as a risk
factor for stress fractures. Athletes found to have
low bone mass, and hormonal disturbances may
require endocrinologic management [8].
Schnackenburg et al. performed a matched
control study on 19 female athletes with tibial
stress fractures and demonstrated that stress fracture patients had lower tibial cross-sectional
areas and lower trabecular bone mineral densities. They suggested that impaired bone quality
of the posterior cortex and decreased muscle
strength were associated with stress fractures in
female athletes [9].
Giladi et al. identified two anatomic risk factors for tibial stress fractures in military
recruits. Recruits with stress fractures had a
significantly narrower tibia and increased external rotation of the hip. These two variables
were independent and cumulative, and when
both risk factors were present, the stress-fracture morbidity was 45% [10].

44.2.3 Incidence
The most common stress fractures in basketball
players are those of the lower extremity and
include injuries to the foot, the ankle or fibula, the
tibia, and the knee/patella [3]. Khan et al. reviewed
stress fractures in the NBA from 2005 to 2015 and
found that 55% of those involved the foot, 21%
involved the ankle or fibula, 17.1% involved the
tibia, and 6.6% involved either the patella or knee.
The majority of these stress injuries occurred during the regular season, especially within the first
6 weeks [3]. In the national collegiate athletic
association (NCAA), an overall incidence of
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10.7% was reported in male basketball players
and 16.3% in females between 2004 and 2014,
with metatarsal stress fractures being the most
common (59% of all fractures in males; 46% in
females) [11]. Out of these fractures, 19.4% were
recurrent in male players, while 20.9% were
recurrent in female players [11].

Fact Box 2

• Stress fractures most commonly occur
during the regular season with 50%
occurring in the first 6 weeks.
• The most common location among basketball players is the foot.

44.2.4 Imaging Studies
Plain radiographs are often the first imaging
choice because of the ease of access and low cost
[1]. However, stress fractures may not show up
on radiographs for the first 2–4 weeks after injury.
The first radiographic finding may be a localized
periosteal reaction or an endosteal cortical thickening and sclerosis [1, 12].
Fact Box 3: Radiographs and Stress
Fractures

• 28% have a positive X-ray finding on
the first imaging study
• A periosteal cortical shaft reaction may
be found at around 2–3 weeks from pain
onset.
• Only 50% of radiographs are positive at
12 weeks.
• 6% never have a positive X-ray.

Historically, triple-phase scintigraphy (technetium-99 m) was the image modality of choice
as it could show fracture-associated changes 3–5
days after symptoms initiation [1].
However, magnetic resonance imaging (MRI)
is now considered the gold standard for diagnosis,
as it is the most sensitive and specific image study
available for stress fractures [1, 13]. MRI provides
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information regarding bone integrity and fracture
orientation, and it can demonstrate focal tissue
damage and edema early in the process [12].
Wright et al. carried out a systematic review
assessing the diagnostic accuracy of imaging
modalities used to diagnose lower-extremity stress
fractures, as presented in Fact Box 4 [13].

Fact Box 4: Reported Sensitivities and
Specificities (with 95% Confidence Interval) of
Imaging Modalities for Stress Fractures [13]

• Conventional radiography—Sensitivity,
12% (0–29%) to 56% (39–72%); specificity, 88% (55–100%) to 96% (87–100%).
• Bone scan/nuclear scintigraphy—
Sensitivity, 50% (23–77%) to 97%
(90–100%); specificity, 33% (12–53%)
to 98% (93–100%).
• MRI—Sensitivity, 68% (45–90%) to
99% (95–100%); specificity, 4%
(0–11%) to 97% (88–100%).
• CT—Sensitivity, 32% (8–57%) to 38%
(16–59%); specificity, 88% (55–100%)
to 98% (91–100%).
• Ultrasonography—Sensitivity,
43%
(26–61%) to 99% (95–100%); specificity, 13% (0–45%) to 79% (61–96%).

44.3

Grading for Stress Fractures

Several grading systems for stress fractures based
on MRI or scintigraphic findings have been
developed to help correlate image findings with
fracture severity (Table 44.1) [2, 14].

44.4

 ower Extremity Stress
L
Fractures

44.4.1 Tibial Stress Fractures
Tibial stress fractures in athletes occur in three
areas of the tibia; the anterior cortex, the tibial
plateau, and the posteromedial cortex. Although
stress fractures in the anterior cortex are the least

Table 44.1 Radiologic grading of stress fractures [2, 14]
Radiographic
Grade finding
1
Normal

2

Normal

3

Discrete line

4

Fracture or
periosteal
reaction

Bone scan
finding
Poorly
defined area

MRI finding
Increased
activity on
STIR image
More intense Poor definition
on STIR and
T2-weighted
images
Sharp area of No focal or
uptake
fusiform
cortical break
on T1- and
T2-weighted
images
More intense, Fracture line on
T1- and
localized,
transcortical T2-weighted
images
uptake

common among athletes, they have a higher incidence in jumping and leaping sports like basketball [2, 15]. Anterior-cortex tibial stress fractures
can be problematic as they have been reported to
have the highest risk for nonunion [15]. Tibial
stress fractures are typically transverse in nature
although longitudinal fractures may rarely occur
and have a higher nonunion rate [2].

44.4.2 Presentation and Physical
Evaluation
Typically, athletes will complain of leg pain after
a period of activity without any history of clear
trauma. Initially, pain will increase with prolongation of activity and decrease with rest. However,
as the fracture progresses, symptoms may occur
even at rest and at night [2, 15].
Tibial stress fractures can be hard to clinically distinguish from tibial periostitis, medial
tibial stress syndrome (MTSS), or “shin splints”;
however, pain persisting after activity or with
daily ambulation is a key feature to differentiate
them [4].
Physical exam findings include localized tibial tenderness and pain with direct palpation or
percussion [4]. Percussion away from the fracture sight may also cause discomfort. A few specific physical exam maneuvers have been
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described. The hop test, where the patient performs a repeated single leg hop × 10, can reproduce the pain. Additionally, the fulcrum test,
where a bending moment is placed on the tibia
either by the physician’s arm, knee, or exam
table, will produce severe pain in patients with a
tibial stress fracture [15].

Fact Box 5: Differentiating Between MTSS
and Tibial Stress Fracture

• The hop test cold aid in differentiating
between MTSS and tibial stress fractures as MTSS are usually able to complete the test while patients with a tibial
stress fracture rarely could.
• Most athletes report a crescendo-type
pain with stress fractures as the pain
increases through individual workouts
and from one workout to the next. Shin
splint pain tends to be present at the start
of activity in those athletes who are
symptomatic.
• Physical examination of an athlete
with shin splints should reveal tenderness to palpation over a wide region of
the tibia and the tibialis muscle,
whereas the pain from stress fractures
tends to be localized to a specific area
on the tibia.

44.4.3 Imaging
Initial imaging should include anteroposterior (AP),
lateral, and oblique plain radiographs of the tibia
although these are often normal and have a relatively
low sensitivity (10–50%) for stress fractures.
Positive findings include thickening of the cortex,
pretibial swelling, and a visible fracture line or a
“dreaded black line” (Fig. 44.2). If initial radiographs are negative, the recommendation is to repeat
the imaging in 2 weeks if symptoms persist [15].
MRI findings include early increased signal in
the endosteum on T2-weighted sequences and a
possible visible fracture line. MRI may also help
rule out any other pathology [4, 16].
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44.4.4 Treatment
The majority of tibial stress fractures, especially
those involving the posteromedial cortex, can be
treated successfully with nonoperative management. Treatment includes a period of rest followed by a gradual return to low impact exercises
and then high-impact activity [4, 15, 17]. Other
strategies such as pneumatic bracing, low-
intensity pulsed ultrasound (LIPUS), and extracorpeal shockwave therapy (ECST) have
demonstrated increased healing and time to union
in several studies [15].
Surgical management is reserved for highrisk fractures such as those involving the anterior
cortex that have a greater risk of non-union or
delayed union [15, 17]. Anterior-cortex stress
fractures of the tibia are considered high risk
because of the tensile forces across the anterior
aspect of the tibia [16]. Additionally, in athletes,
surgical management might allow a faster return
to play. Several surgical techniques exist including intramedullary nailing and tension band plating. Intramedullary nailing is commonly used
and has demonstrated promising results in the
literature [18] (Fig. 44.3). The major downside
of this technique is the high incidence of anterior
knee pain following the procedure. To ovoid the
sequela of anterior knee pain, a 2.7-mm or 3.5-
mm plate applied on the anterior cortex in compression mode can be used. One study
demonstrated 100% union in 13 tibial stress
fractures at an average of 9.6 weeks treated with
tension band plating [19]. The downside of this
technique is hardware irritation as these often
need for a second surgery to remove the hardware [15].

44.4.5 Return to Play
Tibial stress fractures of the posteromedial cortex
treated nonoperatively tend to heal within
4–8 weeks with an average time to return to sport
of 8–12 weeks [20]. Higher risk anterior-cortex
fractures may take up to 12 months for return to
play [2]. As mentioned above, operative treatment of these fractures can expedite return to
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Fig. 44.2 AP and lateral radiographs of the tibia demonstrating a mid-shaft anterior-cortex stress fracture (white arrow)

play to around 4 months [18, 19]. However, Khan
at el. demonstrated high rates of inability to play
(69.2%) among NBA players with either tibial
stress fractures or tibial stress reactions [3].

44.5

Metatarsals

Metatarsal stress fractures were originally
described in military recruits and termed “march
fractures.” Fractures occur commonly in the neck
and shaft of the second and third metatarsal [4].
Particularly common in basketball players are

fractures of the fifth metatarsal at the metaphysis/
diaphysis junction called a “Jones fracture.”
Khan et al. found that among NBA players, a
fracture of the fifth metatarsal was the most commonly reported stress fractures (18.4%) [3].

44.5.1 Presentation and Physical
Evaluation
Athletes present with pain and tenderness around
the affected metatarsal, with occasional swelling
[4]. For fifth metatarsal fractures, athletes will
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Fig. 44.3 AP and lateral radiographs following intramedullary nail fixation for an anterior-cortex tibia stress fracture

present with lateral foot pain and fifth metatarsal
pain exacerbated by inversion [21]. Jones fractures can occur as an acute fracture or as a true
stress fracture. Athletes may report pain after a
specific event; however, typically the bone has
undergone repetitive microtrauma that has predisposed it to injury [4]. Studies have demonstrated that up to 59% of Jones factures can be
classified as true stress injuries [4].

44.5.2 Diagnosis
Initial weight-bearing radiographs may appear
normal. Periosteal bone reaction can be visible on
plain radiographs 2–3 weeks after injury [4, 20].
Radiographs may also reveal a radiolucent fracture
line and intramedullary sclerosis [22] (Fig. 44.4).
MRI will depict bone marrow and periosteum
edema and a possible fracture line [20]. Athletes
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Fig. 44.4 Oblique radiograph of a right foot demonstrating a fifth metatarsal stress fracture (white arrow)

with fifth metatarsal fractures may have predisposing factors including a protruding fifth metatarsal head, a cavovarus foot, or an increased
inter-metatarsal angle between the fourth and
fifth metatarsal [21, 23].

44.5.3 Treatment
Most metatarsal stress fractures can be successfully
treated with activity modification and return to sport
in 4–6 weeks when ambulation pain s ubsides [20].
Stress fractures of the fifth metatarsal typically
occur in a watershed zone between the nutrient
artery and metaphyseal artery, at the metaphysis/
diaphysis junction [4, 24]. These fractures have a
high risk of delayed union, nonunion, or refracture

Fig. 44.5 ORIF of right fifth metatarsal stress fracture

if treated nonoperatively because of the poor blood
supply [22]. If the fracture is diagnosed early, prior
to radiographic changes, a period of non-weightbearing and an unloader brace may be curative [22].
Otherwise, most high-level athletes with Jones fracture will undergo operative treatment with ORIF
using a compression screw ± bone grafting [4, 22,
23] (Fig. 44.5). A functional metatarsal brace may
be used postoperatively for 1 month to avoid refracture [22]. Khan et al. reported that 100% (14/14) of
fifth metatarsal fractures seen in NBA players were
treated with ORIF [3].

44.5.4 Return to Play
Return to play following operative treatment is
generally around 6–8 weeks [4]. O’Malley
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et al. observed the outcomes of 10 NBA players
with Jones fractures treated surgically and
found that radiographic healing was observed
around 7.5 weeks and return to play at 9.8 weeks
[23]. Khan et al. found that 42.9% (6/14) of
NBA players who suffered a fifth metatarsal
fracture from 2005 to 2015 were unable to
return to play following injury [3]. This is in
contrast to Begly et al. who reported that of 26
NBA players with Jones fractures from 1994 to
2013, 85% returned to their previous level of
competition. They also noted that 19% (5) of
players in their study had recurrence of their
injury despite initial surgical management,
stressing the increased strain these athletes put
on this fracture, warranting careful postoperative care [25].

555

have limited subtalar motion or dorsiflexion of
the ankle [22]. They often will have pain standing on the tip of their toes and pain with a single
leg hop [26].

44.6.2 Diagnosis

Initial imaging includes weight-bearing (AP, lateral, and oblique) radiographs. Although plain
radiographs have low sensitivity for diagnosing
navicular stress fractures, they can be used to rule
out other sources of midfoot pain. Navicular
stress fractures are seen in the sagittal plane in
the central third of the bone, which correlates to
the area of maximal shield stress [4, 22]. They
began at the proximal dorsal articular surface and
propagate plantar. Since they do not often involve
the plantar cortex, it makes them hard to distin44.6 Navicular
guish on plain radiographs [26](Fig. 44.5).
Due to often vague symptoms and negative
Although rare in the general population, navicu- X-rays, diagnosis of navicular stress fractures
lar stress fractures are more common in elite- can be delayed 4–7 months from the onset of
level athletes, accounting for 25% of all the symptoms [26].
diagnosed stress fractures [26]. They are freMRI T2-weighted images will show bone
quently observed in short-distance runners and edema and stress reaction early on, even before
basketball players due to high-intensity jump- an actual fracture line is apparent [26].
ing, explosive movement, and rapid cutting that
CT is useful for preoperative planning as it
leads to forceful and repetitive loading of the will best demonstrate the orientation of the fracforefoot [26].
ture line. Additionally, it can be used to help
The navicular is an important structural link determine fracture healing [26] (Fig. 44.6).
between the midfoot and hindfoot, allowing for
forceful push-off during gait. Studies have demonstrated an avascular region of the navicular 44.6.3 Treatment
predisposing it to risk of fracture with repetitive
load and delayed healing [26].
Early diagnosed partial or complete navicular
stress fracture can successfully be managed
nonoperatively with a non-weight-bearing cast
44.6.1 Presentation and Physical
for 6–8 weeks until the bone is nontender [22,
Evaluation
28]. The other option is to fix the fractures with
percutaneous screws in situ followed by a
Patients present with vague midfoot or medial period od 6-8 weeks in a non-weight-bearing
arch pain that is aggravated by weight-bearing cast. This is followed by another 6 weeks of
activities [22, 27]. Initially, patients may present rehabilitation where a semi-rigid custom orthowith pain just at the initiation of activities. They sis may be used for arch support [4]. Adjunctive
will have tenderness on palpation over the therapy may include bone stimulator, shock
navicular bone, particularly the proximal dorsal wave therapy, Vitamin-D supplementation, and
area known as the “N-spot” [26, 27]. They may teraparatide [26]. Complete or Displaced frac-
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a

b

Fig. 44.6 (a) AP radiograph of a left foot demonstrating increased sclerosis and cortical thickening and subtle fracture
line at the midline of the navicular bone. (b) Axial CT image demonstrating midline dorsal navicular stress fracture

tures, delayed union, or non-unions should be
treated with open ORIF and bone grafting or
bone marrow aspirate [29]. This is done with
one or two compression screws across the fracture site [22], followed by a period of nonweight-bearing until healing has occurred [4,
26] (Fig. 44.7).

44.6.4 Return to Play
On average, return to play takes between 4 and
5 months after treatment [4, 26, 30]. Recently,
Saxena et al. prospectively analyzed the outcomes
of 62 athletes diagnosed with navicular stress fractures treated with either ORIF (47) or nonoperative management (15) [27]. Return to activity was
similar for both groups; 4.56 ± 1/5 months for the

ORIF group and 3.97 ± 1.9 months for the nonoperative group (p = 0.28) [27]. Of the 62 navicular
stress fractures, 57 (91.9%) were able to return to
play at their previous activity level [27]. Previous
studies have typically demonstrated a faster return
to play with ORIF [30, 31].
Whalen et al. prospectively followed NFL
players who had a navicular stress fractures and
found that although the prevalence of the injury
was low, those with a history of a navicular
stress fracture had a significantly lower chance
of getting drafted (p = 0.001) and playing
>2 years in the NFL compared to controls
(p = 0.2) [32].
Finally, Khan et al. demonstrated that among
NBA players with navicular stress fractures
between 2005 and 2015, two-third of players
were not able to return to play [3].
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b

Fig. 44.7 (a) Lateral radiograph and (b) axial CT status post ORIF of a left navicular stress fracture

44.7

Great Toe Sesamoids

Sesamoid stress fractures are uncommon but can
lead to disability and dysfunction of an athlete if
untreated. They compromise around 1–3% of all
stress fractures [11]. The injury is seen slightly
more in the medial (tibial) sesamoid which lies
directly under the head of the first metatarsal
[33]. Repetitive dorsiflexion of the great toes
such as in sprinting and jumping can cause forces
sufficient enough to cause a transverse fracture
[21, 22, 34].

44.7.1 Presentation and Physical
Evaluation
Athletes present with tenderness directly over the
plantar aspect of the first metatarsophalangeal
joint and pain with passive dorsiflexion of the
first toe [33, 34].

44.7.2 Diagnosis
Initial radiographs include weight-bearing AP,
lateral and axial views centered on the sesamoids
[11] (Fig. 44.8). Fractures must not be confused

with bipartite sesamoids which is seen in 5–30%
of the general population [22].

44.7.3 Treatment
Acute stress fractures are treated conservatively
with 2–6 months of activity cessation and modification, often involving up to 6 weeks in a non-
weight-bearing cast which extends to the distal
end of the great toe to prevent dorsiflexion [22,
33, 34]. Great toe sesamoid stress fractures have
a high rate of delayed union or nonunion, often
indicating early operative treatment [21]. Surgery
typically involves excision of the fractured sesamoid or ORIF, with caution not to disrupt the
flexor hallucis longus and brevis [22, 34].

44.7.4 Return to Play
In a meta-analysis of 14 studies, Robertson et al.
demonstrated no significant difference in return
to play rate with either nonoperative (86%) or
operative management (95%). However, return
time to sport was significantly faster with surgically managed fractures (11 weeks) than nonoperative treatment (13.9 weeks, p = 0.017).
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a

b

Fig. 44.8 (a) AP radiograph and (b) axial T2-weighted MRI of a fibular sesamoid fracture (white arrow)

Fractures treated with a sesamoidectomy
(10.5 weeks) returned faster (p < 0001) than
those treated with internal fixation (11.8 weeks).
However, internal fixation did demonstrate the
highest return to sport (100%) and the best return
rate to the same level of sport (100%) [34].

44.8

Stress Fracture Prevention

Modification of physical activity duration and
appropriate recovery time is imperative in stress
fracture prevention. Additionally, ensuring an adequate daily intake of calcium (2000 mg) and Vitamin
D (800 IU) may have protective measures [1].
Understanding and correcting poor athlete biomechanics and kinematics may also decrease the
risk of stress fractures. Protective biomechanic
measures include the use of orthotic devices and
shoe inserts [35]. Finestone et al. found a lower
incidence of lower-extremity stress fractures in
military cadets using semirigid orthoses (15.7%)
or soft biomechanical orthoses (10.7%) versus
controls (27%). Additionally, the recruits toler-

ated the soft biomechanical orthoses better than
they did the semi-rigid orthoses [36]. It is also
important to identify players at risk for a stress
fracture and provide cautious management of
their loads as well as address nutritional deficits.

44.9

 eneral Return to Sport
G
Considerations Following
Stress Fractures
in Basketball

Injury management in the professional athlete is
complex, and many factors may affect various
return to sport (RTS) aspects, from time to RTS
to return to pre-injury level of play. Several considerations have been highlighted with regard to
RTS following stress fractures or stress reaction
in basketball players.
Khan et al. have shown that the strongest predictor of overall performance postinjury was player
efficiency rating (PER) in the year before the injury
[3]. There were no other factors that were significantly associated with performance at 1 year post-
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injury. However at 2 years, differences became
more apparent, highlighting, unsurprisingly, that
players who sustained a stress fracture as opposed
to a stress reaction performed significantly worse
after 2 years. However, players who were treated
surgically had significantly better performance at
2 years than those who were managed conservatively, independent of the type of injury [3].

Take Home Messages

• Stress fractures are an important group
of sports injuries seen in high-level athletes due to their high physical demand.
Diagnosis of these injuries can be difficult but is key in order to avoid delay in
treatment and faster return to play.
• In basketball, the most common types of
stress fracture are those of the lower
extremity.
• The need for a fast return to play pushes
clinicians around sports to look for
treatment options that can safely expedite good-quality bone healing with the
lowest chance of recurrent injury.
• Particularly in high-level athletes, operative treatment for these fractures is
often the best option to ensure the fastest recovery and return to play.
• Biologic therapies such as stem cells and
autologous growth factors are becoming
more commonly utilized, and, with more
scientific evidence, could be a helpful
adjunct in the future of stress fracture
management.
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The Role of Orthobiologics
in the Management of Tendon
and Fascia Injuries in Sports
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45.1

Introduction

Orthobiologics have emerged as a promising
treatment modality, seeking to enhance musculoskeletal regeneration and repair. This overarching
term comprises many developing treatments,
including isolated growth factors, platelet-rich
plasma (PRP), cell-based therapies, and scaffolds. Preclinical studies and initial enthusiasm
have resulted in substantial research efforts.
Preliminary results of these efforts suggest
improved function, decreased pain, and early
return to play in several different soft tissue injuries; however, true reproducible soft tissue regeneration has not been demonstrated [1, 2].
R. Gilat (*)
Midwest Orthopaedics at Rush University Medical
Center, Chicago, IL, USA
Department of Orthopaedic Surgery, Shamir Medical
Center and Tel Aviv University, Tel Aviv, Israel
F. Abat
Sports Orthopaedic Department, Re-sport Clinic,
Barcelona, Spain
Blanquerna University Ramon Llull, Barcelona, Spain
J. Chahla · E. D. Haunschild · B. Cole
Midwest Orthopaedics at Rush University Medical
Center, Chicago, IL, USA
L. Laver
Department of Orthopaedics, Sports Medicine Unit,
HYMC, A Technion University Hospital,
Hadera, Israel
ArthroSport Sports Medicine, ArthroSport Clinic,
Tel-Aviv, Israel

As in all athletes, tendon and fascia injuries
are very prevalent in basketball players. Common
tendon and fascia injuries in athletes will be
addressed in this chapter including patellar tendinopathy, Achilles tendinopathy, Achilles tendon
rupture, plantar fasciitis, and rotator cuff pathology. The optimal treatment for soft tissue injuries
is under debate, but most can be managed with
conservative measures, including rest, icing,
physical therapy, and analgesics for symptomatic
relief. While these treatments are often effective,
there is increasing interest in the role of orthobiologics in promoting healing, reducing pain, and
enabling early return to play [3]. This chapter
will relay the most current evidence regarding the
efficacy of different orthobiologics for the treatment of tendon injuries in athletes [1].

45.2

Orthobiologics

45.2.1 Corticosteroids
Corticosteroids have long been used as anti-
inflammatory agents in the treatment of soft tissue injuries in athletes. Corticosteroids can be
given intravenously or orally for a systemic effect
or injected (intra-muscular, intra-articular, intra-
bursal, intra-tendinous, or peritendinous) for a
more local effect. Either way, corticosteroids are
well known for their ability to induce symptomatic relief.
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Corticosteroids decrease leukotrienes, prostaglandins, thromboxane A2, and prostacyclin, as
well as by stabilize lysosomal membranes of
inflammatory cells, decreasing vascular permeability, altering neutrophil chemotaxis and function. They also possess the ability to cross cell
membranes and influence RNA transcription and
subsequent protein production [4, 5].
Several clinical studies have reported
improved outcomes with corticosteroids injections for soft tissue injuries in athletes. Levine
et al. have reported improved return to play
following corticosteroids and anesthetic injection for severe hamstring injuries in 58 National
Football League (NFL) players. They have also
reported no complications related to the injection [6]. Stahl et al. performed a prospective,
randomized, double-blinded study to assess the
effect of methylprednisolone on medial epicondylitis. They have reported short-term
improvement in symptoms at 6 weeks followup in the experimental group; however, later
follow-ups did not differ with regard to pain
[7]. For the treatment of Achilles tendinopathy,
corticosteroids have shown no benefit when
compared to nonsteroidal anti-inflammatory
drugs (NSAIDs) [8].
The use of corticosteroids should be carefully considered due to its significant side
effects. There are several potential reported systemic side effects of corticosteroids including,
but not limited to, diabetes, weight gain, hypertension, and psychosis when used systemically.
Local injections in high concentrations may also
confer systemic side effects, as well as local
side effects [5]. Nichols performed a meta-analysis reporting on the complications associated
with the use of corticosteroids in the treatment
of athletic injuries. He reported local side effects
including tendon weakening and rupture, postinjection pain flares, subcutaneous fat atrophy,
and skin hypopigmentation. As for specific rates
for tendon ruptures, he reported plantar fascia
rupture to be the most common (53.7%), quadriceps/patellar tendon rupture rates were 9.5%,
Achilles tendon rupture rates were 8.4%, and
biceps tendon rupture rates were as high as 8.4%
as well [9].

Fact Box

The use of corticosteroids should be carefully considered, mainly due to its significant side effects, which includes significant
rates of tendon rupture, muscle weakness,
and atrophy. However, in select cases their
use is applicable and has shown favorable
results.

45.2.2 Platelet-Rich Plasma (PRP)
The use of PRP for the management of soft tissue
injuries has become increasingly common over
the last decade [10, 11]. This is probably due to
its potential benefits including its safety, efficient
delivery of growth factors, and proteins that
might modify acute and chronic pathology, and
the potential for expedited recovery from soft tissue injuries used in isolation or as adjunctive
treatment [11].
PRP is created by the process of centrifugation of a patient’s own blood to produce small-
volume plasma with high platelet concentration.
Platelets contain an abundance of growth factors
(transforming growth factor [TGF]-b1, platelet-
derived growth factor, basic fibroblast growth
factor, vascular endothelial growth factor, epidermal growth factor, insulin-like growth factor
[IGF]-1), which may modify the inflammatory
response and impact cell differentiation and
proliferation [12–14]. Previous literature has
defined PRP as any plasma volume with a platelet concentration above baseline [15]. However,
recent literature supports defining PRP as a volume of plasma that has a platelet count of over
one million platelets per milliliter (mL) [16,
17]. PRP with a platelet concentration above
this proposed cutoff is thought to have a clinically significant impact on tissue healing [17,
18]. However, other authors reported that
increased platelet concentration beyond the
physiologic level did not improve functional
graft healing in an anterior cruciate ligament
(ACL) [19] and medial collateral ligament
(MCL) animal models [20]. More recent studies
are aiming to define optimal concentrations to
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be used to induce healing according to the specific injured tissue [21–23].
Preparation protocols vary between the many
available commercial PRP systems. Generally,
blood is drawn from the patient and is mixed with
an anticoagulant. Subsequently, a 1- or 2-step
centrifugation separates the red blood cells,
platelet-poor plasma, and the “buffy-coat”. The
buffy-coat which contains the highly concentrated platelets and leukocytes and the plasma is
then isolated for a second centrifugation (when a
manual system is utilized). Prior to the injection,
some commercial systems recommend “activation” of the platelets using thrombin or calcium
chloride, in order to induce platelet degranulation
and release of growth and differentiation factors
[24]. A recent analysis of the reporting of PRP
processing for musculoskeletal conditions (105
studies) showed that only 11.5% of studies
reported on all necessary variables of PRP processing required to repeat the protocol [25].
Moreover, there was no consensus in the
machines to be used to prepare the PRP (manual
or automatic), number of spins, speed, and time
of centrifugation. Automated commercial systems and manual processing methods are used to
minimally manipulate desired blood fractions to
concentrate LR-PRP and LP-PRP but have been
found to produce product variations in blood cell
and growth factor concentrations [26–30]. In this
regard, both systems can produce similar results
when performed correctly [31].
PRP can further be stratified to leukocyte
(neutrophil)-rich PRP (LR-PRP) and leukocyte-
poor PRP (LP-PRP) according to the white blood
cell concentration. It has been suggested that
LR-PRP can produce pro-inflammatory effects
by induction of interleukin-1β (IL-1β), tumor
necrosis factor (TNF)-α, and metalloproteinases,
which may adversely affect tissue healing
[32–35]. Recent two case series by Hanisch et al.
have found no significant difference in effect
between LR-PRP and LP-PRP for Achilles tendinopathy [36]. Many variables contribute to the
preparation of what is broadly named PRP, thus
the discovery of the optimal preparation method
for each unique type of patient, tissue, and injury
remains elusive.

563

Fact Box

The World Anti-Doping Agency (WADA)
does not prohibit PRP use generally; however, use of independent growth factors
(such as PDGF, VEGF, IGF-1, and FGF) is
prohibited. Stem-cell-based therapies may
or may not be prohibited, depending on
how the cellular material is manipulated or
modified for use [37].

45.2.3 Cell-Based Therapies
The rationale for use of mesenchymal stem cells
(MSC) is the potential to improve symptoms and
possibly augment healing of tissues that have
relatively poor intrinsic healing ability such as
cartilage, muscle, tendon, ligament, meniscus,
and soft tissue to bone interfaces. Although preclinical studies suggest promising potential for
MSC to enhance tissue healing, there is limited
clinical data to support the use of MSC for the
management of musculoskeletal pathologies.
These mostly unsubstantiated therapies are being
aggressively marketed directly to athletes, with
unproven claims regarding their efficacy on outcomes and early return to play.

45.2.3.1

 one Marrow Aspirate
B
Concentrate (BMAC)
As one of the few techniques approved by the
United States Food and Drug Administration
(FDA) for the delivery of stem cells, bone marrow aspirate concentration (BMAC) has gained
popularity in recent years [38]. Aside from progenitor cells, BMAC is reported to contain an
abundance of growth factors and cytokines [33,
39, 40]. All together the contents of BMAC are
thought to promote neogenesis, tissue regeneration, immunomodulatory, and anti-inflammatory
effects [38, 41].
Bone marrow aspirate is usually performed by
percutaneous aspiration of trabecular bone of the
iliac crest due to the ease of procurement, relatively low donor site morbidity and a high concentration of progenitor cells [42] (Fig. 45.1).
Using a small syringe and multiple aspirations at
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is a paucity of studies supporting the use of
BMAC for the treatment of soft tissue injuries.

Fig. 45.1 Bone marrow aspiration from proximal tibia

Fig. 45.2 Bone marrow aspiration centrifugation

different locations have been reported to increase
progenitor cells concentration [43]. The bone
marrow aspirate is then centrifuged in order to
separate the mesenchymal stem cells (MSC) [44,
45] (Fig. 45.2). MSC concentration following
centrifugation is still relatively low and is estimated to be around 0.001–0.01% [45]. Moreover,
the true number of viable MSC that are actually
delivered into the lesion is unknown, regardless
of the tissue used to procure the cells. To increase
the number of MSC, the cells are to be transferred to a lab and undergo cell isolation and culture expansion. However, such laboratory
processing of cell preparations is prohibited in
the United States, by the Food and Drug
Administration (FDA).
Many preclinical and clinical studies have
supported the use of BMAC, mainly for the treatment of cartilaginous and articular pathologies
(e.g., meniscal injuries) [46–51]; however, there

45.2.3.2 Other Cell-Based Therapies
MSC were first discovered in bone marrow; however, later studies revealed their presence in fetal
tissue (umbilical cord and placenta), as well as in
adult tissue (adipose tissue, periosteum, blood
vessels, synovium, endometrium, dermis, and
more) [52–54].
Commonly used MSC sources are autologous
adipose tissue and allogenic amniotic tissue.
Amniotic tissue contains higher concentrations
of MSC when compared to the aforementioned
BMAC, with concentrates of 0.9–1.5% [55].
Advantages for the use of amniotic stem cells are
high plasticity and pluripotency of the cells, low
immunogenicity, high capability to differentiate
to major cell lineages, and the lack of donor site
morbidity [55]. Adipose tissue is also a common
source of MSC due to the abundance of MSC in
adipose tissue and the relative ease of access and
harvesting of adipose tissue. Adipose MSC are
autologous and therefore also raise less ethical
concerns [56].
Preclinical studies have supported the use of
MSC for various applications. Most preclinical
studies have concentrated on the effect of MSC in
the treatment of articular cartilage pathology and
bone healing [57–63]. Although the use of MSC
for the treatment of soft tissue pathology has not
been studied extensively, several preclinical studies have assessed the efficacy of MSC in rotator
cuff pathology, with conflicting results. Gullota
et al. and Yokoya et al. have reported that MSC
promote healing of the rotator cuff in rat and rabbit models, respectively [64, 65]. Other studies by
Gullota et al. and Chen et al. have raised doubts
regarding the ability of MSC to improve rotator
cuff healing when used in isolation [66–68]. A
recent study by Ma et al. has shown potential benefit of human placenta-derived cells in patellar
tendon injury in rats [69]. Many more clinical
studies are in progress however to date, there is no
high-quality evidence to support the use of MSC
in the treatment of soft tissue injuries [70, 71].
Due to the exponential growth in cell-based
treatments worldwide without standardization
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and transparency, an international expert consensus proposed the DOSES tool for describing cell
therapies, which was aimed to allow for better
assessment and comparison of different treatments and techniques in the future [70]. This is of
critical importance as lack of standardization and
rigorous protocols may expose the athlete to serious adverse side effects and complications,
including severe infections.
Cell-based therapies have an immense potential to improve management of soft tissue injuries
in the athlete. However, more research is required
to optimize the treatment protocol for each type
of injury in regard to preparation techniques, dosing, delivery, and rehabilitation. Future research
efforts should define the best indications and
applications for biologic therapies in a way that
maximizes both the benefit and the safety of the
athlete.

45.3

 oft Tissue Injuries: Tendons
S
and Fascia

The use of orthobiologics for tendon and fascia
pathologies is less frequently studied compared
to bone and cartilage pathologies [72].
Determining the optimal protocol for the treatment of tendon pathology should begin with differentiating acute tears from chronic degenerative
and overuse tendinopathy or tendinosis. While in
acute tears the goal may be to increase cellular
proliferation and promote/enhance healing, in
chronic tendinopathy the goal may more likely be
to target the inhibition of matrix-degrading proteases and inflammatory mediators and possibly
“jump-start” a healing response. Other considerations include the specific tendon involved, the
location within the tendon (myotendinous junction, intra-tendon, or avulsion injuries), timing,
and dosing [73].

45.3.1 Patellar and Quadriceps
Tendinopathy
Tendinopathies of the extensor mechanism of the
knee are common in both professional and ama-
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teur basketball players due to the repetitive jumping and loading subjected to the patellar and
quadriceps tendons. The most common tendinopathy location of the extensor mechanism is the
patellar tendon origin/proximal insertion (65–
70% of the cases), followed by the quadriceps
tendon insertion at the superior pole of the patella
(20–25%), and the patellar tendon insertion on
the tibial tuberosity (5–10%) [74]. Both patellar
and quadriceps tendinopathies have been historically called “Jumper’s knee” due to the high
prevalence seen in athletes involved in jumping
sports. Several classifications exist with regard to
the severity of “jumper’s knee” and are based on
pain and sports performance [75, 76] and pain
intensity [77] (Table 45.1). It has been reported
that this injury is prevalent in up to 30% of basketball players. Lian et al. described an overall
prevalence of “jumper’s knee” of 14.2% in athletes in their report of 613 athletes with the highest prevalence reported in sports associated with
high-impact ballistic/explosive loading of the
knee extensor mechanism such as volleyball
(44.6%) and basketball (31.9%) [78]. Zwerver
et al. described a “jumper’s knee” prevalence of
11.8% in non-elite basketball players in their
report of 891 athletes [79].
Several clinical studies have supported the use
of PRP injections for the management of patellar
tendinopathy (Fig. 45.3). Dragoo et al. performed
a randomized controlled trial comparing LR-PRP
to dry needling for the management of patellar
tendinopathy in 23 patients. At 12 weeks followup, the LR-PRP group improved significantly

more than the dry needling group in regard to the
Victorian Institute of Sports Assessment (VISA)
score for patellar tendon (25.4 vs. 5.2 points,
respectively, p = 0.02). At 26 weeks follow-up,
both groups demonstrated a significant improvement, but there was no significant difference
between the cohorts (p = 0.66). Of note, three
patients crossed over from the dry needling group
to the LR-PRP group and were excluded from the
final >26 weeks analysis. Additionally, there was
a between-group statistically significant age difference (p = 0.04); while patients in the dry needling group had a mean age of 40, patients in the
LR-PRP had a mean age of 28 [80]. Vetrano et al.
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Table 45.1 The different existing classifications for “Jumper’s knee”
Stage/
grade
0
I

Blazina classification [75]
Pain only following activity without
functional impairment

II

Pain during and following activity with
satisfactory performance levels

III

More prolonged pain during and
following activity with progressively
increasing difficulty in performing at a
satisfactory level

IV
V

Ferretti classification [77]
No pain
Pain only following intense
sports activity with no
functional impairment
Moderate pain during sports
activity with no sports
performance restriction
Pain with slight sports
performance restriction

Pain with severe sports
performance restriction
Pain during daily activity
and inability to participate
in sport at any level

Fig. 45.3 Ultrasound-guided PRP injection for the management of patellar tendinopathy

performed a randomized controlled trial, enrolling 46 consecutive athletes with jumper’s knee,
and comparing between two ultrasound-guided
injections of PRP (performed within 2 weeks)
and three sessions of extracorporeal shock wave
therapy (ESWT). Both groups significantly
improved in symptoms at all follow-up assessments. At 2-months there were no significant differences between the groups in the VISA-patella,
VAS, or Blazina scale scores, but, in 6- and
12-month follow-up, the PRP group showed a
significantly greater improvement in all scores

Roels classification [76]
Pain at the infrapatellar or
suprapatellar region following
training or event
Pain at the beginning of activity,
disappearing after warm-up and
reappearing after activity
completion
Pain during and after activity. The
patient is unable to participate in
sports
Complete rupture of the tendon

(P < 0.05 for all) [81]. Along with these randomized controlled studies, several other studies with
a lower evidence level have also supported the
use of PRP for the treatment of patellar tendinopathy [82–89].
However not all studies have found PRP to be
beneficial in patellar tendinopathy; a recent levelI study by Scott et al. compared LR-PRP, LP-PRP,
and normal saline injection in athletes with patellar tendinopathy for >6 months. They reported no
significant differences in VISA-P, pain, or global
rating of change among the three treatment
groups at all time points [24]. Notably, this study
did not indicate that PRP is ineffective, but rather
it was no more effective than saline which in and
of itself may have some therapeutic benefits.
Several preclinical and clinical studies involving the management of patellar tendinopathy
using cell-based therapies. Ni et al. studied the
use of tendon-derived stem cells (TDSC) in rat
patellar tendon window defect model. They
reported significantly higher ultimate stress and
young’s modulus of elasticity in the TDSC group
and concluded that the use of TDSC had promoted earlier and better tendon repair in this rat
model [90]. Pascual-Garrido et al. reported on
eight patients with patellar tendinopathy where
BMAC was used. A 5-year follow-up revealed
significantly higher Tegner score, international
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knee documentation committee (IKDC) score,
and symptoms and sports subscales of the knee
injury and osteoarthritis outcomes score (KOOS).
They also reported that most patients said that
they would have the procedure again if they had
the same problem in the opposite knee [91].
Clarke et al. conducted a randomized controlled
trial to compare skin-derived tenocyte-like
collagen-producing cells to autologous plasma
for refractory patellar tendinopathy. There was a
significantly greater improvement of 8.1 points in
the VISA score for patellar tendon in the cell
group. Of note, one patient in the cell group had
a late rupture and underwent surgery [92]
(Table 45.2).
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Several prospective randomized controlled trials of LR-PRP injections for Achilles tendinopathies have failed to support its efficacy [94–96].
De Vos et al. randomized 54 patients, aged 18–70,
with chronic Achilles tendinopathy to receive
eccentric exercises with either an LR-PRP injection or a saline injection. They concluded that no
greater improvement was observed in pain or
activity level with the use of LR-PRP. DeJonge
et al. performed a follow-up trial on the same
patient population demonstrating similar results,
including no difference in tendon appearance as
viewed with ultrasonography at 1-year follow-up
[97]. Similarly, a randomized controlled study
performed by Krogh et al. found no improvement
in Achilles VISA scores following a PRP injection when compared to a saline injection. They
did, however, report a significant increase in tenFact Box
don thickness in the PRP group [98].
There is evidence to support the use of PRP
Boesen et al. have also performed a randominjections in persistent patellar tendinopaized double-blinded prospective trial assessing
thy. Although, one recent level-I study has
the efficacy of PRP for the management of
created doubt regarding this issue. More
Achilles tendinopathy in 60 patients, aged 18–59.
high-quality research will shed light on the
They compared the efficacy of eccentric exerprecise indications, timing, dosing, and
cises with either (1) a high-volume injection
other relevant parameters in the athlete.
(HVI) of steroids, saline, and local anesthetics,
Preliminary evidence suggests that cell-
(2) four PRP injections each 14 days apart, or (3)
based therapies may play a role in the mana placebo (a few drops of saline injected under
agement of patellar tendinopathy.
the skin). Both the HVI and PRP group were
found to be effective in reducing pain, improving
activity level and reducing tendon thickness and
vascularity [99]. Of note, these studies have not
45.3.2 Achilles Tendon Pathology
targeted the professional athlete population and
perhaps may not be generalizable to this patient
45.3.2.1 Achilles Tendinopathy
population. Also, for the elite athlete, reduced
Achilles tendinopathy in the athlete can present tendon thickness can potentially result in
in escalating severity, from a dull pain to a debili- decreased strength and velocity, as well as harbor
tating injury precluding play. Many conservative a risk for the dreadful Achilles tendon rupture.
treatments have been introduced; however, manThere is limited evidence to support the use of
agement of Achilles tendinopathy remains a chal- cell-based therapy in Achilles tendinopathy.
lenge in many athletes. A preclinical study by Usuelli et al. conducted a randomized controlled
Solchaga et al. compared the effect of an intra- trial comparing PRP to adipose-derived stromal
tendon delivery of recombinant human platelet- vascular fraction (SVF) for the management of
derived growth factor-BB (rhPDGF-BB), PRP, Achilles tendinopathy. They reported signifiand corticosteroids in a rat Achilles tendinopathy cantly better functional and pain scores at 15 and
model. Their results demonstrated increased 30 days in the SVF group (P < 0.05); however, no
stiffness and load-to-failure in the rhPDGF-BB significant differences were measured between
when compared to the other groups [93].
the groups in later follow-ups [100] (Table 45.3).

2015

2011

Scott
et al.

Clarke
et al.

No

Yes

No

36

LR-PRP-32,
LP-PRP-33,
NS-31

PRP-28,
control-40a

1919

Skin-derived 33
tenocyte-like
cells

LR-PRPLPPRP

10

LR-PRP

27

19

13

Sample size
Tested Control
group group
23
23

Type of
intervention
PRP

Two groups:
1. 2 mL Lidocaine
→ 3.5 mL
LR-PRP +
rehabilitation
2. 2 mL Lidocaine
→ 3.5 mL
LP-PRP +
rehabilitation
Skin-derived
tenocyte-like cells
+ autologous
plasma

3 mL bupivacaine
→ 6 mL
LR-PRP + dry
needling

Tested group
2 mL PRP

Intervention details

1

1

2 mL Lidocaine →
3.5 mL
NS + rehabilitation

Autologous plasma

1

3 mL bupivacaine
+ dry needling

Control group
ESWT

6

12

6

Yes

No

Yes

Number
of
Follow-up Favorable
injections (months)
result
2
12
Yes

Significantly better
VISA-P scores and
faster improvement
in the tested group.
One patient in cell
group had late
patellar tendon
rupture

Results
Significantly better
VISA-P, VAS, and
modified Blazina
scale in the PRP
group
Significantly better
VISA-P at for
12 weeks for the
PRP group, no
difference in
26 weeks.
Significantly better
Lysholm score for
the control group
at 26 weeks
No significant
change in VISA-P,
pain scores or
global rating of
change among the
3 treatment groups
at all time points

Abbreviations: ESWT extracorporeal shock wave therapy, NS normal saline, PRP platelet-rich plasma, LP-PRP leukocyte-poor PRP, LR-PRP leukocyte-rich PRP, VAS visual
analog scale, VISA-P Victorian Institute of Sport Assessment-Patella
a
Significant difference in age between groups (P = 0.04)

2014

Dragoo
et al.

Author
Vetrano
et al.

Year of
publication Athletes Mean age
2013
Yes
PRP-26.9,
control-26.8

Table 45.2 Characteristics of level-I studies of orthobiologics in the management of patellar tendinopathy
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LR-PRP

2016 No PRP-30.2,
control-28.9

4 mL LR-PRP

4 mL NS

1 12 No No significant difference in
VISA-A or sonographic
parameters
10 10 3–5 mL PRP
Eccentric loading program
1 6 No No significant difference in
VISA-A
12 12 10–15 mL Lidocaine 10–15 mL Lidocaine →
1 3 No No significant difference in
→ 6 mL LR-PRP
VISA-A. Significantly increased
6 mL NS
tendon thickness in PRP group
4 6 Yes HVI and PRP more effective in
Two groups:
20 (1) 4 mL
reducing pain (VAS), improving
20 LP-PRP + eccentric 1. HVI—10 mL bupivacaine
activity level (VISA-A),
+20 mg methylprednisolone
(2) exercise
reducing tendon thickness and
+ ~40 mL NS + eccentric
20
intra-tendinous vascularity. HVI
exercise 2. A few drops of
may be better than PRP in the
NS under skin + eccentric
short term
exercise
21 23 4 mL SVF
4 mL LR-PRP
1 6 Yes Better VAS, AOFAS Ankle-
Hindfoot score and VISA-A in
both groups. Significantly better
early (15 and 30 days)
improvement in the SVF group.
No difference in later follow-up
Achilles tendon repair
1 24 Yes Significantly better SF-36,
16 20 3–4 mL
Leppilahti scores and ankle
LR-PRP + Achilles
ROM for the LR-PRP group
tendon repair

27 27

Abbreviations: AOFAS American Orthopaedic Foot and Ankle Society, HVI high-volume injection, NS normal saline, PRP platelet-rich plasma, LP-PRP leukocyte-poor PRP,
LR-PRP leukocyte-rich PRP, SVF stromal vascular fraction, VAS visual analog scale, VISA-A Victorian Institute of Sport Assessment-Achilles

Zou
et al.

Adipose
derived
SVF vs.
LR-PRP

2017 No SVF-47.3,
PRP-46.6

Usuelli
Achilles
tendinopathy et al.

Achilles
tendon
rupture

LP-PRP

Achilles
Boensen 2017 No PRP-43.1,
tendinopathy et al.
HVI-41.9,
placebo-40.9

LR-PRP

PRP

Achilles
tendinopathy
Achilles
tendinopathy

Kearney 2013 No PRP-47.8,
et al.
control-49.9
Krogh
2016 No PRP-46.7,
et al.
NS-51.8

LR-PRP

Achilles
DeJonge 2011 No 49.7
tendinopathy et al.

Table 45.3 Characteristics of level-I studies of orthobiologics in the management of Achilles pathologies
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45.3.2.2 Achilles Tendon Rupture
Complete rupture of the Achilles tendon is a devastating injury, with only 61.1–68% of professional National Basketball Association (NBA)
players returning to play at a professional level
[101, 102]. Most NBA players who do return to
play suffer from a decline in performance, games,
and minutes played when compared to pre-
injured levels [101, 102].
Several preclinical studies have supported the
potential benefit of platelets, PDGF, and tendon
stem cells in promoting healing of injured
Achilles tendon in rats and rabbits [103–111].
However, caution should be taken when trying to
translate these results to humans, as differences
between the species such as Achilles tendon size
and loading can dramatically affect outcome
[110, 112, 113]. Moreover, other studies have
not shown positive effects in a long-term followup [114].
Several clinical studies assessed the efficacy
of adding PRP to surgical Achilles tendon repair.
Schepull et al. performed a randomized, single-
blinded, controlled trial of 30 patients undergoing Achilles tendon repair. Sixteen patients were
injected with 10 mL of PRP to the rupture site
during primary repair and 14 were not. They
found no significant differences in elasticity
modulus or heel raise index. They did, however,
report significant lower Achilles Tendon Total
Rupture Score in the PRP group, suggesting a
detrimental effect associated with the use of PRP
(P = 0.014) [115]. De Carli et al. performed
Achilles tendon repair using mini-open technique
in 30 patients and tested the addition of two injections of PRP (one during surgery and another
14 days later). They reported no difference in
structural and functional outcomes [116].
Sanchez et al. published a small case–control
study of 12 athletes, in which 6 athletes were
treated with preparation rich in growth factors
(PRGF) during primary Achilles tendon repair.
They reported earlier recovery of range of motion
(ROM) and return to training activity [117]. Zou
et al. performed a prospective study (n = 36)
using LR-PRP as biologic augmentation to
Achilles tendon repair with a 2-year follow-up.
They reported improved functional outcomes

(ankle ROM, Leppilahti score, and the SF-36
score) in the PRP group in both short- and mid-
term follow-ups [118].
Literature reporting on biologic augmentation
using cell-based therapy to Achilles tendon repair
is scarce. Stein et al. reviewed retrospectively 27
patients (28 tendons) treated with open Achilles
repair augmented with BMAC. Ten patients were
injured while playing basketball. Mean follow-up
was 29.7 months. Twenty-five (92%) patients
returned to their sporting activity at an average of
5.9 months postoperatively. Mean Achilles
Tendon Rupture Score was 91 [119].

Fact Box

Current best evidence does not support the
use of PRP or cell-based therapies for the
management of chronic Achilles tendinopathy and for augmentation during primary
suture repair of Achilles tendon rupture.

45.3.3 Plantar Fasciitis
The plantar fascia is prone to injury in basketball
players due to the ballistic nature of motion
required during the game, while jumping, running, cutting, and changing pace [120–123].
More specifically, Pau et al. demonstrated a significant increase in plantar peak pressure in
women basketball players while attempting
three-point shots and lay-ups [124]. Injuries can
present either as a result of an acute injury or a
more gradual presentation of chronic symptoms
accompanied by acute exacerbations. The first
line of treatment for plantar fasciitis in athletes is
conservative management with rest, plantar
fascia-specific stretching, NSAIDs, foot orthosis,
and shock wave therapy [125]. When more conservative measures fail and when early return to
play is sought, several local injections can be
offered. Several injectables have been studied
including Botulinum Toxin Type A (BTX-A)
[126], corticosteroids [126], platelet-rich plasma
(PRP) [127, 128], and amniotic-derived stem
cells [129–132].
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45.3.3.1 Corticosteroids
Corticosteroids are still commonly used for plantar fasciitis with 89% of the American Orthopaedic
Foot and Ankle Society (AOFAS) surgeons performing an average of 13.9 injections per year
[133]. Studies suggest short-term pain relief up to
3 months [134, 135], and better results with lower
recurrence rates when ultrasound guidance is utilized [136]. However, high rates of plantar fascia
rupture (53.7%) and fat pad atrophy have been
reported following corticosteroids injections [9,
137–140]. In an effort to achieve better outcomes
and mitigate the concerns regarding the adverse
effects of corticosteroids, several injectables have
been compared to corticosteroids.
45.3.3.2

 otulinum Toxin Type
B
A (BTX-A)
Elizondo-Rodriguez et al. performed a randomized, double-blinded study, comparing BTX-A
injection to the gastrocnemius muscle and a
dexamethasone isonicotinate injection to the
plantar fascia in 36 patients with plantar fasciitis.
They found that the BTX-A group had a more
rapid and sustained improvement in the functional scores measured [126].
45.3.3.3 PRP
Several level-I and level-II studies have compared the efficacy of PRP or corticosteroids
injection for the treatment of plantar fasciitis
[127, 141–153]. Most studies reported favorable
outcomes of PRP over corticosteroids [127, 143,
145, 146, 149–153]. This statement was supported by two recent meta-analyses published by
Singh et al. and Yang et al. [154, 155] Singh et al.
performed a meta-analysis of 10 studies comparing PRP and corticosteroids for plantar fasciopathy. They concluded that PRP injections were
associated with improved pain and functional
scores at 3-months follow-up (p = 0.04 and
p = 0.03, respectively), but there were no differences at 1-, 6-, and 12 months follow-ups [154].
Yang et al. included nine randomized controlled
studies in their meta-analysis. They found greater
long-term (24 weeks) pain relief with PRP injections when compared to corticosteroids
(p = 0.03). However, there was no difference in
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pain relief in short (4 weeks) and intermediate
(12 weeks) follow-up (p = 0.51 and p = 0.44,
respectively), and also no difference in functional
outcomes was observed (p > 0.05) [155]. The
efficacy of a PRP injection for chronic plantar
fasciitis was also compared to a platelet-poor
plasma (PPP) injection in a study performed by
Malahias et al. They reported significant improvement in pain relief and functional outcomes at 3and 6-months follow-up in both groups. There
was no significant difference between the two
treatment modalities [156]. Due to the small sample sizes, relatively short follow-up periods, and
the lack of data regarding adverse effects in most
of these studies, large-scale high-quality studies
are warranted.

45.3.3.4 Amniotic-Derived Products
A few studies investigated the role of amniotic-
derived products for the treatment of plantar fasciitis. Cazzell et al. conducted a multicenter
single-blinded, randomized, controlled trial to
evaluate the safety and efficacy of micronized
dehydrated human amniotic/chorionic membrane (mDHACM) for the treatment of plantar
fasciitis. Fourteen sites enrolled 145 patients to
receive one injection of either mDHACM or
saline. At 3-months follow-up, there was a significantly greater decrease in VAS scores in the
mDHACM group (76%) compared to the control group (45%) (p < 0.0001). Greater reduction in the Foot Function Index—Revised
(FFI-R) scores was also observed in the
mDHACM group (p = 0.0004). There were four
serious adverse events that were determined as
unrelated to the study procedures. Two patients
in the treatment group complained of postinjection pain and one patient reported postinjection
itching [132]. Zelen et al. published a randomized, controlled, single-blinded study reporting
on 45 patients with chronic plantar fasciitis.
Patients were randomized to receive 2 milliliters
(mL) of 0.5% marcaine with either saline,
0.5 mL mDHACM, or 1.25 mL mDHACM. At
1-week follow-up, increase in AOFAS hindfoot
scores was 2.2 for the control group and 38.7
and 33.7 for the 0.5 mL mDHACM and 1.25 mL
mDHACM, respectively. At 8-weeks follow-up,
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AOFAS scores were 12.9, 51.6, and 53.3,
respectively. The mDHACM groups showed a
significantly greater increase when compared to
the control (p < 0.001 for all), but there was no
dose-related difference between the two
mDHACM groups [131]. Hanselman et al. performed a randomized, controlled, doubleblinded trial comparing one or two injections of
cryopreserved human micronized amniotic
membrane (c-hAM) versus corticosteroids for
patients with plantar fasciitis. Nine patients
were randomized to receive c-hAM, and 14
patients were randomized to receive a corticosteroid injection. Patients were offered to
undergo a second injection at 6-weeks followup and three patients from each group elected to
do so. While the majority of outcome measures
did not demonstrate a significant difference
between the groups of patients who received
one injection, patients receiving two injections
of c-hAM had a greater improvement in Foot
Health Status Questionnaire (FHSQ) pain score
at 18 weeks (p = 0.0113) [129]. Werber performed a prospective, open-label case series
using a cryopreserved micronized amniotic
membrane and amniotic fluid product (PalinGen
SportFLOW) in 44 patients with plantar fasciitis
and/or Achilles tendinopathy. By the fourthweek postinjection, there was a significant
decrease in the visual analog scale (VAS)
(p < 0.001). Pain relief was sustained for the
remainder of the study (up to 12 weeks). No
adverse events were reported by any of the
patients [130]. Early results of amniotic-derived
injections for plantar fasciitis are encouraging.
Further studies will hopefully allow determining the true role of these novel injectables
(Table 45.4).

45.3.4 Rotator Cuff Pathology

R. Gilat et al.

and Disability Index (SPADI) Scores from 6 weeks
to 6 months (17.7 vs. 29.5, p < 0.05) and reduced
pain in the LR-PRP group [159]. Kesikburun et al.
compared LR-PRP injection to a saline injection
for rotator cuff tendinopathy with a 1-year followup. They have found no difference in Western
Ontario Rotator Cuff Index [WORC], SPADI, or
VAS of shoulder pain with the Neer test at 1-year
follow-up (p = 0.174, p = 0.314 and p = 0.904,
respectively) [157]. A recent systematic review of
randomized controlled trials concluded that PRP
may not be beneficial in the short term for rotator
cuff disease. They did however state that this interpretation may be confounded by the lack of reporting of the cytology and characteristics of PRP
[161] (Table 45.5).
Augmentation of rotator cuff repair with
platelet-rich fibrin matrix (PRFM) has also been
studied by several high-quality studies [162–
182]. Saltzman et al. and Filardo et al. performed
meta-analyses that demonstrated no improvement in clinical outcomes or retear rates with
PRP augmentation [183, 184].
Hernigou et al. compared outcomes of rotator
cuff repair with (n = 45) and without (n = 45)
augmentation of BMAC derived from the iliac
crest. At 6 months, 100% of the BMAC group
demonstrated a healed rotator cuff on MRI, compared to 67% in the control group. Moreover, at
10-years follow-up, they found less additional
ruptures in the BMAC group [71]. Kim et al.
studied the effect of a single BMAC-PRP injection (n = 12) vs. rotator cuff exercise (n = 12) for
rotator cuff tear. The BMAC-PRP group had
lower VAS in 3 months (p = 0.039), but not in
3 weeks (p = 0.147). American Shoulder and
Elbow Surgeons (ASES) scores increased significantly more in the BMAC-PRP group at 3 months
(p = 0.011) [185] (Table 45.6).

Take-Home Messages
• There is sufficient evidence to recommend the
use of PRP for patellar tendinopathy that is
Several level-I studies assessed the efficacy of
refractory to a first line of conservative treatPRP for the management of rotator cuff tendinopment and that it is considered a safe treatment
athy [157–160]. Rha et al. performed a double-
option. Although, recent level-I study has
blinded, randomized, controlled study comparing
raised doubts regarding the benefits of PRP
two injections of LR-PRP to two dry needling sesfor patellar tendinopathy.
sions for rotator cuff; they report better Shoulder

No

No

2015

2016

Jain et al.

Mahindra
et al.

Author
Acosta-
Olivo et al.

LR-PRP

25

30

25

30

Sample size
Tested Control
Type of
intervention group group
PRP
14
14

PRP-30.7, PRP
CS-34.9,
NS-35.5

55.6

Year of
publication Athletes Mean age
2016
No
44.8

40 mg
triamcinolone +
Levobupivacaine
hydrochloride

Control group
2 mL Lidocaine
+2 mL
dexamethasone

2.5-3 mL PRP 2 mL methyl
prednisolone or
NS

Tested group
Lidocaine
+0.45 mL
10% Ca+2
Gluconate
+3 mL PRP
2.5 mL PRP

Intervention details

Table 45.4 Characteristics of level-I studies of orthobiologics in the management of plantar fasciitis

Yes

12

3

1

1

Yes

Favorable
result
No

Number of Follow-up
injections (months)
1
4

(continued)

At 12-months
the PRP group
had better
VAS, AOFAS,
and roles-
Maudsley
scores. At
3- and
6-months
follow-ups
there was no
significant
differences
between the
groups
At 3-months
follow-up, the
PRP group had
significantly
higher AOFAS
scores. Other
comparisons
between PRP
and CS were
not statistically
significant

Results
No difference
in VAS,
AOFAS, and
FADI scores.
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No

No

2013

Tiwari
et al.

Vahdatpour 2016
etal.

No

2015

Sherpy
et al.

Author
Monto
et al.

30

LR-PRP
Not
reported.
Range
30–85
PRP-45.4, LR-PRP
CS-47.1
16

25

16

30

25

Sample size
Tested Control
Type of
intervention group group
LR-PRP
20
20

PRP-37.5, LR-PRP
CS-38.5

Year of
publication Athletes Mean age
2014
No
PRP-51,
CS-59

Table 45.4 (continued)

3 mL PRP

5 mL PRP

Mepivacaine
→ PRP

Tested group
6 mL
bupivacaine
→ 3 mL PRP

1 mL Prilocaine
+1 mL
methyl
prednisolone
1 mL Lidocaine
+1 mL
methyl
prednisolone

Mepivacaine →
1 mL
triamcinolone

Control group
6 mL bupivacaine
→ 1 mL
methyl
prednisolone

Intervention details

3

6

6

1

1

1

Number of Follow-up
injections (months)
1
24

Yes/no

Yes

No

Favorable
result
Yes

Results
Significantly
greater
post-treatment
AOFAS scores.
PRP was more
effective and
durable than
CS injection
No significant
difference in
VAS and
FHSQ at
3 months.
Significantly
decreased VAS
scores in the
PRP group
The PRP group
had higher
VAS scores at
1- and
3-months
follow-ups, but
lower scores at
6-months.
Roles-
Maudsley
scores was
lower in the
PRP group at
1- and
3-months, but
greater at
6 months.
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No

No

Hanselman 2014
et al.

2018

c-hAM

mDHACM

mDHACM
mDHA
CM~49CS
-53

51

 1. 51,
2. 56,
NS-50

73

9

1. 15
2. 15

72

14

15

1 mL
mDHACM

c-hAM ±
repeat
injection at
6 weeks

2 mL 0.5%
Marcaine +
 1. 1.25 mL
mDHACM
2. 0.5 mL
mDHACM

4.5

1/2

1

DepoMedrol ±
repeat injection at
6 weeks

1 mL NS

3

2

1

2 mL 0.5%
Marcaine
+1.25 mL NS

Yes

Yes

Yes

Greater
decrease in
VAS and
FFI-R scores
in the
mDHACM
groups. No
difference
between the
mDHACM
groups.
No difference
in most
outcomes for
one injection.
Greater FHSQ
for patients
receiving 2
c-hAM
injections.
Greater
decrease in
VAS and
FFI-R in the
mDHACM
group at
3 months.

Abbreviations: AOFAS American Orthopaedic Foot and Ankle Society, c-hAM cryopreserved human amniotic membrane, CS Corticosteroids, ESWT extracorporeal shock wave
therapy, FADI Foot and Ankle Disability Index, FFI-R Foot Function Index—Revised, FHSQ Foot Health Status Questionnaire, mDHACM micronized dehydrated human
amnion/chorion membrane, NS normal saline, PRP platelet-rich plasma, LP-PRP leukocyte-poor PRP, LR-PRP leukocyte-rich PRP, VAS visual analog scale

Cazzel
et al.

No

Zelen et al. 2013
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No

No

Ilhanli et al. 2015

Nejati et al. 2017

PRP—52.5,
control—53.9

PRP—59.2,
control—59.7

PRP—45.5,
NS—51.4

30

22

LR-PRP

20

LR-PRP

LR-PRP

20

32

20

Sample size
Tested Control
Type of
intervention group group
LR-PRP
20
19

4 mL
LR-PRP

6 mL
LR-PRP

Physical
therapy

Physical
therapy

Intervention details
Tested
Control
group
group
<1 mL
<1 mL
Lidocaine lidocaine
→ 3 mL
LR-PRP
1 mL
1 mL
Lidocaine
lidocaine
→ 5 mL
→ 5 mL
NS
LR-PRP

2

1

1

Number
of
injections
2

Follow-up Favorable
(months)
result
Results
6
Yes
Better Shoulder and
Disability Index
Scores and reduced
pain in the PRP group
12
No
No difference in
WORC, SPADI, or
VAS of shoulder pain
with the Neer test at
1-year follow-up
12
Y/N
PRP group had
significantly better
DASH scores;
however, the physical
therapy group had
significantly better
ROM and VAS
6
No
Physical therapy
group had superior
functionality, ROM,
and decreased pain in
the first and third
months

Abbreviations: DASH Disabilities of Arm Shoulder and Hand questionnaire, NS normal saline, PRP platelet-rich plasma, LP-PRP leukocyte-poor PRP, LR-PRP leukocyte-rich
PRP, ROM range of motion, SPADI Shoulder and Disability Index, VAS visual analog scale, WORC Western Ontario Rotator Cuff Index

No

Kesikburun 2013
et al.

Author
Rha et al.

Year of
publication Athletes Mean age
2013
No
PRP—52.2,
control—53.9

Table 45.5 Characteristics of level-I studies of orthobiologics in the management of rotator cuff tendinopathy
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2011

2011

Castricini
et al.

No

2015

Randelli
et al.

No

2014

No

No

PRP—55.2,
control—55.5

PRP—61.6,
control—59.5

PRP—55.3,
control—54
PRP—60,
control—60.9

PRP—59,
control—59

PRFM

LR-PRP

LP-PRP

LR-PRP

LP-PRP

Malavolta
et al.
Jo et al.

No

43

26

37

27

41

45

27

37

27

41

PRFM + repair

6 mL
PRP + repair

20 mL
PRP + repair
3 mL PRP gel +
repair

7 mL
PRP + repair

Repair
alone

Repair
alone

Repair
alone
Repair
alone

Repair
alone

2–4 mL
Repair
LP-PRP + repair alone

2016

30

Holtby
et al.

30

LP-PRP

PRP—59.7,
control—59.5

2017

Ebert et al.

No

Sample size
Intervention details
Tested Control
Control
Type of
Tested group
group
intervention group group
PRP
20
20
16 mL
Repair
PRP + repair
alone

Year of
Author
publication Athletes Mean age
D’Ambrosi 2016
No
PRP—57.9,
et al.
control—62

Table 45.6 Characteristics of level-I studies of orthobiologics in the management of rotator cuff repair

(continued)

Number
of
Follow-up Favorable
injections (months) result
Results
1
6
Yes
PRP leads to a
reduction in pain
during a short-term
follow-up.
2
42
Y/N
Reduced pain and
maximal abduction
strength at midterm.
No additional benefit
to tendon integrity.
1
6
No
PRP had short-term
effect on pain;
however, no
significant impact on
patient-related
outcomes or
structural integrity
1
24
No
No beneficial clinical
results for PRP
3
12
Yes
PRP group had
significantly
decreased re-tear rate
and increased
cross-sectional area
of the supraspinatus,
but not the speed of
healing
1
24
Yes
Early reduced pain
with PRP. Positive
effect on healing of
rotator cuff at
long-term follow-up
1
16
No
PRFM did not
improve rotator cuff
healing
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2016

Zumstein
et al.

No

No

PRP— 65,
control—66

PRP—59.7,
control—64.5

LR-PRFM

LP-PRFM

17

30

18

30

PRFM + repair

PRFM clot +
repair

Repair
alone

Repair
alone

Sample size
Intervention details
Tested Control
Control
Type of
Tested group
group
intervention group group
LR-PRFM 39
37
PRFM + repair Repair
alone
Number
of
Follow-up Favorable
injections (months) result
Results
1
12
No
PRFM group had
improved integrity of
the rotator cuff;
however, no
improvement in
functional outcomes
1
12
No
No significant
improvement in
perioperative
morbidity, clinical
outcomes, or
structural integrity
1
12
No
No beneficial effect
in clinical outcome,
anatomic healing
rate, mean
postoperative defect
size, and tendon
quality

Abbreviations: PRFM platelet-rich fibrin matrix, PRP platelet-rich plasma, LP-PRP leukocyte-poor PRP, LR-PRP leukocyte-rich PRP, PPP platelet-poor plasma

2013

Weber
et al.

Author
Gumina
et al.

Year of
publication Athletes Mean age
2012
No
PRP—60,
control—63

Table 45.6 (continued)
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• High-quality evidence supports the use of
PRP injections for plantar fasciitis due to
slightly greater efficacy compared to corticosteroids, accompanied by a presumed lower
complications rate.
• Current literature is conflicting and heterogenous regarding the use of PRP for rotator cuff
pathology, Achilles tendinopathy, and for biologic augmentation of Achilles tendon repair.
• Studies reporting outcomes of cell-based therapies for the management of soft tissue injuries are limited. Early studies on
amniotic-derived injectables for plantar fasciitis are promising but are not sufficient to support formal clinical recommendations at this
point in time.
• In general, orthobiologics have yet to be thoroughly studied in specific soft tissue injuries
in athletes in general and basketball players in
particular; however many studies are on their
way, and they will shed light on the future of
this sprouting field.
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Introduction

quality evidence [4]. When attempting to optimize orthobiologic treatment for a specific
The use of orthobiologics has become increas- musculoskeletal injury, one has to consider addiingly common in the field of sports medicine to tional important factors which can affect treatenhance healing of soft tissue injuries. Despite ment outcomes, such as the local environment as
some promising outcomes reported and the surge well as tissue biomechanics and load vectors,
in orthobiologic use in sports medicine, clarity is which may influence optimal adherence, stabillacking with regard to the proper indications, ity, and potency of the orthobiologic agent in the
optimal orthobiologic product for each indica- injured tissue [5].
tion, preparation method and dosage, as well as
The purpose of this chapter is to review the
application method and protocol [1–3]. These best current evidence and recommendations on
variabilities have led to inconsistencies in both several orthobiologic treatment approaches in the
preclinical and clinical reported results. management of common ligament and muscle
Therefore, establishing an optimal treatment pro- injuries in basketball. In addition, regulatory
tocol for the various soft tissue sports injuries aspects will dictate potential utilization based
still presents a challenge due to the number of upon geographic considerations (i.e., in and outindependent variables and absence of high- side the United States).
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46.2

Ligament Injuries

Ligament injuries in basketball represent some of
the most severe injuries in terms of time loss
from play and are responsible for a substantial
burden of injury. Some of these injuries (knee
cruciate ligament injuries; ankle ligament injuries) may often require surgical management and
could lead to a permanently reduced level of
sports performance or even be career ending.
The clinical use of platelet-rich plasma (PRP)
for soft tissue injuries is based on previous preclinical studies investigating its effect on tendons,
muscles, and ligaments. Several basic science
studies have supported the application of growth
factors to increase collagen synthesis and for healing enhancement in ligament tissue [6, 7]. Early
studies of PRP use for ligament tissue in animal
models have shown promising healing potential
for both medial collateral ligament (MCL) and
anterior cruciate ligament (ACL) injuries [8–10].
These basic science studies have assisted in supporting and developing the concepts of PRP use
for ligament healing in the clinical setting, as well
as provide promising future directions.

46.2.1 Anterior Cruciate Ligament
Anterior cruciate ligament (ACL) tears are
among the most common severe sports-related
injuries and therefore ACL reconstruction surgery is one of the most frequently performed procedures in the field of sports medicine [11]. ACL
surgery relies upon both technical and biologic
factors to assure the highest likelihood of success. Various strategies have been attempted over
the years to improve ACL reconstruction (ACLR)
outcomes such as targeting the biologic healing
process to improve the graft’s healing capacity
and incorporation hoping to shorten return to
sports duration and reduce failure rates. For this
purpose, bio-
regenerative/orthobiologic treatment options have shown potential to improve
graft incorporation and strength from gene activation level through microenvironment optimization in order to possibly delay or prevent early
progression to osteoarthritis [12].

46.2.1.1

 asic Science and Preclinical
B
Evidence
Important preclinical work in the last two decades
has provided the basis to improve bio-regenerative
approaches to enhance ACL graft healing. Many
of the previous investigated regenerative agents
contain various growth factors (GFs) which have
demonstrated positive effects on various biological processes necessary for ACL healing such as
cell proliferation, cell migration, angiogenesis,
and extracellular matrix (ECM) production in
both in vivo and in vitro studies [13]. The fibroblast, the primary cell in the ACL, has receptors
for many of these GFs, such as transforming GF
b-1 (TGF-b1), fibroblast GF-2 (FGF-2), platelet-
derived GF (PDGF), insulin-like GF, epidermal
GF, and vascular endothelial GF (VEGF).
Therefore, these GFs have been the focus of
many preclinical studies. For example, TGF-b1,
FGF-2, and basic-FGF have been shown to have
a role in the repair process of a torn ligament by
regulating and improving cellular proliferation
and ECM production, as well as affect mesenchymal stem cells (MSCs) differentiation into
fibroblasts [6, 14, 15]. PDGF has been shown to
stimulate fibroblast growth, cell migration, and a
biologic cascade reducing the postoperative
release of proinflammatory factors [16], therefore potentially improving graft ligamentization
and incorporation potentially reducing graft failure risk [17]. TGF-b1 was reported to potentially
stimulate initial and overall healing in both histologically and biomechanically tested partial ACL
tears in animal models [18, 19]. Kondo et al.
reported significantly improved biomechanical
and histologic healing properties of injured ACLs
treated with TGF-b1 in a rabbit ACL injury model
when compared with controls [18]. Marui et al.
reported that TGF-b1 application resulted in up
to ×1.5 increase in collagen synthesis compared
with controls in both ACL and MCL fibroblasts
[7]. VEGF-augmented grafts demonstrated
improved vascularization and fibroblast infiltration compared to controls following ACL reconstruction in a sheep model although increased
graft laxity was evident at 12 weeks [20]. More
recently, blocking VEGF has been reported to
reduce angiogenesis, graft maturation, and bio-
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mechanical strength following an ACL reconstruction model in rats [21].
Murray et al. investigated the application of
clotted PRP in the gap of a transected ACL in a
porcine ACL repair model, reporting no beneficial
effect for PRP use compared with controls. They
concluded that the fibrin clot used was not sufficiently biologically stable and may have prematurely dissolved in the intra-articular environment
and synovial fluid containing plasmin [22]. These
observations led to the development of scaffolds
to hold the PRP at the ACL injury site and protect
it from the intra-articular environment and from
early degradation. In a later study, the same group
added PRP to a collagen hydrogel showing significantly increased cellular metabolic activity, a
reduced apoptotic rate, and collagen production
stimulation in cells from immature and adolescent
animals although less effect was achieved in adult
animal cells [23]. In a later study from the same
group, Vavken et al. combined a collagen scaffold
with autologous platelets, demonstrating significantly improved ACL repair outcomes in a porcine model. They reported primary repair
augmented with a collagen-PRP hydrogel resulted
in superior tissue mechanical properties compared with suture repair alone [24].
Several preclinical studies have investigated
the use of stem cells for the management of ACL
tears. A recent systematic review of the available
preclinical evidence of adult stem cells as a biological augmentation in the treatment of animal
anterior cruciate ligament (ACL) injury was performed by Guo et al. [25]. Thirteen animal studies
were included. Six of seven studies using bone
marrow-derived mesenchymal stem (stromal)
cells (BMSCs) reported a positive enhancement
in histology, biomechanics, and biochemistry
within 12 weeks postoperatively. Four studies
using ACL-derived vascular stem cells showed a
promoting effect in histology, biomechanics, and
imaging within 8 weeks postoperatively. Two
studies focusing on animal tendon-derived stem
cells (TDSCs) and human umbilical cord bloodderived mesenchymal stem cells (hUCB-MSCs)
reported promotable effects for the early healing
in a small animal ACL model. Authors concluded
that BMSCs, ACL-derived vascular stem cells,
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TDSCs, and hUCB-MSCs were shown to enhance
ACL healing during the early phase in small animal models. Oe et al. compared ACL regeneration
between groups subjected to intra-articular injection of either fresh whole bone marrow cells
(BMCs), cultured MSCs, or saline in partial ACL
tears in a rat model [26]. They concluded that
administration of fresh whole BMCs is an effective treatment for partial ACL rupture and reported
nearly normal ligament healing and strength compared with controls. Similar findings were
reported by Kanaya et al. following intra-articular
injection of MSCs showing improved ligament
healing with superior histologic features and a
greater load-to-failure compared with nontreated
controls in a rat model [27]. More recently, in
another rat model, Lui et al. added tendon-derived
stem cell sheets to ACL reconstructions. The
treated knees exhibited higher intra-articular graft
integrity with lower cellularity, improved cell
organization and vascularity, as well as better tunnel-bone mineral density, bone volume, and better
graft osteointegration compared to the control
group [28]. A recent study by Hur et al. reported
that the use of MSCs with ACL reconstruction
decreased tunnel widening in rabbit model [29].
Sun et al. investigated the effect of human bone
marrow stem cells (hBMSC)-CM on ACLR in a
rat model and reported that hBMSC-CM accelerated graft-bone incorporation, midsubstance ligamentization and enhanced fibroblast proliferation,
differentiation, and collagen synthesis [30].

46.2.1.2 Clinical Evidence
Clinical studies on the use of orthobiologics in
ACL surgery have focused on the following
applications: (1) Healing enhancement in partial
tears with or without repair; (2) healing enhancement in ACLR graft, focusing on osteoligamentous integration into the tibial and femoral tunnels
and maturation of the articular portion of the
graft, and (3) graft harvest site healing.
Partial ACL Tears
Management of partial ACL tears presents a significant challenge to clinicians as the natural history of these lesions is poorly understood and due
to the limited evidence regarding treatment

L. Laver et al.

590

options. Although it is generally accepted that
spontaneous healing capacity of the ACL following an injury is limited [31, 32], there are reports
on spontaneous healing of partial ACL tears [33,
34]. More recently, Nguyen et al. reported an
intrinsic healing response in the proximal third of
human ACLs with typical spontaneous healing
characteristics similar to the MCL, in a histological study investigating spontaneously reattached
tibial ACL remnants [35]. This evidence
prompted attempts to enhance the ACL’s healing
potential with or without repair.

ACL Healing Enhancement Without Repair

Seijas et al. reported a high return to sports rate in
19 professional soccer players with a partial ACL
tear treated with intra-ligamentous application of
platelet-rich growth factors (PRGF-Endoret) into
the intact bundle (Fig. 46.3) [36]. Administration
of 4 mL of this product, described by Anitua [37],
was performed during arthroscopy using a spinal
needle in both the proximal origin and the middle
portion of the intact bundle (Fig. 46.1). An additional injection of PRGF (6 mL) was administered
in the articular space at the end of the surgery,

a

b

c

d

Fig. 46.1 Intraoperative PRP infiltration of a partial ACL
tear with a mostly intact sheath into the proximal aspect of
the tear (a). The ligament has an “inflated” appearance

following the initial infiltration (b). Mid-substance ACL
infiltration (c). Distal ACL aspect infiltration (d)
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when the joint had been dried. Average time
between injury to surgery in this study was
5.8 weeks. Eighteen of 19 players were able to
return to their previous level of play, with 15 players (Tegner level 9) returning to play at an average
of 16.20 weeks (1 re-rupture at 7 months), while
the 3 patients playing at a higher level (Tegner
level 10) returned at an average of 12.33 weeks.
One patient was not able to return to sport due to
significant cartilage lesions. No notable complications were reported in any of the patients in the
study. A postoperative magnetic resonance imaging (MRI) at 1 year from surgery showed complete
ligamentization and good anatomic organization
of the remnant in all patients. In a recent study,
Koch et al. evaluated 42 patients following an
intra-ligamentous autologous conditioned plasma
(ACP™, Arthrex, Florida, USA) by clinical scoring and functional performance assessment at a
mean 33 months follow-up [38]. Failure was
recorded in 4 patients (9.5%). Good to excellent
results were reported on all outcome scores.
Clinical examination showed marked improvements from the preoperative status in terms of the
Lachman test, pivot shift phenomenon, and a significant reduction in AP laxity (rolimeter preoperative: 1.9 (SD 1.4); postoperative 0.6 (SD 1.8),
p = 0.001) in all patients. Functional performance
testing showed no significant differences between
the injured and healthy side. Return to sport was
achieved at a mean of 5.8 months (SD 3.6) in
71.1% of patients with a subjective return to preinjury sports activity in 85.8% (SD 19%). Notably,
the absence of a control group with equivalent
pathology, it makes it difficult to conclude that the
addition of PRP in either of these studies was
responsible for the functional outcome.
Only one study reported the use of bone marrow aspirate concentrate (BMAC) for ACL tears.
Centeno et al. published a small case series of 10
patients with ACL tears treated with a fluoroscopically guided intra-ligamentous injection of
autologous bone marrow concentrate and PRP
[39]. Assessments involved ACL laxity and tear
grade on MRI and patients with partial and complete ACL tears with less than 1-cm retraction
were included. Pre- and post-injection MRIs
were obtained and objectively assessed through
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five different types of measurements of ACL
pixel intensity for ligament integrity. Seven of ten
patients showed improvement in at least four of
five of these objective MRI measures.
Improvements in mean visual analog scale (VAS)
and mean Lower Extremity Functional Scale
were documented, as well as mean reported
improvement of 86.7%.
ACL Healing Enhancement With
Partial Tear Repair

Gobbi et al. assessed the clinical outcomes of adding a PRP injection to ACL suture repair in addition to microfracture of the intercondylar notch in
58 athletes with partial ACL tears, with a 5-year
follow-up [40]. They reported that 78% of the
patients returned to their sports activities. They
also reported a statistically significant decrease in
side-to-side difference in anterior translation,
from 4.1 mm (SD ¼ 1.6) preoperatively to 1.4 mm
(SD ¼ 0.8) postoperatively at 5 years (P < 0.05).
Four patients had a re-tear during sporting activity
and underwent ACLR within 2 years from the primary repair surgery. The authors concluded that
ACL repair + i ntercondylar notch microfracture +
PRP was an effective technique to restore knee
stability and function for acute partial ACL tears
in young individuals.
ACL Reconstruction
Assessment of orthobiologics use in ACL reconstruction surgery has focused on three main
parameters: (1) Maturation of the articular portion of the graft, (2) osteo-ligamentous integration of the graft into the tibial and femoral
tunnels, and (3) clinical outcomes [41]. ACL
graft maturation is most commonly assessed on
MRI, with a low homogeneous intensity signal
on T2-weighted and proton density-weighted
MRI accepted as likely indicative of a maturing
ACL graft. Several studies have shown improved
graft maturation with PRP [42–45], while others
reported no significant differences [46, 47]. A
recent systematic review of 11 controlled trials
concluded that PRP likely improves ACL graft
maturation by up to 50% [17]. The authors suggested insufficient sample size as a potential
explanation for lack of statistical significance
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despite MRI improvement in measuring ACL
graft maturation.
In the only study where histologic samples
were obtained from PRP augmented ACL grafts,
Sanchez et al. compared PRGF-assisted ACLRs
(n = 22) to nonaugmented ACLRs (n = 15) in
which a second-look arthroscopy was required
(for either loose body or hardware removal,
meniscal tears treatment, or cyclops lesions
resection) at a minimum of 6 months [45].
Histologic analysis showed that newly formed
connective tissue enveloping the graft was present in 77.3% of the PRP group compared to 40%
in controls.
In a prospective randomized trial, Radice et al.
compared 25 patients treated with ACLR in combination with PRP (GPS System, Biomet) to a
control group of 25 patients who underwent surgery alone matched for age and gender [43].
They included 15 bone-patellar tendon-bone
(BTB) autografts and 10 hamstrings autografts in
each group. For the BTB autografts, 5 mL of activated PRP was added to an absorbable gelatincompressed sponge (Gelfoam; Pfizer, Ixelles,
Belgium) and sutured to the femoral plug and
intra-articular parts of the graft, acting as a scaffold. For the hamstrings autografts, the same
product was placed between the folded tendons
and sutured in a similar manner. Monthly MRIs
were performed from 3 to 9 months post-op to
track the homogenization curve of the intra-articular portion of the graft, showing time to complete homogeneity in the PRP group was 177 days
compared to 369 days in the control group.
Moreover, in an analysis of the BTB autograft
subgroup, the maturation time in the PRP group
was 109 days versus 363 days in BTB controls.
The authors concluded that PRP use in ACLR
accelerates graft maturation by half of the
expected time, with an additional reduction in
maturation time from 12 months to 3.6 months
when used in BTB autograft ACLR.
While several studies focused on the assessment
of graft osteo-ligamentous integration (graft–bone
tunnel incorporation) reported improved characteristics, there is a lack of sufficient evidence showing
its correlation with clinical benefit of PRP use in
ACLR [46, 48]. In a randomized, controlled, dou-
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ble-blind study, Vogrin et al. investigated the effects
of PRP gel application in hamstring autograft ACL
reconstruction in 50 patients (25 thrombin-activated
PRP-soaked grafts and 25 controls) [47]. They
reported MRI evidence of improved vascularization
along the ACL graft–bone interface at 3 months in
the PRP group, with improved anterior–posterior
instrumented knee stability measurements using a
KT-2000 (MEDMETRIC; San Diego, CA)
arthrometer at 6 months. However, in another double-blind, randomized controlled trial (RCT)
involving 100 patients undergoing ACLR with BTB
allograft (50 treated with platelet-enriched gel and
50 controls), Nin et al. reported no difference in
International Knee Documentation Committee
(IKDC) scores and KT-1000 arthrometer measurements (MEDmetric, San Diego, CA). Ventura et al.
reported no differences in knee injury and osteoarthritis outcome score (KOOS), Tegner scores, or
anterior–posterior instrumented knee stability measurements using a KT-1000 (MEDMETRIC; San
Diego, CA) measurements between the PRP-treated
group and control subjects at six following ACLR,
despite the evidence of significant difference in
graft appearance [49]. Orrego et al. similarly found
no significant benefit in both Lysholm and
International Knee Documentation Committee
(IKDC) scores at 6 months post-ACLR, despite a
favorable effect of PRP on graft maturation. Other
studies have similarly reported limited to no evidence to support the use of PRP to augment ACL
graft–bone tunnel incorporation [50–53]. An interesting observation from the existing literature is that
nearly all of the studies used (leukocyte-
rich)
LR-PRP formulations, which have been known to
increase local tissue inflammation and thus may
delay or alter healing [54].
In a recent retrospective cohort of 151 knees
in 143 patients ≤21 years of age in which hamstrings autograft ACLRs were augmented with
PRP and a porous collagen carrier, Berdis et al.
reported a decreased rate of second ACL injury,
as well as reduced rates of ACL revision surgery.
The patients in this study also show higher return
to preinjury level of competition, with 132 returning to competitive sports at a pre-injury level, out
of which 39 basketball players, and at an average
of 22 weeks postsurgery [55].
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ACL Reconstruction + Stem Cells/Cell-
Based Therapy
Recently, Alentorn-Geli et al. published clinical
outcomes of 20 soccer players undergoing ACL
reconstruction using BTB autograft infiltrated
with adipose-derived regenerative stem cells
(ADRC) at the end of the procedure, with a
12-month follow-up [56]. This cohort was compared to a historical, matched cohort of 19 soccer players undergoing the same procedure
without ADRC. They reported no significant differences in outcomes improvement between
groups across time (p > 0.05). All patients
returned to sports after surgery, but 8 (40%)
patients in the ADRC and 13 (68.4%) patients in
the control group had lower Tegner activity score
at 12 months postop.
PRP for ACL Harvest/Donor Site
Another utilization of PRP use in ACLR focused
on its influence on donor site (graft harvest site)
pain and healing, with several clinical studies
presenting promising early results. De Almeida
et al. reported that adding PRP to the patellar tendon harvest site resulted in better immediate
postoperative pain scores, and less patellar tendon gapping on MRI at 6 months from surgery
[57]. In a double-blind RCT, Seijas et al. reported
decreased anterior knee pain following PRGF
application to BTB harvest site in ACLR, compared to controls [58]. In another study, Cervellin
et al. 128 did not find a significant difference in
VAS pain scores, but the PRP group had a significantly higher VISA score [59]. A recent double-
blinded RCT by Walters et al. in which PRP was
applied to the harvest site in BTB ACLR showed
less favorable results with similar levels of kneeling pain and patellar defect sizes in both the PRP
and control groups [60].
Future Directions
New approaches are continuously being developed in an attempt to harness the advantageous
regenerative properties in orthobiologics to
enhance the existing healing potential of the
ACL. One interesting direction was introduced
by Murray et al. following many years of preclinical studies [61]. They introduced a technique
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using a collagen scaffold soaked with whole
blood to deliver platelets in combination with a
novel bio-enhanced primary repair technique
using a suture stent, called: bridge-enhanced
ACL repair (BEAR technique). Use of this technique in an animal model was reported to result
in equivalent biomechanical properties between
the repaired ACL equivalent and an ACLR at 3, 6,
and 12 months postsurgery [24]. Furthermore,
this novel technique of bio-enhanced repair prevented the development of cartilage lesions,
which were seen 12 months after untreated ACL
transection and ACLR in an animal model. In a
recent first clinical trial with the using BEAR
technique in humans, ten patients underwent
treatment using the BEAR technique compared
to ten hamstrings autograft ACLRs [62]. Authors
reported that the BEAR group produced similar
outcomes to ACLR with a hamstring autograft at
12 and 24 months postsurgery, measured by subjective and objective IKDC scores, stability measures by arthrometer, and in functional hop
testing. The BEAR group presented with higher
hamstring strength indices.

46.2.2 M
 edial Collateral Ligament
(MCL)
Medial collateral ligament (MCL) injuries are the
most common knee ligament injuries.
Spontaneous healing and nonoperative management is the usual clinical scenario in the large
majority of cases [63]. Thirty-five MCL injuries
have been recorded in female collegiate and high-
school basketball between 2009–2010 and 2013–
2014 seasons, and 33 injuries in males [64].
While the MCL has shown to have good healing
potential [31], it has been reported that these
injuries can lead to chronic pain, laxity, joint
instability, and possibly osteoarthritis [65]. These
injuries often present a serious problem to athletes as they can result in significant time away
from sports in the competitive context. Several
attempts have been made to enhance the healing
process of the MCL with orthobiologic therapies
and restore the normal ligament functionality as
much as possible.
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Early preclinical evidence suggested promising properties of PRP use for MCL injury with
enhanced healing potential in animal models [8–
10]. However, later studies reported less favorable results. Yoshioka et al. observed significantly
improved structural properties of rabbit MCLs
treated with PRGF (LP-PRP) compared to controls [66]. Conversely, Amar et al. reported no
histological or biomechanical differences
between PRP-treated MCLs and controls in a rat
model [67]. More recently, LaPrade et al. reported
that either a single dose of platelet-poor plasma
(PPP) or a 2-times dose of PRP at the time of
injury did not accelerate ligament healing.
Moreover, a 4-times dose of PRP resulted in a
significant negative effect on collagen orientation
and ligament strength (compared to a sham
group) at 6 weeks post injury.
Reports on clinical use of PRP for the treatment of MCL injuries are limited with the majority being in the form of case reports [68–70].
Recently, Lundblad et al. reported the use of PRP
injections for MCL injuries in 20 elite-level football players out of a prospective cohort of 130
players over three full seasons (2 players with
MRI grade I; 17 players with MRI grade II; and 1
player with MRI grade III MCL injuries) [71].
There were no differences in lay-off times in
players treated with PRP or not, in grade II MCL
injury grading (n.s.). However, there is no information on which type of PRP was used, how
many injections were administered, time from
injury to injection, MCL area involved as well as
post-injection protocol (variance in brace administration was reported in this study), all factors
which substantially limit the quality of any conclusion drawn from this study with regard to the
use of PRP for treatment of MCL injuries.

46.2.3 Ankle Sprains
Ankle sprains have been highlighted in most epidemiologic studies as the most common type of
injury in basketball across age groups, genders,
and all levels of play [72–76]. To date, there are
very few high-level studies analyzing the use of
PRP injections for ankle or high-ankle sprains,
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with two published RCTs (one for ankle sprains
and one for high-
ankle sprains). In a doubleblinded placebo-controlled RCT, Rowden et al.
compared ultrasound-guided LR-PRP injections
with local anesthetic versus normal saline injection with local anesthetic for acute ankle sprains
in 37 patients [77]. Primary outcome measures
were VAS pain score and Lower Extremity
Functional Sale (LEFS) on day 0 (baseline), day
3, and day 8. This study had various limitations,
apart from the small sample size and short followup, with lack of documentation of ankle sprain
grade. All patients were treated with a posterior
splint with non–weight-bearing restrictions for
3 days. Pain medication was given at the physician’s discretion with no documentation as well.
The investigators found no statistical difference in
VAS pain score or LEFS between the two groups.
In a recent, small RCT in 21 patients with grade II
lateral ankle sprain, 12 ankles were treated with a
single PRP injection to the anterior talofibular
ligament (ATFL) and rigid immobilization compared to a control group of 11 patients treated
with rigid immobilization alone. The PRP group
showed better pain reduction and better functional
scores than the control group at 8 weeks, but clinical outcomes were similar in both groups at
24 weeks [78].
In another RCT, Laver et al. treated 16 elite
athletes diagnosed with high ankle sprains, with
either an ultrasound-guided LP-PRP injection to
the antero-inferior tibiofibular ligament (AITFL)
at initial presentation with a repeat injection
7 days later in conjunction with a rehabilitation
program (eight athletes), versus a rehabilitation
program alone (eight athletes) [79]. Primary outcomes were measured by return to play (RTP)
and dynamic ultrasound studies. All patients followed the same rehabilitation protocol and RTP
criteria. They reported the LP-PRP group
returned to play in a shorter period of time
(40.8 days) compared with the control group
(59.6 days, P < 0.006). Only one patient had
residual pain following RTP in the PRP group,
whereas five patients had residual pain in the
control group. No significant difference was
seen on dynamic ultrasound examination in
external rotation between the two groups 6 weeks
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post injury. In another study, Samra et al. treated
ten Rugby Union players with a single PRP
injection into the AITFL within 14 days of an
MRI confirmed ankle syndesmosis injury. A historical control group included 11 comparable
Rugby Union players [80]. They reported a significantly shortened RTP time (p = 0.048).
Additionally, athletes in the intervention group
showed higher agility (p = 0.002) and vertical
jump (p = 0.001), as well as a lower level of fear
avoidance associated with rugby (p = 0.014).
They concluded that a single PRP injection for
high ankle sprains may accelerate a safe and successful return to Rugby Union, with improved
functional capacity [80].
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become the standard of care for UCL deficiency,
orthobiologics may play a role in athletes during
mid-season in order to postpone surgery, as an
adjunct during surgery to promote healing or as a
sole treatment in mild UCL injuries and patients
who elect conservative treatment.
Literature supporting the use of orthobiologics in UCL injuries is limited. Dines et al. published a retrospective series of 44 baseball players
with partial UCL tears treated with PRP injections and rehabilitation protocol [84]. They
reported that 32 patients (73%) had a good to
excellent outcome and that 67% of professional
players returned to professional play. Podesta
et al. treated 34 athletes who failed 2 months of
conservative treatment for a partial UCL tear,
with a PRP injection under ultrasound. They
reported that 88% of patients returned to the
Fact Box
same level of play without complaints and the
Current evidence has not shown PRP to be
average time to return to play was 12 weeks.
efficacious in acute ankle sprains; however,
Only one patient suffered persistent UCL instaevidence suggests that LP-PRP injections
bility and underwent surgery [85].
may be beneficial in the management of
A recent study, McQueen et al. performed a
high ankle sprains to reduce return-to-play
comparative analysis of nonoperative treatment of
time and decrease incidence of residual
UCL injuries in professional baseball players with
pain in elite athletes. Further high-quality
or without PRP. The Health and Injury Tracking
evidence is needed to define the role of
System (HITS) was reviewed, and the authors of
PRP and cell-based therapies in ankle and
the study found that players who received a PRP
high-ankle sprains.
injection had longer time before returning to
throwing (64 days vs. 51 days, p < 0.001); however, they concluded it might be due to a delay
46.2.4 Ulnar Collateral Ligament
between the injury date and PRP injection (mean
of the Elbow Injuries
time from injury date to PRP injection was
14.5 days). There was no significant effect on the
Ulnar collateral ligament (UCL) tears and subse- likelihood of surgical intervention [86].
quent medial elbow instability are highly prevaMore recently, Kato et al. published a series of
lent and dreadful injuries in athletes participating 30 baseball players with partial or complete UCL
in overhead throwing sports, particularly baseball injuries (9 grade 1 UCL injury; 13 grade 2; 8 grade
pitchers. Additionally, javelin throwers, arm 3) who failed 2 months of conservative treatment,
wrestlers, and collegiate wrestlers are also at risk and were treated with ultrasound guided trephinafor these types of injuries [81]. Since Jobe et al. tion and an LP-PRP injection (ACP™, Arthrex,
performed the first medial ulnar collateral recon- Florida, USA) [87]. They reported that 26 out of
struction in 1974, this once considered career- the 30 athletes were able to RTS at pre-injury level
ending injury has become a surgically treatable of play at an average of 12.4 weeks (range: 10–18),
pathology in most athletes with moderate to while four athletes required surgery (3 grade 2; 1
excellent rates (53–90%) of return to play at a grade 3; 3 had distal tears; and 1 proximal).
professional level (depending on the author) [82, Improvements were recorded in visual analog
83]. Although the Tommy John procedure has scale (VAS) scores, Disabilities of the Arm,
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Shoulder, and Hand (DASH) sports module scores,
and sonographic ulno-humeral joint space opening
with valgus stress.
To date, limited evidence exists on outcomes
of management of UCL injuries using cell-based
therapies.

46.2.5 Muscle Injuries
Muscle injuries are very common among athletes in
general and basketball players in particular; In a
recent prospective follow-up study of 59 male professional European basketball players, muscle injuries were found to have a higher incidence than
ankle sprains, accounting for 21.2% of all injuries,
with similar return to play (RTP) time of
7.6 ± 7.1 days for muscle injuries compared to
8.4 ± 9.5 days for ankle injuries [88]. This presents
a significant problem for basketball team clinicians
as management of muscle injuries can often be
challenging no less than ankle injuries, as shown in
this study [88]. Muscle injuries in the athlete can be
classified into intrinsic and extrinsic injuries.
Intrinsic muscle injuries occur most commonly at
the myotendinous junction during eccentric contraction with tearing of the muscle fibers. Extrinsic
muscle injuries in the athlete occur most commonly
as a result of a contusion injury [89]. Conservative
management has been the mainstay of treatment for
most muscle injuries and usually consists of rest,
ice, compression and elevation (RICE protocol),
physiotherapy, NSAIDs, and time [90]. Aiming to
promote early return to play, decrease recurrence
rates and minimize fibrosis and subsequent muscle
weakness, newer treatment modalities have been
introduced into the field, including PRP and cell
therapy [89, 91].
Muscle tissue regeneration is commonly limited by scar tissue formation, rather than by the
rate of muscle regeneration [92, 93]. While the
potential benefit of orthobiologics use for muscle
injuries is not only early return to sports but also
improved tissue healing with improved structural
properties, potentially reducing the risk of recurrence, most clinical studies have only focused on
return to sports rates and durations. With this in
mind, Terada et al. performed a preclinical study
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assessing muscle healing of contusion-injured tibialis anterior muscle in mice with combined treatment of an oral antifibrotic agent (Losartan) and
PRP [94]. The study showed increased muscle
regeneration and function, along with decreased
fibrosis in the experimental group. In vitro work
has shown that PRP use can lead to myoblast proliferation, but not to myoblast differentiation,
which is important in producing muscle tissue
[95]. Furthermore, some growth factors contained
in platelets, specifically myostatin and TGF-b1,
have been proven detrimental to muscle regeneration [96, 97]. Several other preclinical studies
involving the injection of PRP alone for gastrocnemius muscle injury in mice and rats have shown
mixed results regarding the acceleration of tissue
healing [98–103] performed controlled laboratory
studies which suggested that platelet poor plasma
(PPP) and PRP preparations subjected to a second
spin to remove platelets led to the induction of
myoblast cells into the muscle differentiation pathway [102, 103]. PRP that was not modified with a
second spin led to induction into the muscle proliferation pathway. They concluded that these results
suggests that PPP and LP-PRP subjected to a second spin to remove platelets could be used to stimulate muscle differentiation and subsequent
muscle regeneration [102, 103].
Several studies have reported positive outcomes of autologous conditioned serum (ACS)
and PRP injections for the treatment of muscle
strains. Wright-Carpenter et al. have reported significantly shorter recovery time in a case–control
study of professional sportsmen with various
muscle strains who were treated with ACS [104].
Sanchez et al. have reported the use of PRP in
muscle injuries of different severities in 21 professional soccer players. Their results suggested
the PRP group required half the time to resume
normal training activities when compared to
matched historical controls [90]. Rossi et al. performed a randomized controlled trial comparing
a rehabilitation program alone vs. a rehabilitation
program plus a PRP injection for muscle injury
(Hamstrings, quadriceps, and gastrocnemius)
[105]. They presented significantly earlier full
recovery (21 days vs. 2 days) and significantly
lower pain scores in the PRP group.

46 The Role of Orthobiologics for the Management of Ligament and Muscle Injuries in Sports

We are unaware of clinical studies supporting
the use of BMAC or other cell-based therapies in
the management of muscle injuries.

46.2.6 Hamstring Muscle Injuries
Hamstrings injuries are one of the most common injuries in professional athletes and is also
common in basketball [106], usually dictating a
prolonged rest period and delayed return to play
even in mild injuries. Hamid et al. published a
randomized controlled trial of 28 patients comparing a rehabilitation program with and without a PRP injection for hamstrings injury [107].
They found shorter time to return to play in the
PRP group (26.7 days) when compared to the
rehabilitation alone group (42.5 days). Another
recent prospective study by Bezuglov et al.
reported similar results in 40 soccer players
[108].
Other studies on outcomes of PRP injections
in hamstrings injuries, however, do not support
its use. Reurink et al. performed a double-blind,
placebo-controlled, randomized study on 80 professional and recreational athletes with acute
hamstrings injuries treated with two intramuscular injections of PRP or isotonic saline [109].
They found no benefit for intramuscular PRP
injections for acute hamstrings tears. Several
other studies reported the lack of benefit for intramuscular PRP injections for acute hamstrings
tears [110–113].
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Our personal approach to orthobiologics use
for muscle injuries depends on the extent of muscle injury and would be considered in cases where
true and significant muscle fibers disruption is
confirmed on imaging studies. In cases where
hematomas or seromas are present, they are evacuated under ultrasound guidance to decompress
the area of injury; if and once the hematoma is
evacuated, a platelet poor fraction (i.e., Fraction
1—F 1 in PRGF) is activated and injected into the
injury site and adjacent peripheral healthy muscle
(Fig. 46.2). We primarily prefer to use the platelet-poor fraction since it has a reduced concentration of the pro-fibrotic factor TGFβ-1, unlike the
platelet-rich fraction, which is adjacent to the
buffy coat layer or leukocytes sediment; Repeated
ultrasound (US) or MRI imaging is used to follow
healing progression and assess for excessive
fibrosis which may predispose to reinjury.
Repeated injections may be applied at a minimum
of 1 week intervals and are based on US imaging
(to assess muscle tissue damage) and symptoms.
While the majority of muscle injuries are
managed conservatively, another potential application of orthobiologics use for muscle injuries is
in scenarios requiring surgical management.
Such scenarios include: Complete or extensive
musculo-tendinous junction (MTJ) avulsion in
athletes, chronic symptomatic limiting injuries,
and/or symptomatic nerve involvement. In such
cases, for example in hamstrings and rectus femoris proximal injuries which are of severe definition in athletes, orthobiologics use could be
considered during to surgery, with platelet-poor
plasma fraction infiltration into and around the
repair site (Fig. 46.3).

Fact Box

Current literature does not provide sufficient evidence to support the use of PRP
for muscle injury; however, many studies
are relatively heterogenous regarding
injury type and preparation method.
Laboratory studies suggest PPP or LP-PRP
with platelets removed may induce muscle
regeneration. Further high-quality evidence is needed to define the role of PRP
and cell-
based therapies in muscle
injuries.

46.3

Summary

Orthobiologics have emerged in recent years as a
safe and promising treatment option for musculoskeletal injuries and pathologies. However, evidence of its efficacy has been mixed and highly
variable depending on the specific indication.
Current evidence presents large heterogeneity in
the various orthobiologic products, protocols,
and characteristics making interpretation of existing literature a complicated task. Recent litera-
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Fig. 46.2 (a) Ultrasound image of an extensive soleus
muscle injury and the area of surrounding hematoma
(Arrow; black area inside the muscle); (b) Hematoma
evacuation using a 10 cc syringe; (c) Injection of platelet-

poor plasma (PRGF F1 fraction, Endoret ® System) intramuscular injection using a 10 cc syringe; (d) PRGF
fractions distribution following centrifugation

Take Home Messages

Fig. 46.3 Surgically repaired proximal rectus femoris
MTJ injury. With platelet-poor plasma being injected into
the repair site

ture has shown orthobiologics to have promising
potential in improving tissue regeneration in laboratory and animal studies; however, results in
the clinical setting have been mixed and variable
in demonstrating consistent efficacy. Future high-
quality large clinical trials are necessary to determine the true clinical value of these treatment
options.

• The best available clinical evidence
does not demonstrate efficacy of PRP
injections for ACL reconstruction.
• There is currently insufficient high-
quality evidence for the recommendation of PRP injections in high ankle
sprains, but small clinical trials have
shown promising efficacy for LP-PRP
injections for high ankle sprains.
• There is sufficient evidence to consider
the use of PRP for UCL injuries that are
refractory to a first line of conservative
treatment; however, there are conflicting
results reported and athletes who have
significant restrictions on time lines for
return to sport must weigh that factor
into the decision process.
• Current literature is conflicting and heterogenous regarding the use of PRP for
muscle injuries, while preclinical stud-
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ies suggest that PPP may hold promise
for muscle injuries. Further high-quality
clinical trials are necessary to validate
this.
• There is lack of sufficient studies to support cell-based therapies for the management of soft tissue injuries and
therefore concrete evidence-based clinical recommendations cannot be made.
• In summary, orthobiologics have yet to
be thoroughly studied in specific soft
tissue injuries in athletes in general and
basketball players in particular. Future
high-quality studies in these populations
will unveil the true clinical value of this
emerging field.
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47.1

Cartilage Injuries

47.1.1 Introduction
Articular cartilage injuries in the athlete represent a significant source of pain and disability,
resulting in time lost from play and predisposing
athletes to early joint degeneration and shortened
athletic careers [1, 2]. Athletes competing in
sports requiring repetitive, high-impact loading
such as basketball are particularly susceptible to
chondral injuries secondary to acute traumatic
episodes or repeated loading over time. A systematic review of 11 studies, comprising 931
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American basketball, football, and endurance
running athletes reported chondral defects to be
present in up to 36% of knees [3]. Combined with
the rising incidence of athletic participation at all
levels of competition, a growing incidence of
sports-related injuries to the articular cartilage
has been reported [4–6], with a consequential
increase in surgical procedures being performed
annually for chondral injuries [7–10].
Particularly in basketball players, the integrity
of articular cartilage is essential to optimize joint
motion and minimize friction while providing
support for the mechanical joint stresses placed
across the knees during jumping, running, and
cutting [11]. However, due to the poor inherent
healing capacity of cartilage, secondary to the
aneural, avascular nature of chondrocytes, the
intrinsic potential for repair is minimal, with
injured cartilage substituted by fibrocartilage [12–
16]. Moreover, continued loading on injured cartilage has been shown to result in the accumulation
of degradative enzymes and cytokines, leading to
disruption of the collagen ultrastructure, resulting
in further chondral damage [17–19]. As such,
articular cartilage injuries represent a therapeutic
challenge in the athlete due to the high functional
demands placed on the articular surfaces and the
athlete’s desire to return to the same or higher levels of competition following injury [20].
The goal of returning athletes to pre-injury levels quickly following chondral injuries while minimizing the risk for development of long-term
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chondral degeneration has led to increased interest in the use of minimally invasive treatment
options [21–24]. Specifically, increased attention
has focused on the use of orthobiologics both as
an isolated, nonoperative treatment modality and
as an adjunct therapy during operative cartilage
restoration procedures to promote cartilage healing and regeneration [6, 20, 22, 24]. Orthobiologics
are defined as naturally occurring substances in
the human body used to improve healing of
injured cartilage, muscle, tendon, ligaments, and
fractures [16]. Orthobiologics currently utilized
for the treatment of sport-related chondral injuries
include platelet-rich plasma (PRP), bone marrow
aspirate concentrate (BMAC), and mesenchymal
stem cells (MSC). The purpose of this chapter is
to review the current literature on the use of orthobiologics in the treatment of articular cartilage
injuries in the athlete.

47.2

Platelet-Rich Plasma

The use of PRP in isolation or as an adjunct to
surgery for the treatment of sports-related chondral injuries in the athlete has gained significant
interest in recent years [25–28]. PRP is defined as
harvested autologous biological blood, concentrated via centrifuge to contain 1.5–2 to around a
ninefold increase in platelet concentration compared with baseline endogenous serum levels
[29, 30] or more than one million platelets per
milliliter of serum although these values may not
be agreeable by all, and reports of higher concentrations exist as well as commercially available
products [31, 32] (Figs. 47.1 and 47.2). Injection
of PRP leads to platelet activation, while also
stimulating the release of various growth factors
and cytokines [22, 30]. These biologic mediators
include vascular endothelial growth factor
(VEGF), platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF), insulin-like
growth factor-1 (ILGF-1), interleukin-1β, interleukin-
10, and tumor necrosis factor-β [33].
These growth factors and cytokines have been
shown to activate biologic pathways, providing
anti-inflammatory effects, while stimulating
matrix synthesis, endothelial growth, angiogene-

Fig. 47.1 Platelet-rich plasma (PRP) before centrifugation

Fig. 47.2 Platelet-rich plasma (PRP) after centrifugation
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sis, collagen synthesis, cell proliferation, and cell
differentiation to initiate tissue healing [15, 16,
22, 34–37]. PRP preparations are traditionally
divided based on leukocyte concentration, separated into leukocyte-rich PRP (LR-PRP) and
leukocyte-poor PRP (LP-PRP) preparations [18,
38]. Prior studies have shown that LR-PRP creates a less ideal environment for chondral repair
and detrimental to clinical outcomes through the
expression of pro-inflammatory markers and catabolic cytokines [39, 40].
The widespread use of PRP, coupled with the
relative ease and safety of obtaining autologous
PRP with little risk to the patient, have made the
use of PRP an attractive option for the management of cartilage injuries [33, 41]. However,
there remains limited evidence on the efficacy of
PRP for the treatment of cartilage injuries, particularly in the athlete. As such, while the majority of clinical investigations have examined
outcomes associated with PRP use in non-
athletes, multiple investigations have reported
superior outcomes associated with the use of
PRP treatment in younger patients with less
severe degenerative chondral changes in the
knee, comparable to the athletic population. Kon
et al. compared 50 patients with symptomatic
knee osteoarthritis (OA) undergoing three PRP
injections to 100 patients treated with either high-
molecular-weight hyaluronic acid (HA) or low-
molecular-
weight HA. The authors found that
PRP provided improved outcomes and a longer
duration of efficacy in reducing pain and symptoms based on visual analog scale (VAS) and
International Knee Documentation Committee
(IKDC) scores [42]. When analyzed based on
patient age and degree of osteoarthritic changes,
superior results were reported in younger and
more active patients with lower degrees of cartilage degeneration. Cole et al. similarly reported
in their double-blind, randomized controlled trial
of patients with unilateral knee OA comparing
LP-PRP to HA injections that patients with mild
OA and lower body mass index experienced significantly better outcomes [43]. Meanwhile, the
systematic review by Campbell et al. examining
three meta-analyses comparing the use of PRP
injection to the knee versus corticosteroids, HA,
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oral nonsteroidal anti-inflammatory drugs, or
placebo found increased benefit for using PRP
with reduced pain, improved range of motion,
and quality of life in patients with focal chondral
defects and early mild to moderate osteoarthritis
[44]. Moreover, assessing athletes at the end of
their career with chronic knee pain secondary to
degenerative chondral lesions of the knee, Papalia
et al. analyzed 48 professional soccer athletes
randomized into two groups receiving either
three injections of hybrid HA (HHA; n = 24 athletes) or three injections of PRP (n = 23 athletes)
[45]. While athletes in the HHA group demonstrated significantly superior results when compared to the PRP group at 3 and 6 months
follow-up, no significant differences in outcomes
were reported by 12 months.

Fact Box

Multiple investigations examining outcomes following the use of PRP for the
treatment of articular cartilage injuries
have reported improved outcomes in
younger patients with lower degrees of cartilage degeneration [46–48].

Few studies have examined the impact of PRP
for the treatment of chondral lesions about the
hip, with limited data in athletic patients. Dallari
et al. examined 111 patients aged 18–65 years
old, randomized to three groups, receiving three
weekly injections of either PRP, PRP + HA, or
HA [49]. The authors reported that patients
receiving PRP alone had lower VAS pain scores
at 2, 6, and 12 months follow-up, along with significantly better Western Ontario and McMaster
Universities Arthritis Index (WOMAC) scores at
2 and 6 months. Meanwhile, Battaglia et al. performed a non-blinded, randomized trial comparing PRP versus HA in 100 consecutive patients
with hip OA. Harris Hip Score (HHS) and VAS
pain scores were found to be significantly
improved between 1 month and 3 months followup in both groups. However, progressive worsening of symptoms was reported between 6 months
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and 12 months follow-up despite scores
remaining significantly improved when com
pared to preoperative values [50]. Moreover, no
significant differences were found between the
PRP or HA groups at any time point, while a significant association was appreciated between
higher Kellgren-Lawrence (K-L) OA grade
(Grade IV) and VAS score over the course of the
investigation. As such, the use of PRP for chondral lesions affecting the hip of the athlete
remains largely unknown and warrants further
investigation.
In addition to the lack of high-quality studies
examining the efficacy of PRP in athletes with
chondral injuries, a major limitation to the use of
PRP for the treatment of cartilage defects
remains the lack of standardization and variability in PRP preparation techniques. The development of proper terminology to describe and
classify the many different available PRP products and the variability in their characteristics is
essential, especially when comparing results
between various studies and analyzing the benefits of such treatments. The need for improved
terminology, categorization, and classification
has emerged in recent years with the growing
number of reported studies using various PRP
products and resulted in several classification
systems. The first described and most comprehensive classification system is the Dohan
Ehrenfest classification [32], which is based on
cell content (mostly leukocytes) and fibrin architecture. Four main families were defined in this
classification: Pure platelet-
rich plasma
(P-PRP)—or
leukocyte-poor
platelet-
rich
plasma (LP-PRP)—products are preparations
without leukocytes and with a low-density fibrin
network after activation; leukocyte- and platelet-
rich plasma (L-PRP) products are preparations
with leukocytes and with a low-density fibrin
network after activation; pure platelet-rich fibrin
(P-PRF)—or
leukocyte-poor
platelet-rich
fibrin—are preparations without leukocytes and
with a high-density fibrin network; and leukocyte- and platelet-rich fibrin (L-PRF) products
are preparations with leukocytes and with a
high-density fibrin network. Two other classification systems were proposed in recent years,

which were more directed toward sports medicine applications. These are the Mishra classification and the PAW (platelet, activation, white
cells) classification [34, 51]. Mishra et al. [51]
proposed a classification that takes into consideration the presence of leukocytes, activation of
platelets, and platelets concentration.
This classification established four types of
PRP: an L-PRP solution (type 1 PRP), an L-PRP
gel—with activation (type 2 PRP), a P-PRP
solution (type 3 PRP), and a P-PRP gel—with
activation (type 4 PRP). Each type can be
described as an A or B subtype, with the A subtype standing for ≥X5, the blood concentration
of platelets, and the B subtype standing for <X5,
the blood concentration of platelets. The PAW
classification [34] has similarities with the
Mishra classification and is based on the absolute number of platelets, the manner in which
platelet activation occurs, and the presence or
absence of white cells. Different concentrations
of platelets, leukocytes, and other growth factors in the final PRP preparation have been
reported due to the availability of various commercial PRP preparation systems, resulting in
wide variability in the contents of the final PRP
product [25, 47, 52]. This inconsistency may
account for the variable and oftentimes conflicting results among studies [25, 53, 54]. Moreover,
lack of transparency and detail in reporting
preparation techniques in many studies has
made comparisons between studies difficult
[55]. Further questions regarding the number of
injections, timing of doses, use of LP-PRP versus LR-PRP, and the volume of injection require
further studies to establish a gold standard protocol for the preparation and use of PRP in athletes [27, 33, 54].

Fact Box

There remains substantial discrepancy in
PRP preparation techniques, injection contents, and delivery methods, warranting
additional studies to better define the optimal treatment protocol for use in the athlete
[16, 18, 30, 49, 50, 56].
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Many more preparations are being investigated for their efficacy in cartilage injuries such
as PRP-conjugate preparations and autologous
conditioned serum (ACS). There is recent interest
in creating PRP conjugates with other biologics
(such as hyaluronic acid) to enhance healing
through the properties of both materials [31, 57,
58]. However, there is no sufficient evidence to
support its efficacy in athletes. ACS products
such as Regenokine (marketed in the US) and
Orthokine (marketed in Europe) have shown
some success in the management of cartilage
pathology. Although, most studies have reported
efficacy in osteoarthritis [38, 59, 60], ACS is
commonly used in athletes, particularly in
Europe.

47.3

 one Marrow Aspirate
B
Concentrate

The popularity of BMAC has recently increased
due to BMAC being one of the few procedures
approved by the Federal and Drug Administration
(FDA) for intra-articular, single-step delivery of
MSCs [48]. In addition to MSCs, BMAC possesses hematopoietic stem cells, endothelial
progenitor stem cells, and PDGFs that have
been shown to improve tissue healing [61].
Despite only accounting for 0.001–0.01% of
nucleated cells in standard BMAC injections
[62], MSCs possess strong inherent regenerative
properties. BMAC can presumably assist in the
treatment of articular cartilage injuries, due to
its regenerative potential, and ability to modulate the immune system via enhanced secretion
of growth factors and cytokines [63–65]. The
contents of BMAC have been shown to signal
surrounding tissues to secrete growth factors
and cytokines, including VEGF, PDGF, transforming growth factor-beta (TGF-β), bone morphogenetic protein (BMP)-2 and BMP-7, which
are present in higher quantities when compared
to PRP [22, 66]. These biologic modulators
have been linked to chondrocyte proliferation,
MSC differentiation, wound healing, as well as
the suppression of potentially detrimental proinflammatory cytokines [67].
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Clinically, BMAC augmentation has been
shown to play a role in regenerating more hyaline-
like repair tissue, improving patient-reported outcomes, and improving radiographic evidence of
healing [68]. However, no current investigation
has focused on the use of BMAC specifically in
athletes. Chahla et al. reported in their systematic
review that despite the lack of high-quality studies examining the use of BMAC for the treatment
of early-onset OA, BMAC injection was a safe
procedure with few reported adverse effects [66].
However, varying degrees of beneficial results
with respect to the effect of BMAC for the treatment of chondral defects and early OA were
reported, due to the high number of patients
treated with and without an additional procedure.
Meanwhile, Kim et al. reported outcomes of
BMAC injection with adipose tissue in a case
series of 75 knees (n = 41 patients) with knee OA
(K-L grades I–IV) [69]. While statistical significance was not reported, VAS pain score, IKDC,
short-form (SF)-36, Knee Injury and
Osteoarthritis Outcome Score (KOOS), and
Lysholm scores were found to be increased when
compared to preoperative values by 12 months.
Moreover, the authors noted a significant association between higher K-L grade and inferior clinical outcomes at final follow-up (p = 0.02).
Fact Box

Results following BMAC treatment for
articular cartilage injuries have demonstrated improved outcomes in patients with
lower grades of knee degeneration [60].

When utilized as a surgical adjunct, Gobbi
et al. examined 15 patients with International
Cartilage Repair Society (ICRS) grade IV knee
chondral lesions (average size, 9.2 cm [4]) undergoing operative transplantation with BMAC covered with a collagen I/III matrix [70]. At
24 months, significant improvements in VAS
pain score, IKDC, KOOS, Lysholm, Marx,
SF-36, and Tegner scores were reported when
compared to preoperative values. The presence of
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hyaline-like tissue over the lesions was also
reported based on magnetic resonance imaging
(MRI) and histologic evaluation. Overall, superior outcomes were reported in patients with solitary cartilage defects and in patients with small
lesions. Gobbi et al. further reported in their prospective cohort study of patients with ICRS grade
4 chondral lesions of the knee treated with
HA-based scaffolds soaked in BMAC that clinical outcomes were correlated with the size of the
chondral lesion treated [13]. Specifically, significantly better subjective IKDC scores and a trend
toward a significantly better KOOS pain scores
were found in patients with lesions smaller than
8 cm [4] compared to those with lesions larger
than 8 cm [4] at final follow-up. For chondral
defects of the talus, Giannini et al. compared the
use of a single injection of BMAC (n = 25 cases)
versus open autologous chondrocyte implantation (ACI) (n = 10 cases) versus arthroscopic ACI
(n = 46 cases) in 81 patients with a mean age of
30 ± 8 years [71]. At second look arthroscopy
with biopsy at 12 months, no significant difference in change in American Orthopaedic Foot
and Ankle Society (AOFAS) score was appreciated between the three groups. However, BMAC
was noted to permit a marked reduction in procedure morbidity and costs as a “one-step”
procedure.
A recent systematic review by Migliorini et al.
reported improved outcomes in patients receiving
MSCs injections for knee osteoarthritis with
12 months follow-up. They included 18 studies
and 1069 treated knees. Average age of patients
was 57 years old. They reported improvement in
patient-reported outcomes and a 12.7% local
complications rate [15].
Hede et al. evaluated the clinical outcomes of
ten patients treated with a one-step procedure
using autologous BMAC and PRP on a collagen
scaffold for large full-thickness cartilage lesions
of the knee. They reported an increase in clinical
outcome scores and pain scores at 1 and 2 years
postoperatively. However, they also found that
MRI and histology (from second-look arthroscopy that was performed in seven patients) have
demonstrated repair tissue inferior to native hyaline cartilage [21].

Fact Box

When used as an adjunct during operative
management, improved outcomes have
been reported in patients with isolated
chondral lesions or lesions measuring less
than 8cm2 [2, 32].

Similar to PRP, the current literature examining the utilization of BMAC for athletic injuries
remains lacking in high-quality studies focusing
on athletes, as there remains limited evidence
supporting the efficacy of the BMAC product,
while standardized guidelines for preparation
remain limited [16]. In addition, the ideal harvest
site and technique, carrier for BMAC, number of
BMAC treatments, injection timing, and volume
remain poorly characterized [35].

47.4

Mesenchymal Stem Cells

MSCs have been shown to possess high plasticity
while
being
immune-suppressive,
anti-
inflammatory, and capable of self-renewal. MSCs
are known to produce proteins conducive to cartilage regeneration, making them perhaps the
most promising stem cell option for articular cartilage repair [12, 35]. MSCs are present and can
be harvested from various adult tissues, including
bone marrow, peripheral blood, adipose tissue,
and synovium. Recently, adipose-derived stem
cells (ASCs) have gained increased popularity
due to the ease of accessibility and harvest from
liposuction aspirate or from the infrapatellar fat
pad, resulting in minimal morbidity [37, 72].
Moreover, ASCs have been shown to possess up
to 300-fold more stem cells per volume when
compared to BMAC [9, 73] while maintaining
their phenotype better over culture passages
when compared with bone-marrow-derived
MSCs [63, 72, 74].
There are currently few studies examining the
use of MSCs for the treatment of chondral injuries in athletes. However, MSCs have been
shown to possess chondro-inductive properties
in vitro, capable of inducing chondrocyte
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p roliferation and extracellular matrix production
[75], resulting in encouraging clinical results
and pain reduction without significant complications. A systematic review by Chahla et al. identified six studies examining intra-articular
injections of stem cells within the knee for the
treatment of cartilage injuries [75]. While no
studies commented on the use of MSCs for athletes, all s tudies were noted to report improvement for patients with OA and focal chondral
defects without significant adverse events.
However, the authors noted that reported
improvements were modest and that the presence of a placebo effect could not be ruled out.
The retrospective cohort study by Kim et al.
examined 20 patients with knee OA treated with
MSC injection combined with PRP versus a
pair-matched cohort of patients undergoing
MSC implantation using a fibrin glue scaffold
[23]. At a mean follow-up of 28.6 months, the
authors reported significant improvement in
IKDC and Tegner activity score in both groups
compared to preoperative values, with significantly higher IKDC scores in the implantation
group. Moreover, Nejadnik et al. compared outcomes between patients with chondral defects
undergoing repair using ACI (n = 36) or bone-
marrow-derived MSCs (n = 36), with outcomes
measured at 3, 6, 9, 12, 18, and 24 months following treatment [76]. No significant differences
between groups were reported based on Lysholm,
IKDC, or Tegner activity scores, highlighting the
effectiveness of bone-marrow-derived MSCs for
focal cartilage lesions. Meanwhile, arthroscopic
implantation of synovial MSCs in 10 patients
with single chondral lesions of the femoral condyles was found to improve MRI features score,
qualitative histology, and Lysholm score, but no
improvement in Tegner activity level was
reported [77]. Kyriakidis et al. have recently
published a study on 25 patients undergoing
treatment with ASCs implantation for focal cartilage defects of the knee with a 3-year follow-up
[78]. Patient-
reported outcomes significantly
improved (p < 0.05), including IKDC, KOOS,
Tegner, and VAS. Interestingly, histological
analysis from two patients who underwent postoperative biopsies demonstrated the presence of
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hyaline-like tissue. Bastos et al. performed a randomized, controlled, and double-blinded study
assessing the efficacy of culture-expanded MSCs
injection with or without PRP in patients with
knee osteoarthritis. They enrolled 47 patients in
three groups, MSCs (N = 16), MSCs + PRP
(N = 14), and corticosteroids (N = 17). They
reported an improvement in most KOOS
domains and global scores for the three groups in
1 and 12 months (p < 0.05). At 12-month followup, the corticosteroids group only showed significant improvement in the pain and function
sub-scores, while the MSCs and the MSCs+PRP
groups showed improvement in all KOOS
domains and global scores (except quality of life
for the MSCs+PRP group) [46].
Further research on the indication, safety, and
efficacy of MSCs, particularly ASCs, for the
treatment of athletic chondral-related injuries are
warranted. Most current studies lack a control
group, while in many other studies, additional
therapeutic interventions and orthobiologics have
been simultaneously added, preventing an accurate understanding of the contribution of MSCs
to chondral healing. Similar to other orthobiologics, additional studies are necessary to better
understand optimal harvest location, culture
methods, cell concentration, and transplantation
method for the treatment of cartilage injuries in
athletes [77].

47.5

Meniscal Injuries

There are several inherent factors that create an
unfavorable environment for healing of a meniscus tear. These include the avascular nature of the
meniscus, the presence of synovial fluid and proinflammatory cytokines, and the repetitive load
on the meniscus, which is virtually unavoidable.
The avascular nature of the meniscus poses a significant challenge for meniscus tear healing. As
demonstrated by Arnoczky and Warren, only the
peripheral 10–30% of the meniscus is vascularized [79]. Furthermore, the presence of synovial
fluid and proinflammatory cytokines has been
shown to have a catabolic effect on meniscal
healing [80].
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In recent years, there has been growing interest in the role of orthobiologics in the treatment
of meniscal pathology. There are several modalities for biologic augmentation of meniscal repair,
including use of a fibrin clot, cytokines and
growth factors, PRP, and cell-based therapies.
Although most studies were focused on augmentation of meniscal repair, several studies have
also assessed the efficacy of orthobiologics
injections as a sole treatment for meniscal tears.
Wei et al. hypothesized that PRP can enhance the
healing of white on white meniscal tears [81].
Shin et al. have studied the effect of LR-PRP on
healing of a horizontal medial meniscus tear in a
rabbit model and found no significant differences
in meniscal healing between the LR-PRP group
and controls [82]. Ishida et al. reported an in-
vitro and an in-vivo study in a rabbit model demonstrating increased healing with filling of the
meniscal defect with a gelatin hydrogel delivery
system for PRP [83]. Betancourt and Murrell presented a case of a 29-year-old woman improving
after treatment with LP-PRP injections for a
meniscal tear [84]. Blanke et al. reported on the
use of percutaneous PRP injections of intrasubstance meniscal tears (grade 2) in ten recreational athletes. The injections were aimed at the
affected site with the use of fluoroscopy guidance. Each patient received three sequential
injections in a 7-day interval. Six patients (60%)
showed improvement in outcomes and increased
sports activity [85]. Literature on the effect of
other injectables is limited. However, of note,
Pak et al. have presented a case of a patient
treated successfully with an ASC percutaneous
injection [10].

47.6

Augmentation of Meniscal
Repair

A recent randomized controlled trial investigated
PRP augmentation of repaired vertical tears as
compared to isolated suture repair. The results
were favorable, with statistically significant functional outcome improvement, lower failure rates,
and better healing on second look arthroscopy at
42 months after surgery in PRP-augmented

repairs [14]. Another recent study by Everhart
et al. found that PRP augmentation of isolated
meniscus repairs resulted in significantly
decreased failure rates at 3 years after surgery
[86]. However, PRP augmentation of meniscus
repairs with concomitant ACL reconstruction
was found to have no difference in failure rates
when compared to controls at the same time
period. A number of smaller studies with lower
levels of evidence have produced more mixed
results, with some showing modest benefits in
functional outcomes while others finding no benefits when compared to placebo [24, 56, 87, 88].
While promising, there remains significant heterogeneity in PRP preparation techniques as well
as the type of tear being repaired, and future well-
designed studies are needed to corroborate these
early findings.
Fibrin clot augmentation has also proven to be
an efficacious adjunct to meniscus repairs in several investigations. In an early investigation of
five patients with complete radial tears of the
posterolateral aspect of the lateral meniscus traditionally treated with meniscectomy, van
Trommel et al. completed suture repairs enhanced
with a fibrin clot [89]. On MRI assessment of
three of the five patients at an average of
71 months after surgery, all menisci were completely healed with no evidence of degenerative
change. Recently Ra et al. also utilized fibrin clot
augmentation of complete radial tear repairs in
12 patients, which similarly results in excellent
rates of healing and functional outcome improvement [90]. Fibrin clots have also been investigated in the repair of horizontal cleavage tears,
with significant functional outcome improvement, but only a 70% healing rate on second look
arthroscopy at 12 months after repair [36]. As
with PRP augmentation, future large and well-
designed studies are needed to confirm the preliminary benefits of fibrin clots in the healing of
meniscus repairs.
Additionally, the use of BMAC in meniscus
repair surgery has shown promise. In a basic science study using a rabbit model with avascular
meniscal lesions, Koch et al. found that BMAC
augmentation demonstrated macroscopic and
histologic evidence of superior healing when
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compared to PRP and no augmentation of suture biologics in their use for the treatment of articular
repaired meniscus lesions at 6 and 12 weeks after chondral and meniscal injuries in the athlete.
surgery [91]. Another recent investigation by
Piontek et al. utilized bone marrow aspirate injecTake-Home Message
tion and collagen wrapping of repaired meniscus
Despite the increased popularity of ortholesions, finding favorable functional and radiobiologics for the treatment of articular cargraphic outcome improvements at 2 years after
tilage injuries, further investigations
surgery [92]. While preliminary, bone-marrow-
standardizing treatment preparation, conderived augmentation techniques are being
tents, and protocols are necessary to better
actively studied, with several ongoing clinical
understand the efficacy and long-term
trials currently investigating BMAC and meniseffects of the use of orthobiologics in the
cus repair.
athlete.
The role of orthobiologics in meniscal
injuries
is less understood, and current evi47.7 Conclusion
dence does not allow making recommendations regarding the use of orthobiologics in
The popularity of orthobiologics for the use of
meniscal injuries.
cartilage and meniscal injuries in sports continues to increase. Current treatment guidelines for
the use of orthobiologics for cartilage defects and
meniscal tears based on type, size, location, and
defect severity while accounting for patient’s
age, activity level, and desire to return to competition remain poorly characterized, requiring further research to define an optimal treatment
algorithm. Such algorithm should also differentiate between the efficacy of orthobiologics for
focal defects, osteochondritis dissecans (OCD),
and osteoarthritis, as these pathologies may defer
in many aspects. Despite most investigations
reporting orthobiologics to be safe with few serious adverse effects, inconsistent and at times
conflicting data has been reported. The discrepancy in outcomes requires standardization for
orthobiologic processing while defining the optimal contents of orthobiologic preparations to
allow for reliable comparison among studies. By
defining a standard procedure, future basic science and clinical research utilizing well-designed
randomized controlled trials are warranted to
determine the long-term impact of chondral injuries in the knee of the athlete. Meanwhile, establishing short- and medium-term data for injuries
within the hip and ankle is necessary to better
understand the role of orthobiologics as a minimally invasive individual treatment or adjunct
during operative intervention. Such limitations
must be weighed against the popularity of ortho-
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Introduction

decreased injury rates and more rapid return to
play after injury [1, 2].

The basketball season, especially at higher levels,
can span multiple months demanding sustained
Fact Box
physical and mental fitness from players. The
In-season management of injuries requires
medical team is a critical contributor to maintainconstant communication and documentaing individual player health and maximizing pertion by the health-care team.
formance. Presently, a reactive approach to sports
medicine is no longer acceptable at any level of
competition. The role of the medical team has
The effective management of basketball injuextended to evaluation and treatment of injuries
during the season along with instituting programs ries has become more important as the incidence
to maintain and boost performance longitudi- of injuries in basketball players has increased
nally. Necessary to achieving such goals requires over the years as the sport has evolved into a
comprehensive programs that include pre- more physical game with significant contact
participation evaluations, in-season checks and between players. Studies have reported an overall
balances, and end-of-season/offseason programs incidence between 1.94 and 9.9 injuries per 1000
player hours (AE) depending on the level of play
for recovery and advancement agendas.
Generally, the team physician is the natural and setting [3–5]. Injuries to lower limbs account
professional leader of the medical team, with for the majority of injuries, followed by head and
supporting members including the athletic neck, upper limb, and spine and pelvis
trainer, strength coach, massage therapist, phys- (Table 48.1). Most injuries can be classified as
iotherapist, nutritionist, and coaches. Open com- acute or overuse/chronic (Table 48.2).
Recognizing the injury trends across demomunication, common goals, and respect are key
graphics
can help the medical team to prepare
across the extended multidisciplinary health-care
for,
identify,
and treat players. At the high school
team. Treatment coordination has been linked to
level, injuries are more common in games versus practice (3.27 game versus 1.4 practice
J. Truntzer · G. Abrams · M. Safran (*)
injures per 1000 AE). Women have higher rates
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of injury per 1000 AE (2.08 women versus 1.82
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men). The same trend was found for higher rates
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Table 48.1 Most common injuries sustained during basketball participation
NCAA injury surveillance data
Men
Women
Ankle sprain (26.2%)
Ankle sprain (24.6%)
Knee injury (7.4%)
Knee injury (15.9%)
Upper leg contusion
Concussion (6.5%)
(3.9%)
Patella injury (3.7%)
Patella injury (2.4%)
Concussion (3.6%)
Nose fracture (1.7%)
Muscle strain lower back Shoulder subluxation
(2.0%)
(1.4%)
Muscle strain pelvis/hip
Muscle strain lower back
(1.9%)
(1.3%)

Table 48.2 Common basketball injuries categorized as
acute or chronic/overuse
Common basketball injuries
Acute
Chronic/overuse
Ankle sprain
Patellar and quadriceps
tendinopathy
Muscle strains
Patellofemoral pain
Finger injuries
Achilles tendinopathy
Knee ligament
Rotator cuff tendinopathy
injuries
Shoulder instability Lower back conditions
Contusions
Stress reactions/fractures

48.2

Preseason Preparation

In-season management of injuries begins with
preseason evaluation and planning. Studies have
shown that the highest rates of injury occur during the first month of the season, likely due a
rapid increase in workload often in combination
with a lack of adequate rehabilitation from prior
injury [6]. Moreover, new players to a team/organization can lead to disruption of previous treatment or rehabilitation. Meticulous evaluation and
documentation of each player should be completed prior to participation. While a comprehensive pre-season evaluation is difficult at lower
levels of competition, an understanding of cardiac history, surgical history, and concussion history is necessary for each athlete. For higher
levels of competition posture, muscle imbalances, core stability, joint mobility/stability, muscular flexibility, range of motion (ROM), strength,
functional deficits, and agility require evaluation.
Individualized programs directed toward areas of

weakness have successfully decreased injury
rates in basketball players as well as athletes in
similar dynamic sports [2, 7, 8]. Commercially
available products are also available which can
help guide initial assessment and recording [9].
Ultimately, the establishment of baseline measurements may help predict as well as possibly
identify and treat in-season injuries. Changes
from baseline recorded serially over the season
can be a warning sign of impending decompensation, warranting intervention or actually identifying an injury. Moreover, baseline values can help
frame timeline for return to play, return to play
criteria, as well as provide direction for the multidisciplinary team.

48.3

In-season Management

In-season management of injuries can be complex and requires attention to multiple factors.
The etiology and classification of the injury, stage
of the season, long-term goals of the athlete, as
well as risk for future complications should be
considered by any medical provider.
Generally, injuries common to basketball participation can be categorized into acute or
chronic/overuse injuries (Table 48.2) [10]. Acute
injuries generally coincide with a specific event
and often occur to previously normal tissue.
Overuse or chronic injuries, while certainly can
be linked to specific events, often onset insidiously secondary to microtrauma that overloads
the capacity of the tissue to repair leading to failure of remodeling. Initial and follow-up management of acute versus chronic/overuse injuries is
different, warranting distinct in-season management algorithms. Table 48.2 reviews common
acute and chronic/overuse injuries related to
basketball.

48.3.1 Acute Injuries
Acute injuries present with swelling, focal pain,
and stiffness consistent with an inflammatory
state. Secondary to the rapid onset, early diagnosis
can be difficult. While an on-court examination
can be helpful (before the onset of swelling and
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guarding), it is usually not necessary in most cases.
However, early evaluation is recommended prior
to the onset of the inflammatory state. A typical
physical exam can yield a diagnosis in the majority of cases although there should be a low threshold for imaging. A number of guidelines (covered
in other chapters) such as the Ottawa ankle rules to
help guide decision-making are available [11].
The authors of this chapter consider deformity as
strict criteria for imaging, especially if reduction is
required.

Fact Box

Early treatment of acute injuries to reduce
swelling, bleeding, and pain is critical to
decreasing time lost due to injury.

Following initial assessment, the immediate
goals of treatment are to limit bleeding, swelling,
control pain, and protect the involved extremity.
RICE, a common acronym for rest, ice, compression, and elevation should be instituted over the
first 24–72 h to reduce the acute physiologic
response. The PRICE regimen geared toward lateral ankle sprains, the most common injury in
basketball, is based on the same principles with
the additional of protecting the involved ankle to
avoid further injury [12]. Introduction of anti-
inflammatory medication, electrotherapeutic
modalities, and early range of motion can also be
helpful. In all cases, early dialogue with the
health-care team and coaching staff is paramount
to provide a comprehensive initial approach as
this can reduce time lost to injury.
Specific treatment of acute injuries varies
greatly depending on the location and extent of
injury following initial management. Specific
recommendations for various injuries are outside
the scope of this chapter; however, a few injuries
common to basketball that are less often considered justify comment, given the catastrophic
potential if missed. Fractures (and stress fractures) with poorer healing potential include fractures of the scaphoid [13], talus, navicular [14],
and proximal fifth metatarsal fractures (Jones
fractures) (Fig. 48.1) [15]. While early recognition and immobilization are paramount for the

619

above fractures, evidence also supports the role
of surgical intervention to hasten return to play
with early healing and altered bone mechanics
after hardware insertion. Sesamoid stress injuries
or fractures constitute another injury that
requires increased awareness in basketball players, given the higher rate of occurrence, potential
for missed diagnosis, and significant consequence if not treated, or treated incorrectly [16–
18]. Additionally, particular orofacial injuries
require prompt attention including tooth fractures with nerve root exposed that carry higher
infection potential, globe injuries with visual
field deficits, as well as nose and jaw fractures
that can obstruct the airway [19, 20]. Specific oncourt management and treatment algorithms for
such injuries are discussed in a separate chapter
(On-court Examination in Basketball: What the
Clinician Should No’t Miss).
Overall, instituting early treatment of acute
injuries will significantly decrease the time lost
to injury and allow quicker initiation of functional rehabilitation when appropriate. Multi-
modal approaches to treatment yield best results
to reduce the initial inflammatory phase; however, early diagnosis and appropriate workup
remain the key for reducing devastating outcomes
that can occur in the acute setting.

48.3.2 Chronic Injuries
Management of chronic injuries tends to vary
from acute injuries. Unlike acute injuries, there is
commonly absence of a clear mechanism. As
such, to effectively manage and prevent chronic/
overuse injuries, it is important to understand the
factors causing or predisposing to injury.
Categorizing as either related to intrinsic or
extrinsic factors can be helpful.
Intrinsic factors are related to the athlete such
as leg length discrepancy, muscle imbalance,
poor flexibility, mal-alignment, and reduced
physical fitness. Evaluation of the specific athlete
including a thorough physical exam and functional testing can help to identify contributing
intrinsic factors. For example, tight hamstrings
along with weak quadriceps and hip musculature
have been linked to anterior knee pain [21].
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Fig. 48.1 Fifth metatarsal fracture treated with open reduction internal fixation to allow earlier return to play in a collegiate athlete

Physical therapy has been successful in treating
anterior knee pain by addressing such factors
among others [22]. Understanding the contributing intrinsic factors can help design a plan to
effectively return an athlete back to play in the
shortest period.

Fact Box

Identification of intrinsic and extrinsic factors leading to chronic/overuse injuries can
help guide treatment and reduce recurrence
and severity.

Extrinsic factors include the equipment
used by the athlete, playing surface, training
volume and intensity, as well as environmental
conditions. Often extrinsic factors are modifiable. Variations in extrinsic factors can expose
an athletics propensity for a certain injury,
influence the intensity, as well as impact the
duration. For example, tibia, midfoot and forefoot stress injuries may be related to a new pair
of shoes in conjunction with increased workload, among other factors. Recognizing patterns among both individual players and groups
can provide guidance for treatment by addressing the necessary extrinsic factors. Changes for

48

In-Season Management of Injuries in Basketball: A Pragmatic Approach

stress injuries may include vitamin and calcium
supplementation, cross-training and load reduction, foot orthotics as well as diet modification
[23–26].
Recurrent injuries, a subset of chronic injuries,
can be challenging and devastating to the athlete
and similarly require consideration of both intrinsic and extrinsic factors. Common to basketball
players, recurrent injury to the groin, hamstring,
and calf can keep a player from full participation
for an extended period. Recognizing related factors remains critical, including muscle imbalance,
flexibility, fatigue, and alignment. Additionally,
return to play timing can be uneasy, given propensity for recurrence and no clear consensus recommendation [27]. Strategies to reduce recurrence
include load management (reduced practice participation, modifying minutes and games played)
as well as employing imaging such as ultrasonography to help monitor healing [28, 29]. Nutritional
supplements have also shown promise in helping
to mitigate soft tissue injury [30–32].

48.3.3 A
 dditional Return to Play
Factors
Regardless of the acute or chronic etiology,
treatment decisions for in-season injuries must
also consider additional factors including timing
of season, player goals, and potential for longterm risk. These decisions must be individualized and done with appropriate informed consent
of the player. Unfortunately, the paradigm presented to the medical staff faced with weighing
the best interests of the player and team can be
challenging.
Fact Box

Timing of season, level of play, goals of the
athlete, and risk for irreversible damage
should be considered when discussing
treatment and return to play.

Any medical provider when advising a player
should always consider the risk for permanent or
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Fig. 48.2 Radiograph of a left tibia demonstrating a
stress fracture of the anterior tibial cortex. Evident is the
“dreaded black line” suggestive of a tibial cortical non-
union, and thus the potential risk of impending fracture

irreversible injury with continued participation.
As noted previously, certain mid-foot stress reactions or fractures can have catastrophic or career
ending consequences if untreated. Additional
high-risk injuries include concussions, ACL
tears, locked knees, stress fractures of the anterior tibial cortex (Fig. 48.2), and tension-sided
femoral neck fractures. Outside of a few exceptions, players should not return to play until
treated and fully rehabilitated. Medium-risk and
low-risk injuries must be weighed against other
factors.
An important factor to consider for lower
risk injuries is the timing of injury in relation to
the stage of the season. Injuries that do not carry
long-term risk may be handled symptomatically
toward the end of the season through workload
modulation as well as short-term pain relief
techniques. In contrast, when an injury is sustained earlier in the season, it may be prudent to
remove a player from participation in order to
allow for healing and return to play during more
critical portions of the season. For example, low
risk stress fractures such as second and third
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Fig. 48.3 MRI (coronal and sagittal views) demonstrating second metatarsal stress reaction in collegiate basketball
player

metatarsal fractures can often be symptomatically treated, but carry a risk for fracture completion (Fig. 48.3). If encountered early in the
season, a player may be removed from competition in order to allow adequate healing. However,
toward the end of the season or playoffs, a
player may be allowed to participate, given the
consequence of fracture is not career threatening and treatable with a high chance of returning
to play at the same level the following season.
Shoulder dislocations and ankle sprains present
a similar paradigm with the timing of injury
likely dictating return to play recommendations
assuming the player has achieved adequate
recovery, i.e., full range of motion and strength.
Treatment of medium risk injuries such as fifth
metatarsal fractures and medial malleolus injuries should be counseled regarding the risk of
more substantial sequelae within the context of
season and player goals. In all cases, open communication with the player and training staff is
paramount to achieving an optimal outcome.
Further, documentation of these discussions is
also important.

48.4

End-of-Season Evaluation/
Training Programs

Completion of a season for many athletes represents the end of competition, not necessarily the
end of athletic activity. Transition to the off-
season regularly includes a period of physical
and mental rest followed by re-introduction of
strength and conditioning along with individual
workouts. For the medical staff, the end of the
season provides ample opportunity to assess
injury patterns from the previous year, address
individual injuries to allow healing and recovery,
as well as institute preventative measures to
reduce future injuries as competition commences
the following season. Exit physicals are strongly
encouraged to compare pre- and post-season
metrics, review injury history, and initiate an off-
season programs tailored to the individual athlete
[9]. Early incorporation of corrective exercises
even before beginning off-season strength and
conditioning will prevent strengthening dysfunctional patterns. In some instances, the off-season
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may provide the opportunity to surgically address
injuries or enforce alterations in training practices, even including complete cessation, to allow
for optimal healing. Communication and planning among the entire training staff are again of
paramount importance. Regular updates are also
critical to ensure benchmarks are met, and
changes are implemented when necessary.

Fact Box

Exit physicals are important for injury prevention, treatment, and identification of
trends.

48.5

Summary

Management of in-season basketball injuries
requires a multidisciplinary approach from the
entire health-care team. Open dialogue, regimented documentation, and prospective evaluation are necessary to optimize player recovery.
Preseason evaluations provide important metrics for injury prevention, risk stratification, and
identification. During the season, labeling injuries as acute or chronic in etiology can help
guide treatment, especially immediately following an acute injury. In the case of chronic injuries, recognizing and addressing intrinsic and
extrinsic factors can help frame treatment and
future injury prevention. Athletes with an injury,
where continued play may risk irreversible and
permanent damage, are held out in most circumstances. For other injuries, the risk of exacerbation, reinjury, or compensatory injury must be
weighed against the timing of the season and
level of competition when evaluating a basketball injury. End of the season and subsequent
off-season provide an important opportunity to
reassess, treat, and implement new practices for
caring for the athletes. In-season management
of injuries is truly a team effort that does not
begin or end with competition.
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Part V
Injury Prevention, Rehabilitation and
Back to Field Process in Basketball

Shoulder Assessment in Basketball
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49.1

Introduction

Basketball is a sport that requires highly skilled
and complex coordination of upper and lower
body movements. Shoulder and scapular muscles
are integral for shooting, dribbling, and defensive
work such as blocking and grabbing rebounds
[1]. Even minor injuries to shoulder or scapular
muscles or elsewhere in the kinetic chain may
cause pain and reduction of effective motor patterns controlling movement and could impair
player’s ability to play [2].
Given the effect that minor shoulder injuries
may have on the playing ability of basketball players, it is somewhat surprising that shoulder injuries
are relatively uncommon and result in very few
games missed. According to league-
wide injury
analysis data released by the NBA (National
Basketball Association) in 2019, the incidence and
W. J. Diesel (*)
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impact of shoulder injuries in the NBA over the past
six seasons (2013/14 to 2018/19) have been consistently very low. Shoulder injuries that were reported
were shoulder instabilities, rotator cuff injury, acromioclavicular sprains, and shoulder strains. The
average number of players with a shoulder injury
ranged from 1 to 3%; number of players missing at
least one game ranged from <1 to 2%; and average
recurrence within 1 year ranged from 5 to 15% [3].
Further support for the low incidence of shoulderrelated basketball injuries is found in the report by
Deitch et al., stating that in the NBA and WNBA
(Women’s National Basketball Association) rotator
cuff injuries and AC joint sprains were the only
shoulder injuries reported between 1996 and 2006,
accounting for 1.3% and 0.7%, respectively, for all
the reported shoulder injuries [4].
Another interesting finding is that unlike significant declines in PER (player efficiency ratings) and
number of games played during the season following surgical repair of other basketball injuries, such
as ACL or Achilles tendons ruptures, players
returning from shoulder stabilization procedures
had significantly lower declines in PER and games
missed during the season following surgery [5].
The aim of this chapter is to provide an outline
of the principles and tests recommended for the
most common basketball-related shoulder injuries. Using a battery of tests rather than relying on
a single test for making a diagnosis of shoulder
pathology is recommended, including symptom
altering tests to establish the presence of other
contributing factors along the kinetic chain [6].
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49.2

Assessment

Despite recent advances in the diagnosis and treatment of shoulder injuries, the shoulder joint
remains one of the most challenging areas to assess
[7]. The shoulder joint is unique because of its
heavy reliance on muscle activity, mediated by the
sensorimotor system (SMS), to provide dynamic
stability. Pain and tissue pathology following injury
can negatively impact the SMS’s ability to control
proper shoulder movement [8]. Establishing the
nature and site of tissue pathology, cause of pain
and the resultant SMS (neuromuscular control and
proprioception) impact should therefore be a goal
of the clinical assessment.
Indirect support linking kinetic chain deficits
to shoulder injuries comes from a review on the
incidence of shoulder injury in elite wheelchair
athletes [9]. In their review, it was reported that
wheelchair athletes with better trunk control had
fewer overuse shoulder injuries than wheelchair
athletes with decreased trunk control. Fairburn
and Bliven (2019) hypothesized that an unstable
base (deficit in kinetic chain) leads to upper
extremity compensations that ultimately lead to
overuse injuries to the shoulder [9].
According to Kibler et al., the entire kinetic
chain must be assessed when assessing shoulder
injuries [10]. They argued that standard diagnostic
tests could be used to establish overt causes of a
shoulder injury (e.g., tendon injury and instability),
but it is the nonovert alterations occurring locally or
distant which, unless diagnosed, may delay return
to full function. Local nonovert alterations could be
a loss of shoulder internal rotation, strength imbalances, and scapular dyskinesis (scapular motion
and position). Distant nonovert alterations include
lumbar, hip, and/or knee inflexibility [10].
Kibler et al. [10] suggested that nonovert (distant and local) issues that relate/contribute to
shoulder issues should be included in the clinical
examination of shoulder injuries.

49.2.1 S
 tanding Posture to Evaluate
Legs, Lumbar, Thoracic,
and Cervical Spines [11]
Young et al. theorized that compromised spinal
function could play a role in shoulder pathology

[12]. This led researchers to include evaluation of
posture in their shoulder assessments [10].
However, despite this theoretical link between
posture and shoulder symptoms, the scientific literature is not as supportive.
Greenfield et al. found significant forward head
positioning in subjects with symptomatic shoulders
compared to asymptomatic subjects. They argued
that normal shoulder function may be altered by
postural induced cervical dysfunction [11].
However, they concluded it is unlikely that changes
in cervical function, caused by poor posture, are an
isolated finding in shoulder overuse injuries.
In a systematic review by Barrett et al., it was
reported that despite evidence that reducing thoracic kyphosis could increase shoulder range-of-
motion, there is no evidence linking thoracic
kyphosis to shoulder pain [13]. Barrett et al.
advised that a better approach would be to assess
whether or not shoulder symptoms, present during a provocative test, are immediately eased following correction of thoracic kyphosis [13].
Symptom alteration tests (described later in this
chapter) for possible links to altered posture
should therefore also be incorporated to establish
links between an observed postural inconsistency
and shoulder symptoms.

49.2.2 S
 capular assessment and
Scapular Dysfunction/
Scapular Diskinesis
McClure et al. referred to the scapula as an essential component of shoulder function and required
both stability and mobility. Assessment of the
scapula is complex because of its 3D motion during arm elevation involving upward rotation, posterior tilting, and external rotation coupled with
clavicle elevation and protraction [14]. Appropriate
assessment should involve (a) visual observation,
(b) symptom alteration tests, as well as (c) specific
muscle strength tests. Establishing whether or not
scapula dyskinesia may be linked to shoulder
symptoms is the goal of scapula assessment [15].

49.2.2.1 Scapular Visual Assessment
This is best done with the player standing with
their shirt off and viewed from behind. First, with
the player standing, statically with arms relaxed
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by their side, a note should be taken of the presence of any of the most common prominences.
These include (1) inferomedial border (anteriorly
rotated coracoid and acromion); (2) medial border (classic “winging”); and (3) superior medial
border (superior scapula translation).
Valid, reliable, and accurate recording of scapula malpositioning can be measured using the
Palpation
Meter
(PALM—Performance
Attainment Associates, St. Paul, MN). The PALM
has been shown to be useful in assessing overhead
athletes with shoulder “impingement” [16]. Prior
to measuring, several landmarks are palpated and
marked with a pen. These landmarks (T3 spinous
process, scapula spine root, acromion angle,
medial scapula border, scapula spine, coracoid
process, and fourth intercostal space) are believed
to measure scapula upward/downward rotation,
protraction/retraction, anterior/posterior tipping,
internal/external tipping, elevation/depression,
pectoralis minor length, and coracoid height. Two
static positions, while holding a weight equivalent
to 3% body weight, are used for measurements.
The first position is with the arm in the resting
position of 0° of flexion and abduction. The second position has the arm held in 90° of abduction,
with a 15 s rest between each measurement.
• The mid-line of the spine was found by first
marking C7-T1 and then palpating the PSIS to
find mid-line of the spine. A flexible ruler was
placed down the spine to use as a guide to
mark the spine. To obtain scapular position,
the selected landmarks were palpated again
over the marked landmarks and then the tips
of the calipers were placed directly on top of
the chosen site.
• The inferior angle was defined as the point on
the medial border of the scapula that first
begins to travel laterally.
• Mid-line of the spine to inferior angle of the
scapula—the caliper was placed on the spinous process of T7 and the inferior angle to
measure protraction.
• Mid-line of the spine to the root of the
scapula—the caliper was placed on the spinous process of T3 and the root of the scapula
to measure protraction/retraction.
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• The root of the scapula to the angle of the
acromion—the caliper is placed on the root of
the scapula and the inferior angle of the acromion to measure the width of the scapula.
• Spinous process of T3 to the inferior angle of
the acromion—the caliper was placed on the
spinous process of T3 to the inferior angle of
the acromion to measure scapular protraction/
retraction.
• Coracoid process and the sternal notch—to
measure protraction, coracoid height, and coracoid distance, the caliper was placed on the
middle of the coracoid process and the sternal
notch.
• Pectoralis minor length—calipers were placed
on the medial coracoid process of the scapula
and the fourth intercostal space at the sternum.”
Pectoralis minor may become shortened in
players with forward head and rounded shoulder
postures and has been linked to Neurogenic
Thoracic Outlet Syndrome (NTOS) [17]. Thoracic
Outlet Syndrome (TOS) is an extremely rare,
while potentially very limiting condition among
professional basketball players. Another clinical
shoulder condition that may benefit from measuring pectoralis minor length (Fig. 49.1) is the SICK
(Scapula malposition, Inferior medial border
prominence, Coracoid pain and malposition, and
scapula dyskinesia) Scapula Syndrome. SICK
scapula syndrome has been described as an overuse muscle fatigue syndrome causing symptoms
of anterior shoulder pain, posterosuperior scapula
pain, superior shoulder pain, proximal lateral pain,
or a combination of these symptoms. Due to the
variety of symptoms, SICK can be misinterpreted
as anterior instability (anterior shoulder symptoms), cervical spine referral (posterosuperior
symptoms), subacromial impingement (proximal
lateral arm pain), acromioclavicular joint pathology (superior shoulder pain) [18].
Once static observations and measurements
have been completed, dynamic scapular motion
should be viewed. This can be done using the
modified scapula dyskinesia test (SDT), described
by Uhl et al., where any abnormality in scapular
motion is recorded simply as a “yes” and normal
scapulothoracic motion is recorded as a “no.” The
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a

b

Fig. 49.1 Pectoralis Minor Length measurement. The
distance from the medial-inferior border of the coracoid
process to the sternocostal junction of the inferior aspect
of the 4th rib is measured using a caliper or a measuring
tape (a) [19]. Another common clinical method to assess
pectoralis minor length is to measure the distance from
the posterolateral angle of the scapula to the examination
table of a supine patient, with distances greater than 2.54
cm (1 in) suggesting pectoralis minor tightness (b) [20]

players performs 3–5 arm elevations in the scapular and sagittal planes [21]. Any abnormal inferior
angle, medial border, or superior margin prominences were recorded as a “yes.” The presence of
multi-plane asymmetries was observed more frequently using forward flexion motions. As scapula dyskinesia may be found in both symptomatic
and asymptomatic individuals, results should be
viewed in conjunction with other tests. If a “no” is
recorded, then scapula dyskinesia is not linked to
the shoulder complaint. However, if “yes” is
recorded, then scapula dyskinesia may be a potential contributing factor. Symptom alteration tests
of the scapula should then be used to determine a
link between observable scapular diskinesis and
the shoulder complaint [21].
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49.2.2.2 S
 capular Symptom Alteration
Tests
Symptom alteration tests are designed to establish the presence of a link between shoulder
symptoms and scapula malposition. A significant
decrease in pain during the test is indicative that
scapula dyskinesia is a contributing factor and
needs to be addressed in order to correct the
shoulder injury. The scapular assistance test
(SAT) and scapular reposition test (SRT) are the
two most often used tests that involve manual
positioning of the scapular.
The current version of the SAT involves manually assisting upward rotation and posterior
tilting of the scapula during elevation of the
shoulder.
The scapular retraction test has been modified
by Tate et al. and called the scapular reposition
test (SRT) [22]. Instead of emphasizing scapula
retraction, the SRT assists posterior tilt and external rotation of the scapula. The SRT is performed
by the clinician correcting for scapula posterior
tilt and external rotation by using their fingers to
hold the acromioclavicular joint and use the thenar eminence to apply pressure on the spine of
the scapula while using their forearm, obliquely
positioned, towards the inferior angle of the scapular. Any positive provocation tests for “impingement” (Neer, Hawkins, Jobe) are then repeated
using the SRT. Manual reduction using the SRT
test was shown by Tate et al. to decrease pain in a
subset of overhead athletes with “impingement”
symptoms. If positive, the SRT can be used to
identify players that would benefit from interventions targeting scapula malposition such as taping, bracing, or strengthening [22].
Other symptom alteration tests include posture correction involving cervical spine (forward
head position), thoracic spine (kyphosis), and
lumbar spine (lumbar lordosis).
If scapular dyskinesia is believed to be contributing to shoulder symptoms, the next step is
to examine structures that may contribute to the
dyskinesia. Examination of muscle strength,
motor control, flexibility of the scapular muscles,
and general posture is required [15]. In certain
persitent cases with substantial scapular winging,
nerve conduction studies may be warranted to
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asses the long thoracic nerve, spinal accessory
nerve or dorsal scapular nerve.

49.2.2.3 Scapular Muscle Strength
The benefits of assessing muscle strength using a
hand-held dynamometer (HHD) are the short
amount of time required to test, low cost, portability, and results, which are comparable to the
gold standard of isokinetic dynamometry. In a
series of systematic reviews, Stark et al. (2011)
and Schrama et al. (2014) concluded that HHD
was a valid tool for assessing shoulder internal
and external rotation, flexion, extension, abduction, adduction, as well as elbow extension and
flexion [23, 24]. Scapular muscles responsible
for stabilization and movement include the serratus anterior, middle, and lower trapezius and
should be tested using the HHD.
Liberatori et al. concluded that scapular protraction (primarily serratus anterior) muscle
strength is best tested in a seated position, using a
HHD but has poor interrater reliability [25, 26].
The player sits on a stool with their back and head
against a wall such that feet are flat on the floor
and knees are flexed to 90° (Fig. 49.2). The shoulder, to be tested, is flexed to 90° with the elbow
held in neutral and fully extended. The clinician
places the HDD between their trunk and the player’s hand then uses their trunk to manually resist
protraction. The player determines the test position by actively finding the midpoint between
retraction and protraction. Mid-positioning of the
scapula maximizes isometric contraction force by
optimizing the length–tension relationship. The

Fig. 49.3 Lower
trapezius HHD muscle
test. Used with
permission [27]
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player is then instructed to push against the dynamometer with maximal effort. A “make” test was
used to determine peak force.
HHD muscle testing for the lower trapezius
muscle has been described and validated by
Michener et al. [27]. The mid position of scapula depression and elevation is actively determined by the player and then used as the test
position. The player lies prone with the arm to
be tested held in 140° of elevation (Fig. 49.3).
The clinician applies a superior and lateral force
in parallel to the long axis of the humerus with
the HHD positioned midway between the root
of the spine of the scapula and the acromion
process. The player attempts to depress and
adduct the scapula.
HHD testing found to have a high inter-rater
reliability by Ammar TA might also be used for
testing Middle Trapezius muscle strenth (Fig.
49.4) [28].

Fig. 49.2 Serratus Anterior HHD Muscle Test

W. J. Diesel
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Fig. 49.4 Middle trapezius HHD muscle test. Used with
permission [27]

49.3

Common Basketball
Shoulder Injuries

Hegedus et al. following an update of their systematic review in 2008 reached two conclusions regarding clinical examination of shoulder
injuries [6, 29]. The first was that no single
clinical examination test could be relied on to
make a pathognomonic diagnosis of a shoulder
injury. Secondly, using a cluster of tests proved
only marginally better in making a diagnosis of
shoulder pathology. These conclusions stress
the importance of including other investigations, such as MRIs and ultrasound scans
(USS), to assist medical practitioners working
in basketball to reduce the likelihood of delaying diagnosis that may result in decreased performance levels and greater time-loss injuries
later.

49.3.1 Instability
Shoulder instability, traumatic or atraumatic, is
one of the most common severe shoulder complaints seen in basketball players. Instability can
be anterior, posterior, inferior, or multidirectional, and their clinical features have been well
described by Kibler and Murrell [7].
A recent retrospective analysis identified 50
NBA players who experienced a shoulder instability event between 1999–2018 [30]. Of the 50
players with shoulder instability, 14 players

experienced a subluxation whereas 36 experienced a shoulder dislocation. Twenty-five athletes were treated operatively whereas 25 were
treated nonoperatively. Most operated cases
were due to dislocations (88%). Recurrence
was reported in 16% of cases. Another review
of NBA data revealed shoulder stabilization
procedures accounted for a significant percentage of orthopedic procedures in the NBA
(n = 46, 13.2%) from 1984 to 2012 (1.6 per season) [5]. A review of injury history among
Women’s National Basketball Association athletes between 2000–2008, showed a shoulder
instability incidence of 1.25 per season [31].
Anterior instability that is traumatic results
from acute trauma causing an anterior subluxation or dislocation. Atraumatic anterior instability may result from an acute episode in a lax
shoulder. In traumatic instances, the player
will report a reasonably forceful incident, typically involving abduction and external rotation. Symptoms reported by the player may
include recurrent subluxations/dislocations,
catching shoulder pain and “dead arm” syndrome. The “dead arm” symptoms are brief
episodes of arm numbness and weakness
resulting from impingement or traction of neurovascular structures [10]. The clinical tests for
anterior
shoulder
instability
include
Apprehension, Relocation, and Surprise Tests
(Figs. 49.5 and 49.6, Table 49.1). These have
the highest diagnostic odds ratios (DOR) with
95% confidence intervals, according to
Hegedus et al. [6].
Posterior instabilities are more often
atraumatic, can be voluntarily subluxated, and
are typically part of multidirectional instabilities. Multidirectional instability, defined as a
combination of two or three directional

instabilities, is most commonly atraumatic.

Generalized body laxity is a common finding
in players with multidirectional shoulder instability [7].
Laxity and instability are typically clinically
assessed by a group of symptom-provoking and
relieving instability tests followed by tests to
assess for possible underlying laxity. Eshoj et al.
found good levels of interpreter reliability when
using the Apprehension, Surprise, Load and
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Shift, and Gagey tests (Figs. 49.5, 49.6, 49.7,
49.8 and 49.9, Table 49.1) for shoulder instability
[36]. Commonly used tests, Relocation and
Sulcus Tests, however, require further
standardization to achieve acceptable levels of
interpreter reliability.
a
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49.3.2 Rotator Cuff Tears
Differentiating between full and partial tears of
the rotator cuff is important in deciding the ideal
management pathway. Partial-thickness rotator
cuff tears (RCT) may benefit from conservative
b

Fig. 49.5 The Apprehension test

a

b

Fig. 49.6 The Relocation test

Fig. 49.7 Load-and-shift: anterior direction

Fig. 49.8 Load-and-shift: posterior direction

W. J. Diesel
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a

b

Fig. 49.9 The Gagey (Hyperabduction) test

management, whereas full-thickness RCT should
be sent for a surgical opinion. Unfortunately, current research suggests that most clinical testing,
apart from stronger shoulder abduction strength
in partial RCT, may not be sufficient in separating partial from full-thickness RCT [37].
Musculoskeletal Ultrasonography (MSK US)
is a relatively cheap, practical, and effective tool
that sports medicine practitioners are using to
assist in making a quick and accurate diagnosis.
MSK US can be used to diagnose full-thickness
RCT. However, if the MSK US is negative but
there is a high clinical suspicion of full-thickness
RCT, it is recommended that an MRI should be
performed. MSK US is less reliable for picking
up partial-thickness RCT and an MRI is recommended if conservative management fails [38].
The diagnostic accuracy of clinical tests versus MRI in rotator cuff tears has been compared
[8]. Clinical testing of supraspinatus and subscapularis had reasonable levels of sensitivity but
low specificity implying false-positive tests do
occur. The reason for false positives may be
because pain is considered a positive sign during

testing, but other shoulder pathologies may be
responsible for the pain provocation during testing. Once there is suspected rotator cuff pathology, involving either supraspinatus or
subscapularis, imaging can help to confirm the
pathogenesis. Infraspinatus testing and MRI both
appear not to have good sensitivity or specificity.
This implies, in the case of suspected infraspinatus lesions, MRI scans may not add any additional information to what could be gained from
appropriately conducted clinical tests. Teres
minor lesions are unlikely to be seen on MRI, so
clinical examination appears to be the best
method for detecting lesions in teres minor [8].
RCT typically have a history of sudden pain
onset over the top of the shoulder radiating down
to the deltoid area and complaints of pain with
overhead activities and at rest. Etiologies of RCT
are typically multifactorial with multiple episodes of microtrauma and altered mechanics
(fatigue-related). Symptoms are associated with
deficits in Range-of-Motion (ROM) and muscle
strength [7, 39].
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Table 49.1 Shoulder instability and laxity testing procedures and outcomes
Test
Apprehension

Patient position
Supine with tested
shoulder supported by
edge of examination
table. Shoulder abducted
90°, elbow 90° flexion

Surprise

Same position as
apprehension test

Load-and-shift

Supine with scapular
supported by the
examination table
Arm in 90° abduction,
scapular plane, with
elbow flexed

 – Anterior

 – Posterior

Arm in 20° abduction,
scapular plane, with
elbow flexed
Gagey
Seated with shoulder in
(Hyperabduction) 90° abduction and elbow
flexed. Facing a mirror

Examiner
One hand gently resting in front of
the tested shoulder, other hand
holding the wrist. Examiner’s thigh
supports patient’s elbow. Shoulder
moved towards maximal external
rotation by examiner
At the end position of the
apprehension test, the examiner
gently pushes the head of the
humerus posteriorly (relocation)
then, without warning, removes
their hand
One hand holds the patient’s
olecranon while patient’s hand is
supported by their trunk and elbow
Examiner places hand on back of
the shoulder and gently shifts the
humerus anteriorly

Outcomes
Positive if presence of subjective
or objective apprehension and/or
pain

Positive if presence of subjective
or objective apprehension and/or
pain

Four-level laxity scale is used to
record the amount of laxity
0 = Minimal to no movement
1 = Humeral head moves to
glenoid rim
2 = Humeral travels beyond the
rim of glenoid but relocates
spontaneously after pressure is
released 3 = Humeral head
moves beyond the rim of glenoid
but does not relocate once
pressure is released
Positive if >1 cm movement for
laxity/instability

Examiner places hand in front of
the shoulder and gently shifts the
humerus posteriorly
Stand behind patient and one hand Positive if abduction >105° for
on top of the acromion preventing laxity/instability
elevation of the shoulder. The
other hand supporting the elbow
passively moves the arm into
further abduction

49.3.3 Supraspinatus Tears

49.3.5 Infraspinatus Tears

The tests for supraspinatus tears were Jobe’s
(empty can) test (Fig. 49.10, Table 49.2) and drop
arm test (Fig. 49.11, Table 49.2) [8].

The drop sign test (Fig. 49.16, Table 49.4) when
combined with the resisted external rotation test
(RERT) (Fig. 49.17, Table 49.4) [2, 41] has been
shown to accurately diagnose tears of the infraspinatus tendon. However, these tests are not
capable of accurately distinguishing between full
or partial-thickness RCT [42].

49.3.4 Subscapularis Tears
Yoon et al. (2015) found that while the Lift-Off
sign was very accurate in diagnosis of full-
thickness RCT, other tests were more suitable for
partial-thickness/strength deficits of subscapularis [40]. These tests included the internal rotation lag sign, belly-press, and bear-hug tests
(Figs. 49.12, 49.13, 49.14 and 49.15, Table 49.3).

49.3.6 Teres Minor Tears
Clinical examination of teres minor dysfunction
is essential because imaging is unreliable. Collin
et al. recommend starting posterior rotator cuff
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sprains, may be associated with shoulder
“impingement” [7].
There are cluster of tests including the
cross-
arm (Scarf), active compression
(O’Brien), and resisted extension test
(Figs. 49.21, 49.22 and 49.23, Table 49.6) to
assess AC sprains.
Scapula dyskinesia is associated with AC
sprains and should be included in clinical
examinations of suspected AC sprains. Starting
by assessing scapula position after manual reduction of the AC joint followed by tests described
earlier (specifically SAT and SRT).

examination with an external rotation lag sign
test [43] (Fig. 49.18, Table 49.5). A lag of more
than 10 but less than 40° is indicative of infraspinatus weakness. A lag of greater than 40° indicates infraspinatus and teres minor pathology. If
there is weakness but no Lag Sign, then the Drop
Sign and Patte Maneuver (Figs. 49.19 and 49.20,
Table 49.5) are performed to test teres minor in
90° abduction.

49.3.7 Acromioclavicular Joint
Sprain
Acute acromioclavicular (AC) sprains often
occur when players fall directly onto the
shoulder. Pain is normally well localized over
the AC joint and a step deformity can be felt in
any injury greater than a Type I sprain [44].
Chronic AC pain, resulting from multiple
minor AC injuries or after Type II or III

49.3.8 Subacromial Pain Syndrome
Cools and Michener challenged the use of the term
Subacromial Impingement Syndrome (SIS), used
to describe a host of underlying structural and biomechanical causes of shoulder pain [45]. They supported changing the name to Subacromial Pain
Syndrome (SPS). SPS is considered as one of the
most common sports-related shoulder pathologies.
SPS results from pathology to any of the structures
that sit within the subacromial space. Typical conditions such as subacromial bursitis, rotator cuff
pathology, shoulder laxity/instability, labral tears,
scapular dyskinesis, biceps pathology, muscle
imbalances, glenohumeral internal rotation deficit,
or simply overuse can fall under the umbrella of
SPS [45].
Although not reported as a “common” shoulder injury in professional basketball, it is important for the medical staff to be aware of typical

Fig. 49.10 Jobe’s (empty can) test

Table 49.2 Supraspinatus testing procedures and outcomes
Test
Jobe’s (empty can) test

Drop arm test

Patient position
Seated with arm actively
held in scapular plane and
thumb pointing towards the
floor
Patient seated with arm at
their side

Examiner
Examiner stands in front of
the patient and attempts to
push the arm down.

Outcomes
Positive if pain and
weakness compared to
opposite shoulder

Examiner passively abducts Positive if unable to slowly
lower arm in a controlled
the arm to 90°. Instructs
patient to slowly lower the manner
arm back down
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b

Fig. 49.11 Drop arm test

Fig. 49.12 Lift-off (Gerber’s) test. (Description in Table
49.3)

Fig. 49.13 Internal rotation lag sign. (Description in
Table 49.3)

Fig. 49.14 Belly-press test: biased towards the upper
scapularis. (Description in Table 49.3)

Fig. 49.15 Bear hug test: biased towards the upper scapularis. (Description in Table 49.3)
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Table 49.3 Subscapularis testing procedures and outcomes
Test
Lift-off (Gerber’s)

Patient position
Standing with the back of the
hand against their mid-lumbar
area

Examiner
Standing behind the patient.
Instructs the patient to lift
their hand off their back

Internal rotation
lag sign

Patient standing with back of
their hand resting on their
mid-lumbar spine

Belly-Press

Standing with palm of hand
resting on their abdomen and
elbow anterior to the
mid-axillary line
Patient standing with palm of
the hand placed onto the
opposite shoulder with elbow
parallel to the floor

Examiner lifts hand and
forearm off the lumbar spine.
Instructs patient to hold arm/
hand off their back
Positive if unable to maintain
Patient instructed to press
against their stomach, without elbow position. Upper
scapularis bias
moving their elbow

Bear hug

Outcomes
Positive if unable to lift their
hand off their back. If
abnormal scapular movement
is detected, then scapular
instability may be present
Positive if unable to maintain
forearm/hand position off the
lumbar spine

Examiner instructs the patient Positive if weakness/pain
compared to opposite
to resist an attempt to
externally rotate their shoulder shoulder. Upper scapularis
bias

a

b

Fig. 49.16 Drop sign test

Table 49.4 Infraspinatus testing procedures and outcomes
Test
Drop sign

Patient position
Seated on
examination table

Resisted external
rotation test
(RERT)

Patient seated with
arm at their side and
elbow flexed to 90°

Examiner
Stands behind patient. Supports arm to be
tested in the scapular plane with 90° of
elevation and elbow flexed to 90°. Patient
asked to maintain position after examiner
releases the wrist but continues to support
the elbow
Examiner pushes on the distal forearm to
produce a medially directed force, and
patient provides resistance

Outcomes
Positive if arm “drops” or
“lags.” Amount of “drop” is
measured in degrees.

Positive if weakness
detected compared to
asymptomatic shoulder
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b

Fig. 49.17 Resisted external rotation test (RERT). The test can be performed for each side seperately (a) or for
both sides simultaneously (b)

a

b

Fig. 49.18 External rotation lag sign

symptoms and how to best assess SPS. As in other
shoulder pathologies, the etiology and subjective
history help guide the clinician’s choice of tests.
Etiology is often the gradual onset of symptoms
related to overuse, changing technique, or postural changes caused by injuries to a part of the
distant kinetic chain. The main symptoms of SPS
include the following:

• Lifting activities provoking an ache or sharp
pain in the shoulder or upper arm.
• Pain reproduced moving the arm through a
specific range of motion (painful arc).
• Stiffness or weakness whenever the arm is used.
• Lying on the painful side is uncomfortable and
may disturb sleep.

W. J. Diesel
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Table 49.5 Teres minor testing procedures and outcomes
Test
External rotation
lag sign

Patient position
Patient seated, elbow flexed to
90° and shoulder elevation 20°
in the scapular plane

Drop sign

Patient seated, elbow flexed to
90°, shoulder elevated to 90°
of abduction in scapular plane
and externally rotated to 90°

Patte maneuver

Patient seated, elbow flexed to
90°, shoulder elevated to 90°
of abduction in scapular plane
and neutral rotation

Fig. 49.19 Patte maneuver

a

Fig. 49.21 The active compression (O’Brien’s) test

Examiner
Examiner passively moves the
arm into 5° short of maximal
external rotation. Patient
instructed to maintain that
position.
Examiner supports the elbow
and wrist. Examiner releases
hold of the wrist and instructs
patient to maintain position
against gravity
Examiner supports the forearm
on the top of their forearm.
Instructs the patient to
externally rotate against
resistance

Outcomes
Positive for infraspinatus
weakness if lag >10°. Positive
for infraspinatus and teres
minor dysfunction if lag >40°.
Positive if unable to resist
gravity and shoulder internally
rotates.

Positive if external rotation is
less than grade 4 strength
(Medical Research Council)

Fig. 49.20 Cross-arm adduction (Scarf) test

b
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Fig. 49.22 Resisted extension test
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Fig. 49.23 Hawkins-Kennedy impingement sign

Table 49.6 Acromioclavicular joint testing procedures and outcomes
Test
Cross-arm
adduction
(scarf)

Active
compression
(O’Brien)

Resisted
extension

Patient position
Patient standing or
seated. Elbow
flexed to 90° and
shoulder at 90°
flexion.
Patient seated or
standing. Arm held
in 90° shoulder
flexion and approx.
15° horizontal
adduction, elbow in
full extension

Examiner
Patient instructed to horizontally adduct
their arm and place their hand on the
opposite shoulder. Examiner then
pushes arm into more horizontal
adduction
Patient instructed to fully internally
rotate their shoulder and pronate their
forearm. Examiner places their hand on
the forearm and instructs the patient to
push upwards. The patient then returns
their shoulder and forearm to a neutral
position and push up against the
examiner again
Patient seated with Examiner stands behind patient. One
elbow flexed to 90°, hand rests on top of the
acromioclavicular joint and the other
shoulder in 90°
flexion, and internal hand on the back of the elbow. Instructs
patient to attempt to horizontally abduct
rotation.
against resistance

Outcomes
Positive if localized pain on top of
the shoulder is provoked

Positive if pain is reproduced in the
first position but absent in the
second position. Note: If pain is
superficial, then acromioclavicular
pathology is likely. However, if pain
is deep within the joint, then labral
pathology should be suspected.
Positive if localized pain on top of
the shoulder is provoked

Park et al. reviewed eight different clinical
tests for diagnostic value in predicting SPS and
found the cluster of positive tests (Hawkins-
Kennedy impingement sign, the painful arc sign,
and the infraspinatus muscle test—Figs. 49.24
and 49.25, Tables 49.5 and 49.7) provided 95%
likelihood for SPS [41]. Sports medical staff
could also use the closed kinetic chain upper
extremity stability test (CKCUES Test)
(Table 49.7) as a reliable functional performance
test in SPS [46].

Fig. 49.24 Painful arc sign
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a

b

Fig. 49.25 Closed kinetic chain upper extremity stability test
Table 49.7 Subacromial pain syndrome (SPS) testing procedures and outcomes
Test
Hawkins-
Kennedy
impingement
sign

Examiner
Examiner flexes the patient’s
elbow to 90° then forward flexes
the arm to 90°. Examiner then
places one hand on the patient’s
scapular (to assess scapular
movement) and with the other
hand gently rotates the patient’s
arm into internal rotation.
Painful arc sign Patient standing with arms
Examiner instructs patient to lift
relaxed by their sides
arm, in the scapular plane, to
full elevation and then lower the
arm back to the starting position
To start the test, the examiner
Closed kinetic Male patients in press-up
instructs the patient to alternate
position. Females in
chain upper
touching the opposite hand and
modified (kneeling)
extremity
press-up position. Back flat, return back to the starting
stability
position. Examiner counts how
arms perpendicular over
hands, hands 36 inches apart many times the patient touches
in 15 s. Rest for 45 s and repeat
(marked with two lines)
3 times

49.4

Patient position
Patient standing with arms
relaxed by their sides

Summary

Shoulder injuries in professional basketball, tend
not to be a common injuries. However, shoulder
function is essential in many basketball activities,
especially shooting and dribbling, so an injury to

Outcomes
End range of internal rotation is
either when patient reports pain
or scapular starts to rotate. Test is
positive if pain is reported

Positive if pain or painful click
felt between 60 and 120° of
elevation
Acceptable test if back remains
flat, knees do not touch the
ground (males), weight-bearing
upper extremity perpendicular to
hand, feet stay in starting
position. Rating Numeric Rating
Scale used if pain reported.
Normalized score determined by
dividing patient’s height by
number of touches. Power Score
determined by multiplying the
average number of touches by
68% of body weight and divided
by 15. A meaningful difference is
at least 3 touches

the shoulder is likely to impact the ability to perform. Because sports medicine practitioners, in
basketball, do not commonly see shoulder injuries when i njuries to the shoulder occur, they may
be misdiagnosed or downplayed. Sports medicine practitioners therefore need to remain up to
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date with constantly evolving diagnostic tests for
shoulder pathology.
The aim of this chapter was to highlight the
most frequently seen shoulder pathologies in professional basketball and to provide sports medicine practitioners with appropriate clinical tests
for each of the pathologies. Numerous structures
within and distant to the shoulder may be responsible for causing the pain or dysfunction. Before
subjecting the player to multiple pain-provoking
clinical tests, a detailed history should be taken.
History taking should include the precise site of
pain, nature of the onset of pain/dysfunction,
mechanism and shoulder position when injury
occurred if acute, aggravating movements/positions in chronic cases, severity of pain, and
impact on their ability to perform. Another key
take-home point is that alterations to the players’
kinetic chain, such as poor posture or scapular
dyskinesia, often play a role in the pathogenesis
of shoulder problems and must be included in the
clinical examination.
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50.1

Introduction

Functional movement testing has become an integral and standard athlete assessment procedure at
all levels of basketball. While the actual procedures may vary quite significantly, the ultimate
goal tends to be the same. Athletes are asked to
perform movements that replicate those that occur
during their sport, with the goal of identifying subtle or gross movement deviations from what we
would consider optimal. Upon identifying these
aberrant motions, we may implement corrective
interventions in an effort to correct the deviations
and restore optimal movement characteristics.
Depending on the resources available and type
of data desired, our methods of analyzing functional movement may vary greatly. In this chapter, we will discuss two methods of analysis. The
first method, “clinical observation” involves the
clinician observing and grading athlete quality of
movement as certain functional tasks are performed. The second method is performed in a
biomechanical laboratory utilizing built-in force
plates and 3D motion analysis to capture both
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J. B. Taylor
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movement quality and force production information, in a highly detailed manner, while functional movements are performed.

50.2

Clinical Observation:
Functional Movement
Testing

The most common method of functional movement testing is performed by a clinician observing
and grading an athlete’s quality of movement
while a certain functional task, or group of tasks,
are performed. While expensive equipment is not
required often, it is helpful to record the test using
a 2D camera (such as a smartphone camera) to
allow repetitive reviewing of the test, visual feedback to the athlete, and the ability to archive the
movement result for later comparison. There are
numerous functional movements that may be used
as a test. When deciding which tests to implement, it is most appropriate to choose tests that
replicate movements that commonly occur in the
athlete’s sport and/or provide information that
will improve athlete training for their sport.
Functional movement tests include, but are not
limited to: squat, single-leg squat, single- and
double-leg hop movements, vertical jump, lunge
(varied directions), hurdle step, and balance tests.
Clinicians often choose to utilize multiple functional movements to create a battery of tests to
establish a comprehensive view of how their ath-

© ESSKA 2020
L. Laver et al. (eds.), Basketball Sports Medicine and Science,
https://doi.org/10.1007/978-3-662-61070-1_50

645

N. D. Potter and J. B. Taylor

646

letes move. In effort to quantify quality of movement, several of these test batteries have been
assigned scoring systems with the goal of creating
thresholds that might indicate possible injury risk
and/or need for corrective interventions [1, 2].
An example of a battery of functional tests is
the functional movement screen (FMS). This battery consists of seven individual tests that challenge an athlete’s fundamental movement patterns
and are scored based on the athlete’s performance
and motor control [1, 2]. Though commonly used
in the clinical setting, this battery is not specific to
basketball loading and movement demands. More
specific to basketball, the landing error scoring
system (LESS) quantifies landing biomechanics
using two-dimensional video in the sagittal and
frontal planes that can be taken on a tablet or other
mobile device [3]. Clinicians observe the video
recordings and score the athlete on 17 different
criteria, including knee flexion and valgus angles
and foot position when landing.
It is important to understand the current evidence and limitations of these tests, especially
when it comes to predicting injury and implementing injury prevention programs. The most
recent evidence in the literature has found
individual tests and battery of tests are unable to
reliably predict injury [4–6]. This may be because
of the lack of sport specificity. The FMS does not
require any jumping and landing, and the LESS
only evaluates athletes during a controlled two-
Lateral View

Fig. 50.1 Squat test

legged landing though basketball injuries are
most commonly seen during single-legged jump
landings. However, this does not mean the tests
do not provide valuable and useful data. If our
goal is to train athletes to move as efficiently and
effectively on the court as possible, we need to
understand how they are currently moving and
where they might have deficits. Understanding
how the athlete moves will provide the foundation for additional investigation and ultimately
the roadmap to implementing interventions to
optimize performance. Furthermore, while there
is not great evidence to support prediction of
injury through testing, there is an abundance of
evidence to support various forms of training to
prevent injury [7–11].
When choosing functional movement tests to
implement in basketball, one must consider the
physical demands of the game and component
motions that make up those demands. On the
court, a basketball player performs repetitive and
quick movements including dropping into a
defensive stance, lateral sliding, jumping, landing, running, and changing direction. We find the
squat (Fig. 50.1), single-leg squat (Fig. 50.2), and
single-leg hop (Fig. 50.3) tests provide great
insight into these basketball-specific movement
demands. The squat test provides information on
how an athlete gets into a defensive stance and
their movement quality during a double-leg jump.
The single-leg squat provides information regardFrontal View
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Frontal View

Fig. 50.2 Single-leg squat test

Lateral View

Fig. 50.3 Single-leg hop test

Frontal View
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ing how well they can stabilize proximally while
bending through the kinematic chain as during
running, cutting, and single-leg jumping. The
single-leg hop test demonstrates how the athlete
may generate force (during take-off), dissipate
force (on the landing), and what their actual
single-leg jumping ability might be via the distance they can jump. The last aspect, jump distance, actually holds the least worth in our
experience as this often does not correlate with
jump height.

50.3

Example: Clinical
Observation—Functional
Movement Testing

While there are many methods and philosophies for assessing functional movement tests,
we will describe one that is systematic, practical and provides applicable information. For

each test, we will begin our observation from
the side (lateral view) asking the athlete to perform 10 repetitions (1–2 jumps for single-leg
hop) of the desired movement. During the first
set of repetitions (from the side view), we will
quickly but carefully scan through a system of
inspection. First, identifying the general trunk
angle (in relation to the ground). Second, looking at the spine and pelvis for any deviation
from neutral. Third, looking at the lower
extremity for depth, knee position, and foot
contact with the ground. Following observation
from the side, we will move to view the athlete
from the front (frontal view) asking them to
perform one more set of the same movement. In
this position, we are looking for asymmetries in
pelvic position and lower extremity alignment
(hip-knee-foot).
Boxes 1, 2, and 3 provide an order for investigating each region and associated ideal and common dysfunctional movement qualities.

Box 1
Movement test View Region
Squat test
Lateral Trunk angle
Spine
Lower
extremity
Frontal Lower
extremity

Ideal movement
35–55°
Neutral spine
Knee angle
55–90°
Aligned
hip-knee-foot

Common dysfunctional movements
Vertical (>60°), hip flexion (<30°)
Thoracic flexion, lumbar flexion, increased
Lordosis, posterior pelvic rotation
Decreased depth (<45° knee), knees FW >2″
past toes, heel lift off ground
Knees inward collapse (hip IR and ADD)

Box 2
Movement test View Region
Single-leg
Lateral Trunk angle
squat test
Spine
Lower
extremity
Frontal Lower
extremity

Ideal movement
35–55°
Neutral spine
Knee angle
55–90°
Aligned
hip-knee-foot

Common dysfunctional movements
Vertical (>60°), hip flexion (<30°)
Thoracic flexion, lumbar flexion, increased
lordosis, posterior pelvic rotation
Decreased depth (<45° knee), knees FW >2″
past toes, heel lift off ground
Pelvic drop, knees inward collapse (hip IR and
ADD)
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Box 3
Movement test View Region
Single-leg hop Lateral Trunk angle
(take off)
Spine
Lower
extremity
Frontal Trunk
Lower
extremity
Single-leg hop Lateral Trunk angle
(landing)
Spine
Lower
extremity
Frontal Lower
extremity

50.4

Ideal movement
35–55°
Neutral spine

Common dysfunctional movements
Vertical (>60°), hip flexion (<30°)
Thoracic flexion, lumbar flexion, increased
lordosis
Knee angle 55–90° Decreased depth (<45° knee), hip flexion
No rotation
Aligned
hip-knee-foot
35–55°
Neutral spine
Knee angle 55–90°
Aligned
hip-knee-foot

Laboratory-Based
Movement Assessments

When resources allow, the basketball athlete may
have the opportunity for movement assessment in
a laboratory setting. These facilities allow for
more robust and accurate analysis, but require
more time, manpower, and cost. The following
sections will detail the instrumentation, type of
data, and specific tests that can be used to provide
high-level information on a basketball player’s
movement pattern.

50.4.1 Motion Capture Technology
A laboratory generally utilizes 8–16 motion
analysis cameras integrated with 2–3 in-ground
force platforms. These cameras can collect data
at up to 300 frames per second, and an elaborate
software package transforms the two-dimensional coordinate system from each camera into
a global three-dimensional coordinate system in
the devoted motion analysis capture volume. To
collect the data, the athlete must be instrumented
with passive (retroreflective) or active (light
emitting) markers that are placed to either define
an anatomical landmark (joint) or function as a
tracking marker for a segment of the body. Once
instrumented, the athlete stands in a normal and

Trunk rotation
Pelvic drop, knees inward collapse (hip IR
and ADD)
Vertical (>60°), hip flexion (<30°)
Thoracic flexion, lumbar flexion
Decreased depth (<45° knee), straight knee
(<15° knee)
Pelvic drop, knees inward collapse (hip IR
and ADD) trunk rotation

neutral standing posture as a reference for which
to measure all future joint movement. Alone, the
motion capture camera technology can supply
angular kinematic data such as peak angles,
angular excursions, and joint velocities and
accelerations.
Force platforms (or plates) typically use either
strain gauge or piezoelectric crystals to quantify
forces at sampling rates typically around 1200
times per second. This technology can provide
ground reaction forces in three dimensions (vertical, anterior/posterior, medial/lateral). Force platforms sum together all forces sensed on one
platform, and in essence provide a center of pressure for those measures. Biomechanists use a
method called inverse dynamics to integrate
three-dimensional kinematic data with ground
reaction vectors to calculate three-dimensional
forces at various joints. These estimates of muscle torque production can provide valuable
insight to an athlete’s movement pattern. Forces
can also be measured by portable, flexible, in-
shoe force- or pressure-measurement systems
that can allow for real-time force and/or pressure
measurement during basketball activities like
running, jumping, and cutting.
For a more in-depth perspective of three-
dimensional motion analysis, please refer to a
biomechanics textbook [12], as this section only
provides a brief overview of these techniques.
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50.4.2 Movement Tests
All of the movement-based tests described previously in the clinical assessment section can also
be analyzed using three-dimensional motion
analysis. Two-dimensional analysis can adequately identify sagittal and frontal plane kinematic during a double- and single-legged squat.
Three-dimensional analysis can provide objective data to a higher level. Kinematically, higher
level analyses can provide data on transverse
plane motion, such as hip and knee rotations, a
common element of dynamic lower extremity
valgus. Joint moments can be calculated to identify torque production during the activity. Of particular interest may be the distribution of
moments in the sagittal plane to identify hip(gluteus maximus) or knee- (quadriceps) dominant movement patterns.
Three-dimensional movement analysis can
also be used to quantify movement patterns
during more dynamic jump landing tasks that
can simulate a basketball shot or rebound. The
drop vertical jump (DVJ) (Fig. 50.4a) is the
gold-standard task to assess jump landing biomechanics. To perform the DVJ, participants
stand on a 30-cm box with their feet spaced
35-cm apart. The athlete is instructed to fall
forward off the box (without stepping or jumping), land with both feet on separate force platforms and immediately perform a maximal
vertical jump. Variables of interest from the
DVJ include peak knee and hip flexion angles
and moments, sagittal plane angular excursions, peak knee abduction angles and moments,
and the distribution of sagittal plane moments.
The DVJ has been used to prospectively identify individuals at higher risk of primary [13]
and secondary [14, 15] anterior cruciate ligament (ACL) injury.
The single-leg countermovement jump
(Fig. 50.4b) has been reported to best elicit asymmetrical lower extremity function [16]. This test
is performed with athlete balancing on one limb
on a force platform. They are then asked to perform a maximal vertical jump while reaching
with the opposite upper extremity for a physical
target over their head that was previously set at a

N. D. Potter and J. B. Taylor

height equal to their maximum double-leg countermovement jump height. Three-dimensional
motion analysis of the single-leg countermovement jump can provide accurate analysis of jump
height by measuring the vertical displacement of
the athlete’s center of mass, and similar to the
other tasks, an elaborate analysis of the distribution of sagittal plane joint torques.
The single-leg lateral hop (Fig. 50.4c) integrates a number of basketball-specific demands
into one task: (1) lateral demands (defending),
(2) vertical demands (rebounding, defending,
shooting), and (3) single-leg landings (rebounding, cutting). For this task, the athlete stands a
distance equal to one half of their height away
from the side of the force plate. The athlete is
then instructed to balance on the outside leg,
jump to the side, and land on their other leg and
immediately perform a maximal vertical jump
reaching for a target with the hand opposite the
jumping leg [17]. Because of the basketball-
specific demands, this test best differentiates the
mechanics of a basketball player from athletes of
other sports [18]. Additionally, this task elicits
high levels of knee abduction moments and ankle
inversion velocity and moments which have been
identified as predictors of future knee [13] and
ankle [19, 20] injury, respectively.
Repetitive hopping tests may also provide
valuable clinical information. Basketball often
demands consecutive vertical hops in order to
defend and rebound. A 10-second single-leg hop
for height test requires the athlete to jump as
quickly as possible for as much height as possible
in a controlled manner on one leg. Because of the
single-leg nature of this test, it is easy to identify
side-to-side asymmetries. Additionally, one can
measure the degree of height degradation over
time, with the least amount of degradation
wanted. The movement quality can also be
assessed as athletes often transition from a more
preferred hip-dominant strategy for maximum
height to a knee- or ankle-dominant strategy for
quickness as they become fatigued.
Box 4 provides a summary of the most common and applicable laboratory-based functional
movement tests used in the analysis of elite basketball players.
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a

b

c

Fig. 50.4 Biomechanical lab testing. (a) Drop vertical jump (DVJ). (b) Single-leg countermovement jump. (c) Singleleg lateral hop
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Box 4 Fact Box

Lab-based movement assessment tests can
provide valuable information on movement
quality, including joint angles and torques.
Examples of basketball-specific tests include:
•
•
•
•

50.5

Drop vertical jump
Single-leg countermovement jump
Single-leg lateral hop
10-second single-leg hop for height

Movement Correction/
Biomechanical Enhancement
Philosophy

The ultimate goal of testing is to obtain data that
will better inform decision-making of how to best
train each athlete. Functional movement testing
provides valuable information regarding “how”
an athlete moves. While this is extremely important, it does not indicate “why” they are moving
that way. When working with an elite athlete,
there must be a comprehensive understanding of
the “why” (meaning their underlying biomechanics) to improve “how” they move. Thus, it is
essential to combine functional movement testing results with additional testing measures such
as range of motion and strength testing in additional to their injury history. With this additional
information, when an athlete displays an aberrant
motion during a functional movement test, the
clinician will better be able to identify if it is
impacted by specific areas of tightness, weakness, or poor motor control (possibly learned
compensatory movement).
Upon completion and assessment of various
tests, there should be a complete picture of the
athlete’s biomechanical function. At this point,
the program transitions from testing and assessment into implementing the corrective and biomechanical enhancement interventions. As with
any physical performance program, it is helpful

to break up the process into phases where different principles may be emphasized. Box 5 below
provides a clinical example, the corrective/biomechanical enhancement program progression
through 3 phases. Phase-1 involves prescribing
specific interventions to correct the underlying
isolated variables contributing to “why” they
have a dysfunctional movement test. Once the
isolated variables have been treated there is a progression into Phase-2, functional movement
training. In Phase-2, interventions are implemented that specifically address the issues we
may have found during the functional movement
testing (Example interventions [Fig. 50.5a-c]).
With a strong base of functional movement
Phase-3 begins, basketball-specific integration.
In this final phase, the goal is to optimize biomechanical carryover into high-level basketball
activity. Thus, it is essential to train the athlete on
the court, with a ball in their hands and moving
against an opponent to stimulate environment
and unanticipated nature of the game to obtain
optimal carryover into game performance
(Example interventions [Fig. 50.6a, b]). In recent
years, it has been highly advocated that all
athletes, not just those with poor movement

tests, progress through the final two phases consisting of functional movement training and
sports-specific training. When specific interventions enhance movement quality, reduce movement compensation, and improve biomechanical
performance, resulting in potential reduced injury
risk and improved functional performance
on the court, then all athletes should be given
them.

50.6

Summary

Functional movement testing is a valuable assessment tool that provides informative data regarding how an athlete moves. While the available
resources and technology used to conduct the
testing may vary, it is always essential to choose
functional movements to test that replicate the
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a

Base of Squat Series

1.) Squat

Squat to Calf Raise

b

Squat to Hop

Slider: Start Position

c

Fig. 50.5 (a) Squat series. (b) Sliders to the back. (c) Step-up drive

Slider: Finish Position
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Lunge Drive to Basket

a

Lunge Drive against another player

b

Fig. 50.6 (a) Lunge drive to basket. (b) Lunge drive against another player

Box 5
Movement correction/training philosophy
Phase
Corrective category
Intervention objective
Phase 1 Isolated variable
Joint mobility
interventions
Muscle extensibility
Muscle strength
Muscle co-activation
Phase 2

Functional movement
training

Functional joint mobility
Functional muscle
extensibility
Functional strength/
stability
Neuromuscular
coordination

Phase 3

Basketball specific
integration

Motor control
Power
Technical skill/awareness
Sport vision

Intervention example
Posterior-to-anterior hip mobilization
Anterior hip stretch
Hip extension (prone)
Hip extension with transverse abdominis
stabilization (standing)
 1. Squat series (mini band at knees)
[Fig. 50.5a]
  – Squat
   – Squat to calf raise
   – Squat to hop
 2. Sider to Back (lightly resisted)
[Fig. 50.5b]
 3. Step-up drive (resisted) [Fig. 50.5c]
 1. Lunge drive (resisted) to basket with
ball [Fig. 50.6a]
 2. Drive against player with ball
[Fig. 50.6b]
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demands of high-level basketball. When considering the most recent evidence in the literature,
we have to be careful not to associate testing
results with injury prediction; however, it is
important to know our various interventions
following testing have a profound impact on

injury prevention. These interventions will
always have the greatest impact on health and
performance when progressed into functional
movement and basketball-specific training.
Lastly, while it is outside the scope of this chapter, when considering the impact of movement
quality on athlete performance and well-being,
we must appreciate their physical loading history.
The greater the loading demands placed upon an
athlete, the more important it is for them to perform with optimal quality of functional movement, with minimal compensation, for prolonged
success.
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51.1

Introduction

Basketball is a non-contact sport that involves
fast acceleration and deceleration with cutting
manoeuvres and high physical demands that may
expose the participant to the risk of injury.
Increased knowledge of injury prevention is an
important mission, as basketball is one of the
most popular sports in the world at all levels,
among both men and women and the young and
old. To be able to minimise the overall risk of
injuries, prevention strategies for both acute and
over-use injuries must be implemented and, optimally, also individualised.
In basketball, injuries to the lower extremities
are by far the most common. In a newly performed systematic review [1], it was shown that
63.7% of all injuries, irrespective of gender and
level, were seen in the lower limbs; 21.9% in the
ankle and 17.8% in the knee. Wrist, hand, and
finger injuries were most common in the upper
extremities, even if only 12–14% of all injuries
occurred in the upper limbs. However, the injury
rates differed between genders and level of play
(Table 51.1).

Table 51.1 Percentage of men, women, professional
players, and children and adolescents who sustained an
ankle or knee injury [1]
Children and
Injury
Men Women Professional adolescents
17.5
25.6
Ankle (%) 14.6 19.5
of all
injuries
19.5
16.3
Knee (%) 17.5 20.6
of all
injuries

For professional athletes playing in the
National Basketball Association (NBA), a
17-year follow-up showed that 50% of the injuries were game related and the ankle was the
most injured body part [2]. Surprisingly, no correlations were found between the injury rate and
the demographics of the players, or their experience of playing in the NBA.
On the other hand, in recreational basketball
players, it has been found that defending, weight
over 75 kg, increased postural sway, and high
vertical ground reaction force are significantly
correlated with an increased risk of injury [3].

Fact Box
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In basketball, ankle and knee injuries are
the most common injuries in both female
and male players.
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51.2

Risk Factors

When it comes to preventing injuries, one important aspect is being able to identify the risk factors both generally and individually. Injuries can
be caused by both trauma and overload. Either
way, the injury risk increases when the applied
load and the capacity of the player are unbalanced. So, in order to prevent injuries in basketball, it is as important to screen basketball players
individually for physical and psychological
deficits as it is to take control of the applied load.
If the applied load is too high for the players’
capacity, there is an increased risk of injury. On
the other hand, if the load is too low, the training
has no effect.

51.2.1 T
 he Importance of Optimal
Load
In 2015, the International Olympic Committee
(IOC) held a consensus meeting for scientific
evidence in the field of associations between
load and healthiness in sport. The IOC defined
the concept of load as “the sport and non-sport
burden (single or multiple physiological, psychological, or mechanical stressors) as a stimulus that is applied to a human biological system
(including subcellular elements, a single cell,

tissues, one or multiple organ systems, or the
individual)” [4]. A load can be internal or
external and, in order to avoid injuries due to
too high load, it is important to monitor both
internal and external loads. Examples of internal load include sleep, heart rate, perception of
exercise, and psychological well-being.
External loads can include training and competition type, frequency and time of training, and
competition and neuromuscular function [4,
5]. Putting it all together, in order to increase
capacity, the total load applied to the player
must be followed by an appropriate time of
recovery (Fig. 51.1).
A useful, reliable, and valid tool for monitoring the total training load is the session ratings of perceived exertion (sRPE) [6, 7]. This
method includes both internal and external
load monitoring. The session RPE is a quota
between the external load in terms of time and
the internal load in terms of the rate of perceived exertion on the RPE scale (Fig. 51.2)
[7]. The sRPE has been endorsed when scheduling training loads for basketball players [8].
One of its qualities is that it is very simple to
use. About 15–30 min after training, the coach
asks the athlete: “How was your training?” and
the individual answers using a numerical score
between 1 and 10 according to the RPE scale.
It is then possible to see whether the training

CAPACITY

Increased
capacity

Base
level

Reduced
capacity

Load

Recovery

Load

Recovery

Load

TIME

Fig. 51.1 Example of appropriate loads and recovery times resulting in increased capacity

Recovery

Load
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RATING OF PERCEIVED EXERTION (RPE SCALE)

10

Maximal

9

Really, Really Hard

8

Really Hard

7
6

Hard

5

Challenging

4

Moderate

3

Easy

2

Really Easy

1

Rest

Fig. 51.2 RPE scale [7]

load is getting too high with regard to the exercises performed [9].

51.2.2 R
 isk Factors in Professional
Athletes
One of the greatest risk factors for injuries is previous injuries. A muscle or a ligament might have
healed and be pain free, but it has not acquired
the strength needed to return to play [10].
When evaluating injury risk factors resulting
in missing or leaving a game in 627 players in
the NBA in 2012–2015, the results showed that a
higher performance load (frequency of rebounds
and field goal attempts), fatigue (accumulated
competition minutes and number of days rest),
and more years of playing in NBA were identified as risk factors [11]. In this study, it was
shown that, for every 96 min of playing, the risk
of injury increased by 2.9% and, for each day of
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rest, it decreased by 16%. The performance load
was related to an increased injury risk. When a
player increased the number of rebounds by
three above his/her average, the odds of injury
also increased by 8.2%. Every three field goal
attempts above the player’s average increased
the odds of injury by 9.9%. Another interesting
result was that, for every year played in the NBA,
the risk of injury in the first game of the season
increased by 3.0%. Height appeared to affect
injury risk as well, as similar players with a 6 cm
height difference had different odds of sustaining an injury by 10.6% in favour of the taller
players [11].
In the National Collegiate Athletic Association
(NCAA), the overall injury rate was higher for
men than women (7.9 vs. 8.2 per 1000 athletic
exposures (AE), respectively). Overall, non-
time-loss injuries were more frequent than time-
loss injuries. Both in practice and in competition,
the rate of time-loss injuries was higher in men
than in women (3.2 vs. 2.9 per 1000 AE, respectively). Contact with another player may be a
common cause of injury in men, while non-
contact and over-use injuries are more typical
mechanisms of injury in women [12].

51.2.3 Risk Factors in Young Players
Injury risk for younger participants differs from
that in adults. Growth can make the cartilage and
the soft tissues more vulnerable in younger people than in adults. During growth, there are anatomical and physiological factors to consider,
where growth plates might be affected, as well as
muscle strength and flexibility [10]. In general, it
has been shown that, in young athletes (between
5 and 17 years), traumatic injuries are more common in boys, while over-use injuries are more
common in girls [13, 14].
Biomechanics play an important role when
executing specified movements such as jumping/
landing, cutting manoeuvres, and acceleration/
deceleration. The differences between boys’ and
girls’ performances during these activities may
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Fig. 51.3 A list of
advice for preventing
injuries in young players
published by Stracciolini
et al. 2017 [10]

• Encourage general health maintenance and fitness year-round
• Suggest temporary reductions or restructuring in training load to allow for more
adequate rest between training sessions during vulnerable periods of growth
• Educate young women athletes and their parents about neuromuscular training
programs to reduce anterior cruciate ligament and other lower extremity injuries
• Encourage participation in neuromuscular training programs aimed at building hip
and core strength especially for young prepubescent girl athletes (optimally before
signs of injury)
• Encourage proper sleep hygiene including maximizing sleep quantity and quality
each night
• Encourage plenty of time for free play, “cross training,” and sport diversity early in
childhood (delaying specialization in a single sport until late adolescence)
• Encourage proper sport-specific gear use and fit
• Enforce early recognition of sport-related concussion and removal from competition
until medical evaluation, treatment, and clearance for return to sport criteria have
been met
• Educate young athletes about the symptoms of concussions and encourage them
to report symptoms promptly to coaches, trainers, and parents
• Support and advocate for policies that promote fair play and rule enforcement as
well as youth sports schedules that do not compromise sleep

be part of the explanation of why ACL injuries are
more common in girls than in boys, comparing
the same sport [10]. A useful list of advice for preventing injuries in young players was published
by Stracciolini et al. in 2017 [10] (Fig. 51.3).

an athlete is ready to return to play [16]. The optimal way would be to make an assessment at the
beginning of the (pre-)season to have a baseline
for the athletes’ functional status. Even though
screening tests do not appear to be able to identify injury risk, the tool might be valuable for a
return to sports/play evaluation [17].

Fact Box

• The injury risk increases when the
applied load and the capacity of the
player are unbalanced.
• A useful tool for monitoring total training load is the session ratings of perceived exertion (sRPE).
• One of the strongest risk factors for
injuries is previous injuries.
• It has to be remembered that the injury
risk for young basketball players differs
from that for adults.

51.3

Prevention of Injuries

There is some evidence that preventive actions
and programmes tailored to lower leg injuries
may prevent general injuries in the lower leg, as
well as ankle sprains, but not anterior cruciate
ligament (ACL) injuries in basketball players
[15]. Screening and functional movement analysis might also be a good way to evaluate whether

51.3.1 Prevention Programmes
for the Lower Extremities
Many neuromuscular prevention programmes
have been created for athletes and quite a few
have shown good results [15]. One difficulty is
often finding time to implement these programmes in the training sessions.

51.3.1.1 11+ Programme
One programme that has been shown to be
effective in reducing injury rates in the lower
extremities among basketball players is the 11+
(formerly known as the FIFA 11+) [19], originally designed for football (soccer) players [18].
It has subsequently been shown that this programme also functions well for other sports
where cutting manoeuvres, jumping, and acceleration/deceleration are prominent. Specifically,
the programme has been shown to be effective
in preventing injuries in elite male basketball
players [19].

51 Injury Prevention in Basketball
Table 51.2 The Warm-up Exercise Program, published
by Longo et al. [19], has been shown to be effective in
reducing the injury rate among elite basketball players
Exercise
Repetitions
I. Running exercises, 8 min (along the major diameter
of the basketball court, about 28 m)
Running straight ahead
10
Running, hip out
2
Running, hip in
2
Running, circling
2
Running and jumping
2
Running, quick run
2
II. Strength, plyometrics, balance, 15 min
Bending with both legs
10 × 3
Nordic hamstrings lower
10 × 3
Single-leg balance
Level 1: holding ball
2 (each leg)
Level 2: throwing ball with 3 (each leg)
partner
Level 3: testing partner
3 (each leg)
Squats
Level 1: with heels raised
2 × 30 s
Level 2: walking lunges
2 × 30 s
Level 3: 1-leg squats
2 × 10 (each leg)
Jumping
Level 1: vertical jumps
3 × 15 s
Level 2: lateral jumps
Three times along the
major diameter of the
basketball court
Level 3: box jumps
Three times along the
major diameter of the
basketball court
III. Running exercises, 1 min and 40 s (along the major
diameter of the basketball court, about 28 m)
Running over pitch
3
Bounding run
3
Running and cutting
3

The programme, which consists of different
warm-up exercises, is designed to take 25 min to
complete and is recommended to be performed
twice a week (Table 51.2) [18].

51.3.1.2 Special Prevention
Programmes for Ankle
Injuries
For basketball players in the NBA, the overall
risk of sustaining an ankle sprain is 26% in every
season [20], so the need for prevention actions is
high. The prevention of ankle sprains in basketball could take the form of either programmes to
improve balance and/or proprioception in the
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ankle or external ankle braces or a combination
of both.
In a randomised, controlled trail, Eils et al.
[21] showed that a 20-min programme comprising six different stations with balance and proprioception exercises performed once a week
was able to reduce the risk of an ankle sprain by
35% in 198 basketball players. The exercises
were performed barefoot and consisted of single-leg balance exercises on different surfaces,
as well as jumping exercises with and without a
basketball.
External ankle devices could be braces, taping, or high-top shoes. There is no consensus on
whether a brace or taping is superior, but it has
been suggested that an ankle brace is preferable
to high-top shoes [15].

51.3.1.3 Special Prevention
Programmes for Knee Injuries
A severe injury that may be career ending is an ACL
injury. The need for prevention programmes for
ACL injuries in basketball is highly desirable, as the
injury rate for ACL injuries in basketball is rising,
especially among female athletes [22]. The prevention programmes for an ACL injury in basketball
focus primarily on neuromuscular training, including landing strategies. Unfortunately, these programmes may not be effective enough to prevent
ACL injuries in female basketball players compared
with female athletes in football (soccer) or handball
[23]. The reason for this is not fully understood, but
it has been suggested that the prevention programmes need to be more specifically designed for
the typical demands in basketball, in terms of biomechanical requirements, and that the same programs are tested across sports to allow for accurate
comparison [23, 24]. However, a recent 12-year
prospective intervention study reported promising
results in preventing ACL injuries in female basketball players [25]. This prevention programme was
implemented for 8 years in 448 basketball players
who performed the programme three times a week,
for 20 min each session. The aim was to improve
hip joint function through balance exercises,
strength training for hip muscles, and landing strategies after jumping. This programme was shown to
reduce the rate of ACL injuries significantly [25].
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51.3.2 Prevention Programmes
for Concussion
A concussion is a severe head injury that can sometimes even lead to the end of a sports career. A
mouthguard has been proposed as a safety instrument in contact sport, and it appears to reduce the
risk of injury by up to 19%, as well as reducing the
risk of orofacial injury. Changing policies in
(youth) basketball might also be of benefit, as has
been done in youth ice hockey, where regulations
in terms of body checking were changed [26].

Take-Home Message

• In order to prevent injuries in basketball,
it is as important to screen basketball
players individually for physical and
psychological deficits as it is to take
control of the applied load.
• A useful, reliable, and valid tool for
monitoring the total training load is the
session ratings of perceived exertion
(sRPE).
• Prevention programmes are effective in
preventing lower leg injuries in basketball players.

51.3.3 Prevention Programmes
for Young Players
Young athletes benefit from preventive programmes, but, as in adults, it can be difficult to find
the time. A practical solution might be to perform
the programmes at school instead of doing them at
practice. It has been shown that implementing
neuromuscular programmes in schools throughout
the season reduces the lower leg injury incidence
significantly in young basketball players [27].

Fact Box

• There is evidence that preventive action
and programmes tailored to lower leg
injuries are effective.
• One effective special prevention programme for lower extremity injury prevention is the 11+ programme (formerly
known as the FIFA 11+).
• Balance and/or proprioception exercises
and/or external ankle braces are effective in preventing ankle sprains.
• Neuromuscular training exercises may
prevent knee injuries in male players,
while the effect for female players is not
yet significant.
• Mouthguards may reduce the risk of
concussion.
• Implementing neuromuscular programmes in schools will reduce lower
leg injury incidence significantly for
young basketball players.
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52.1

 asketball Injury Prevention
B
Situation Room

Basketball is a fast-paced sport involving repeated
jumping, landing, pivoting, cutting, running back
and forth, and moderate contacts among players;
all of which makes participants susceptible to
injuries. Injury prevention in basketball is essential for continued player participation, performance, team success, and future health [1–5].
Depending on injury definition and level of play,
injury rates are substantial in basketball [6–9].
Studies on the risk factors for basketball injury
are currently limited. Female sex, game (vs. practice), offense position (vs. defense), and injury
history are currently reported to be associated
with injury outcomes [8, 10, 11]. Based on best
available evidence, primary targets for injury prevention in basketball are exercise-based neuromuscular training warm-up programs [11–16],
workload mediation [17–21] and equipment
strategies (e.g., mouthguards) [22, 23]. Screening
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as a “first layer” prediction tool for injury prevention (to determine who should have prevention
intervention—all players should) in team sports
has been recently discouraged in scientific discussions considering the multifaceted nature of
sports injury [24]. However, screening for the
right reasons, e.g., as a “second layer” monitoring tool appears to be valuable for effective risk
management in team clusters and individual
players; more like identifying who needs extra
attention based on player risk profiles [25, 26].
Sports injuries occur when intrinsic and
extrinsic risk factors (e.g., playing environment,
equipment) interact with an inciting event (e.g.,
cumulative tissue overload, collision) in a timely
fashion [27, 28]. Irrespective of the number of
risk factors a player possesses (intrinsic factors), none is capable of causing an injury until
a player is exposed to basketball training (practice or strength sessions) or competition/game
[29]. The opportunity for injury, that is, potential inciting events, only comes when players
are exposed to basketball load. Recognizing
basketball load as a primary exposure is thus
expedient to understand the etiology of injury or
the development of fitness performance in players [29]. Furthermore, an understanding of the
interactions between the impact of basketball
load and player capacity (load tolerance), and
other intrinsic/extrinsic factors is crucial to
avoid injuries and build fitness [29–31].
Surrogate measures for player/tissue capacity
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for load, and load magnitude and distribution
have been suggested [32]. Although player
capacity and load magnitude and distribution
have not been fully studied in traditional regression analyses, they are key elements that contribute to the biologically plausible m
 echanism
of not just the emergence of sports injuries but
also performance outcomes [32]. Sports injury
is a multidimensional emergent phenomenon
and a complex systems approach is crucial to
unravel its emergence [33, 34].
First, this chapter describes the characteristics of a complex system and provides a rationale
for its application in basketball injury etiology
and prevention. Next, a review of current models/frameworks for sports injury etiology and
injury prevention is presented and a novel
Complex Model for the Etiology of Basketball
Injury (CMEB) is proposed. Finally, potential
applications of the proposed model in basketball
injury prevention research and practice are
discussed.

52.2

 hat Is a Complex System
W
and why Is it Important
in Basketball Injury
Prevention?

A complex system “attempts to understand the
underlying processes along with the overall
functioning of a system in relation to its principles, rather than to identify individual causal
effects between isolated parameter estimates
[33].” Briefly, the characteristics of a complex
system include: (1) an open system capable of
producing several pathways to similar emerging
patterns (i.e., outcomes); (2) non-linearity in
which a system may respond in different ways
to the same input depending on their state or
prevailing context; (3) feedback or recursive
loops in which system output is reprocessed to
become a new input; (4) self-organization in
which there is a spontaneous occurrence of
order within the system and interactions among
system units, and not prediction from individual
units, to produce regularities and emerging patterns; (5) uncertainty due to the complex phe-

nomenon of self-organization [28, 35, 36].
Additionally, a complex system models three
key concepts that are applicable in sports: (1)
interacting units that constitute the “web of
determinants;” (2) regularities or profiles; and
(3) emerging patterns [36].
Evidence underpinning the development of
most of the injury prevention strategies currently
available in sports has relied on linear models of
cause and effects [27, 28, 37, 38]. This is analogous to giving a simple answer to a complex
question; perhaps one of the reasons why the
large protective effects demonstrated in clinical
trials for existing injury prevention interventions
do not reflect in the real world [39–41]. A focus
on “isolated” risk factors, a simple reductionist
approach that excludes variables that are not
related to, or do confound relationships with
injury outcome, is insufficient to explain injury
mechanism [32, 33, 36]. Rather, focus should be
on recognizing “integrated” risk patterns (i.e.,
based on interactions between key factors) from
conceptually plausible (i.e., theory-informed)
injury mechanisms [33, 36, 42, 43]. Consequently,
a multimodal intervention comprising discrete
evidence-based strategies, rather than a single
injury prevention strategy (as mostly practiced),
is likely to be more impactful. A complex systems approach to basketball injury prevention
provides the platform to advance the evidence
base towards the development of more robust
interventions targeting the multiple factors precipitating injury.

52.3

 odelling Sports Injury
M
Etiology and Prevention:
The Journey So Far

From an epidemiological perspective, musculoskeletal injury prevention in basketball entails an
understanding of the burden and etiology of injuries and subsequent development and implementation of context-specific injury countermeasures.
The four-step model for injury prevention proposed by van Mechelen et al. has been used by
researcher over the last 25 years to address the
aforementioned perspective up to the stage of
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intervention development and laboratory evaluation [38]. The van Mechelen model however does
not address steps to moving injury prevention evidence into practice. To address this limitation,
Finch et al. proposed the Translating Research
into Injury Prevention Practice Framework—this
adds two supplementary steps to direct the translation of research into injury prevention practice,
including a description of the intervention context
to inform implementation strategies (step five)
and evaluation of the intervention in real-world
contexts (step 6) [37]. However, the problem of
underuse and suboptimal adherence to “proven”
injury prevention interventions continues to be a
challenge, instigating a crucial need for more rigorous implementation research in the field of
sports injury prevention. To advance the field of
implementation research in sports injury prevention, Owoeye et al. proposed a four-step model to
optimize adherence to sports injury prevention
interventions [44]. This model recommends the
identification and modification of the determinants of intervention adherence for successful
real-world implementation and maintenance.
In addition to injury prevention models,
research in sports injury prevention have been
guided by injury etiology models [27–29, 36].
Etiological models are fundamental for understanding the mechanism of injury occurrence, a
crucial step for developing injury countermeasures. Popular in this field is the earlier model
proposed by Meeuwisse et al. [27] which was
subsequently updated to the dynamic, recursive
model of etiology in sport injury to reflect the
dynamic nature of injury etiology due to
repeated player exposure [28]. However, successive injury etiology models have indicated
additional limitations in the dynamic, recursive
model, including its simplistic and reductionist
approach [36, 45] and lack of consideration for
player workload, a key determinant of injury
[29]. Recently, non-
linear complex systems
approach has been proposed to better understand the etiology of sports injuries [32, 33, 36,
45, 46]. Of note is the Complex Systems Model
by Bittencourt et al. describing sports injuries as
complex emergent phenomena resulting from
dynamic interactions among a web of determi-
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nants that are capable of producing regularities
in the form of a risk profile and subsequently
prompting an emergent pattern—an injury [36].
There is no doubt that current etiological models continue to contribute towards evidencebased sports injury risk mitigation; however,
reviewing existing models to fit advancements
in knowledge and to be sport specific is imperative to maximize outcomes.

52.4

 Complex Systems
A
Approach for Basketball
Injury Risk Mitigation

Predicated on Bittencourt et al.’s Complex
Systems Model [36] and current literature [28,
29, 32, 33], the CMEB is proposed to capture the
essential elements and process that elucidate the
mechanisms involved in the generation of basketball injuries (Fig. 52.1). The CMEB explains
that at any given time, a player carries a
unique risk profile that determines their susceptibility to injury. This risk profile is strongly
dependent on the constituents and characteristics
of individual-player web of determinants. The
occurrence of an injury in the face of an inciting
event (e.g., collision, overuse, tissue overload) is
subsequently determined by a player’s current
physiological state of either fatigue/maladaptation from negative training effects (e.g., ongoing
basketball-related load exceeding player/tissue
tolerance in combination with other risk factor
interactions) or physical fitness/adaptation by
way of supercompensation from positive training effects, including protective effects from
injury prevention intervention(s) (e.g., neuromuscular training warm-up exercise programs),
if applicable. In reflection of real-world sporting
environment of repeated events of training and
games, a player re-enters the model in a recursive loop with slight to wide variations in their
injury risk profile each time they engage in basketball-related activities. A variation towards
increased injury risk is expected when a previously injured player returns to play post-rehabilitation, especially when not fully recovered from
injury.
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Fig. 52.1 A complex model for the etiology of basketball injury. Variables larger in size potentially have higher interactions and they exert a greater influence on injury outcomes. Figure is based on reference [28, 29, 32, 33, 36]

In the CMEB, key effect modifiers: player
capacity for basketball-related load, the potential
impact of the magnitude and distribution of load
on major joints and other body structures, and
history of a previous time-loss injury are considered crucial moderators of the load-injury relationship that contribute to the biologically
plausible mechanism of basketball injury
emergence or improved performance outcomes.
Surrogate measures for these factors may include
aerobic fitness, measures of lower extremity
strength and wellness (including sleep and mental wellness) for player/tissue capacity, knee and/
or ankle range of motion for load distribution and
body weight and measures of adiposity for load
magnitude [32].

52.5

Perspectives
on the Application
of the CMEB in Research
and Practice

As demonstrated in the CMEB, several factors
determine whether a player gets injured each
time they are exposed to basketball load and
potential inciting events that may precipitate
injury. The CMEB supports the novel concept
that injury prevention attempts in team sports
should be directed towards injury risk profiles/

pattern recognition in players [36, 42, 43] and
subsequent injury risk mitigation through risk
management approaches implemented not only
at the team level but also at individual player
level [25]. One of the most important questions
that should be paramount to coaches and the
medical team, from community basketball to the
National Basketball Association, is: “how are my
players handling daily basketball load, particularly the training load impacted on them?” It is
not enough to simply throw intense training at
athletes and assume they will/can handle it. The
problem is, in basketball, as in other team sports,
most times the overall external load of about the
same volume is imposed on a group of players
with varying risk profiles; thus, the external load
potentially invokes different internal load
responses. The CMEB provides the opportunity
to advance knowledge towards developing multifactorial injury prevention strategies to keep basketball players in the “low risk” zone essential to
keep them fit and resilient in the face of events
that may incite injury.
In the CMEB, load is considered the primary
exposure that is moderated by other risk factors
to predict injury. This CMEB provides the platform for a predictive model to stratify injury risk
in individual players. In essence, a player monitoring system will have to be in place to obtain
relevant data to inform a “second layer” risk miti-
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gation strategy in individual players. For example, a weekly evaluation of load-injury
relationship, considering the moderating effects
of relevant risk factors (measured at baseline or
every two months) in individual players, may
inform effective load management programs
such as minutes restriction in certain players.
Sports injury prevention researchers should
consider exploring the CMEB (an adaptation for
other team sports may be considered) for a complex modelling of load-injury relationships. Depending on researchers’ or practitioners’
statistical prowess, data analytics to test/utilize the CMEB, including examining effect modification by modifiable risk factors (i.e., influence
of key factors on load-injury relationship) may
range from stratified analyses [42, 43], and test of
interactions in regression models [11] to more
complex statistical models such as machine
learning [47, 48].
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Practical Guidelines for Injury
Prevention in Basketball: How
to Get it Right
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Steve Short

53.1

Introduction

Musculoskeletal injury is one of the major
adverse events from physical activity and competitive basketball. Time loss away from the court
has the potential to physically and mentally
impair athletes and impact numerous stakeholders involved [1, 2]. Additionally, prior injury history has been identified as a risk factor for future
injury [3]. With these key considerations, reducing the risk of initial injury or future injury following a rehabilitation is of significant interest to
all vested parties. While identifying common
injuries and risk factors involved in basketball
participation may be of clinical importance, the
current evidence-base suggests that a strong
focus of injury prevention should be placed on
properly dosed exercise strategies.

53.2

Competitive Demands
and Common Injury

Basketball has been defined broadly as an anaerobic sport [4]. Despite this label, a strong aerobic
baseline is required to perform. International elite
basketball competition typically consists of
40 min of playing time, while a National
S. Short (*)
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e-mail: steven.short@nuggets.com

Basketball Association (NBA) game involves
48 min of playing time. Considering stoppages in
play, athletes who play considerable minutes may
be required to perform for an “on-feet” volume of
up to 75 min. Within this 75 min, an athlete commonly travels 2–3 miles [5, 6]. High speeds may
reach up to 18 miles per hour, but high-speed
efforts generally consist of less than 7% of the
total duration [6]. However, the game is predominately multidirectional as athletes have been documented as performing up to a 1000 differing
movements, including significant volumes of cutting, jumping, and sprinting to compose the noted
distance [4, 6]. The intensity of this activity is
very high as documented heart rate demands
range from 85% maximal heart rate and beyond
[4]. Despite potential links between these internal
and external variables, a linear relationship
between the physiologic and mechanical variables imposed on the athletes has not been identified, inferring the multifactorial nature of these
stressors [7].
The benefits of physical activity, including
competitive sport are well documented elsewhere, but briefly consist of lower risk of chronic
disease, reduced risk of mortality, and increased
global wellness, among many others. An unfortunate adverse reaction of these noted exercise
demands is musculoskeletal injury [8]. In basketball, it has been extensively documented that
injuries of the lower extremity and lumbopelvis
are most common. In the National Basketball
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Association, lateral ankle sprains are the most
common injury, while the knee is the most commonly injured joint [9]. Injuries to the low back
are well documented [10]. Hip and groin injuries
are becoming more common and may have been
historically underdiagnosed [11, 12]. It is not the
focus of this chapter to deeply investigate these
common injuries, but it is important to note that
an understanding of the incidence, pathomechanics, and resultant impairments to proactively
combat them.

53.3

Injury Prevention
Foundation

A strong understanding of the demands of competition and the most common injuries is necessary
to attempt to prevent injury. However, sporting
injuries are complex, multifactorial, and our current understanding of why they occur may be best
defined within a complex-systems approach [13].
With so many factors in play, complete prevention
may not be practical, while a goal of injury risk
reduction may be more clinically relevant. Once
this context is defined and sporting environment is
understood, clinicians may be able to seek out risk
factors that may contribute to injury.
Risk factors have typically been defined as
modifiable and nonmodifiable, as well as intrinsic and extrinsic. Modifiable risk factors include
factors such as aerobic capacity, strength, and
exercise volume while nonmodifiable risk factors include age and prior injury history. Intrinsic
risk factors are defined as factors that are internal
in nature, such as sex or genetics. Extrinsic risk
factors can be defined as environmental in nature
and may consist of floor conditions, level of
competition, opponent contact, etc. [14] Many of
these risk factors will fall into multiple categories. Age can be both a nonmodifiable, intrinsic
factor while training volume can be a modifiable, extrinsic factor. Within a complex systems
approach, a practitioner will consider these
interacting factors within a biopsychosocial
framework to evaluate and intervene within a
constantly evolving and individualized athlete
ecosystem [13].

Typically, risk factors are studied to specific
populations and specific injuries [14]. For example, anterior cruciate ligament disruption within
adolescent females with defined aberrant jump
and landing biomechanics [15]. Other examples
include limited strength profiles, identified as
poor relative hip (adductor to abductor ratio) and
maximal adductor strength in football players
with hip and groin symptoms [16] and limited
ankle dorsiflexion in volleyball players with
patellar tendinopathy [17]. Despite efforts to
apply the evidence base broadly across sports and
more specifically to basketball, there are limited
reviews to support this application of risk factors.
Additional challenges exist in the application of
defined risk factors due to the dominant methodologies in the evidence base [14]. The primary
study designs include case-control, cohort, and
intervention studies, each with their own respective limitations. A reliance on retrospective, as
opposed to prospective data due to the study
design may create questions in interpreting
results. All of these designs are often limited by
low sample sizes. Inconsistent injury recording
methods, including a reliance on only time-loss
injury, add to the challenges of appropriately
interpreting risk factors.
Risk reduction relies on variables that are
objectively measurable as well as clinically modifiable. Despite the challenges involved with
identifying valid and reliable risk factor models,
training individuals to be more robust and resilient against the various prospective variables
associated with athletic musculoskeletal injury
continues to fit best practice for prevention models [3, 18–22]. Examples of this include sport-
specific conditioning to improve aerobic capacity
[20], or eccentric hamstring resistance training to
develop muscular architecture, both reducing the
potential risk of soft tissue injury [23].

53.4

Screening for Risk

A comprehensive global health screen is common
practice, often required, and recommended practice prior to sporting activity [24]. Additionally,
musculoskeletal injury risk screening is common
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practice across all levels of basketball. Despite its
commonplace, there is limited evidence to support the predictive and clinical value of musculoskeletal injury risk screening [25]. Many stand
alone screening systems have been trialed to be
predictive of injury with limited success [25–28].
In theory, if modifiable risk factors can be identified in screening, then a training program may be
appropriate at reducing the risk of future injury by
training to be resilient against said risk factors.
While the face validity of this practice is strong,
there is limited supporting evidence [26, 27].
Numerous testing batteries have proposed and
consistently shown to have little predictive value
[25]. There is even less evidence to support specific training programs once risk factors are identified [29].
Despite the limitations of many injury screening protocols, specific constructs involved in
screening tools have been shown to be useful [30].
Constructs that may hold value in screening for
musculoskeletal injury include, but may not be
limited to, active mobility, motor control, strength,
and hip stability [30]. As opposed to relying on a
single test measure, a battery of tests and various
related algorithms that account for complex systems may give clinicians the best practical solution for injury risk screening [31, 32].
The most common actionable risk factors are
those that can be addressed through exercise prescription [22, 33]. Individual variables such as
mobility and strength are often addressed through
exercise. Despite the construct validity of training mobility, lasting change of various mobility-
based training techniques is quite limited [34,
35]. Transient gains in mobility may be of clinically protective value, but have not been rigorously tested as stand alone interventions to reduce
injury risk [21, 33]. For example, active warm-up
strategies have been shown to be more impactful
than static stretching strategies to increase flexibility prior to physical activity. Conversely, progressive neuromuscular training, typically
focused on increasing strength and adjunct physical properties of the lower extremity (balance,
motor control, etc.) have been consistently shown
to reduce the risk of injury [21, 33, 36].
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Training load variables and sport-specific
training volumes are also modifiable exercise
variables that are typically best addressed through
planning, objective measuring, athlete monitoring, and communication with all key parties
involved in sporting activities of the athlete,
including coaches and management [37–39]. As
a result of properly prescribed exercise activity,
results such as increased aerobic performance
may be achieved and result in improved performance while reducing the risk of injury [19]. It is
important to note that decreased volumes of
sport-specific training in the pre-season period
have been identified as an injury risk [40]. Thus,
developing the appropriate cardiovascular profile
through exercise should be matched to the competitive demands of each individual sport [4, 20].
For basketball, manipulating variables such as
competitive training duration, distance traveled,
intensity (heart rate and movement speed), work-
to-rest ratios, repeat sprint efforts, offensive and
defensive jumping and cutting repetitions, among
others, are recommended to achieve the appropriate sport-specific training effect [7].
Despite the growing evidence for exercise-
based risk reduction programs, adherence to prescribed exercise programs remains poor [21]. An
adequate volume of training is necessary to
achieve the appropriate protective stimulus [21,
22]. Athlete and coach buy-in, appropriate time
allotment, and numerous cultural-based challenges are barriers for such actionable change.
Thus, educating athletes and those who influence
their participation is necessary in the practical
application of injury risk reduction [39].
Providing coaches and athletes opportunities to
ask questions and appropriately understand the
goals of implementing programs are a key part of
adherence. Open conversation and effective communication can lead to mutual understanding and
often lead to collaboration and new ideas to
achieve a common goal. This often allows an
increase in time allowed before, during, or after
team events such as practice or competition for
implementation, and additional attention and
engagement to be applied to the drills imposed by
the practitioner.
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53.5

Neuromuscular Training
Programs

Strong evidence recommends exercise interventions, often defined as neuromuscular training programs, to reduce the risk of injury [33].
Despite these vigorous recommendations,
detail in the prescription of said programs
remains challenging. Exercise is dose dependent and requires an appropriate stimulus to
achieve physiological and functional changes
[41]. Consistency of dosage is poor in reviews
of neuromuscular training programs [33].
Vague descriptions in exercise programing
presents a challenge for clinicians to apply evidence-based principles. Common fundamental
principles of exercise training will often accomplish the desired task of achieving an effective
clinical dosage. Athletes will adapt to their
imposed demands if the stimulus achieves the
appropriate volume and intensity via mechanotransduction [41].
Generally, athletes require 15–30 min
3–5 days a week of adjunct, non-sporting exercise volume. These exercises should address
functional mobility and tissue extensibility, proximal strength, hip strength, single leg tasks that
address strength and balance, and motor control
[30, 42]. Motor control drills may include low
intensity (Fig. 53.1) drills that focus on decreasing the aberrant movement of the kinetic chain
and often center around minimal displacement of
the trunk, lumbopelvis, and knee. Progressions of
these drills include plyometric tasks that increase
the demand on the movement system and require
the athlete to attenuate, control, and produce
force throughout the kinetic chain [43]. Specific
movement pattern training or motor control tasks
may be dependent upon the population. For
example, training a resistance to knee valgus may
be of protective value in female basketball athletes [44]. While the kinematics may or may not
change according to the training program, specific and/or nonspecific adaptations to the training stimulus may reduce the athletes’ risk to
injury [45, 46]. (Fig. 53.2a–d).
A focus on eccentric training should be implemented within training and prevention programs.

The benefits of eccentric training include superior improvements in muscular architectural
changes, functional strength, and decreased risk
of injury [47–50]. (Fig. 53.3a, b) Exercises that
combine concepts of single leg motor control and
proximal hip and trunk muscle recruitment are
often clinically time efficient and effective as
they train key concepts within a single activity
(Figs. 53.1, 53.2a–d, 53.4, and 53.5).
Practically, available time to complete the volume of exercise is an important consideration.
Efficiently performed dynamic warm-up, such as
the 11+ (formerly known as the FIFA 11+), is one
method to achieve the dosage and target goals of

Fig. 53.1 Single-Leg Squat. Exercise focus on lower
extremity motor control with the capability of recruiting
and strengthening the hip and thigh musculature
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exercises defined above. When programmed
before or after team practices, these programs
have been shown to improve physical qualities
while being protective of injury. Like all protocols, individualized details may be left out, and
sport-specific considerations must be made to
modify these programs to the needs of basketball
athletes. Due to the nature of sport, adding an
emphasis on adductor training and triplanar
movements within the exercise prescription may
further reduce the risk of injury [46, 51, 52].
(Figs. 53.5 and 53.6a, b).
The exercises and movements included in
these prevention programs are often included in
strength and conditioning programs and illustrate
a

677

the importance of communication and collaboration in program design, as well as the multifaceted capabilities of exercise. Developing physical
qualities such as strength, power, and speed to
improve athletic capabilities are often goals of
traditional strength and conditioning programs.
Differing training loads between the pre-season
and in-season training programs must be considered to avoid overtraining, excessive soft tissue
trauma, and related soreness [51, 53]. This does
not mean that training should cease as an ongoing
resistance training program could possibly provide an augmented protective stimulus or prevent
the loss of previously developed physical qualities [54, 55].
b

Fig. 53.2 (a–d) Single-Leg Jump. Dynamic activity that is easily included within a training or dynamic warm-up
program that involves lower extremity motor control, deceleration capacity, and power development
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c

d

Fig. 53.2 (continued)

53.6

Secondary Prevention
with Return to Play
Considerations

Safely developing sport-specific physical qualities throughout the duration of rehabilitation is
necessary to not just return to play, but to return
to performance [56] in a capacity that also
reduces the risk of future injury [57].
Collaboration is a must between coaches and
medical providers to safely implement prevention programs, sporting drills, and exercise as

early and as safely as possible. Multicomponent
return to play assessment is preferred in the
shared decision-making model as the working
relationship between clinicians, athletes, and
coaches needs to be maximized to ensure safe
and appropriate progression and integration into
sport [58]. In situations when an athlete is already
injured, the challenge of reducing the risk of
future injury is heightened. In addition to the
specific concern of the type of tissue affected
(muscle vs. tendon vs. ligament vs. bone), status
of tissue healing, adequate timeline respective of
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Fig. 53.3 (a and b)
Nordic Hamstring.
Exercise focus on
hamstring eccentric
capacity and the
resultant architectural
and attribute-derived
protective and
performance-related
stimulus
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a

b

the injury and underlying clinical properties of
range of motion, strength, power, and specific
sport performance, one must consider again the
demands of sport.

To achieve each respective return to play criteria, the emphasis remains on properly dosed
exercise modalities defined previously. A bolus
of work must be performed in order to reach a
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Fig. 53.4 Single-Leg
Stiff-Legged Deadlift.
Exercise provides an
eccentric hamstring
stimulus while also
providing hip and trunk
muscle recruitment, in
addition to balance and
trunk control challenges

Fig. 53.5 Lateral
Lunge. Exercise
provides a triplanar
stimulus that involves
muscle recruitment of
multiple muscle groups
about the hip and thigh
in addition to the
deceleration capabilities
related to the eccentric
workload of the quad

stage where testing and return is deemed appropriate. This accentuates the need to continuously
obtain objective measures throughout a rehabilitation. Setting and tracking these measurable

goals enables progress and sets the stage for
return to play testing to even be possible. If clinicians and coaches are not communicating effectively in regard to the medical status and objective
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Fig. 53.6 (a and b)
Hip Adduction Plank.
Exercise focus on
adductor and hip
eccentric capacity and
the resultant
architectural and
attribute-derived
protective and
performance-related
stimulus

a

b
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tracking, there is a high risk to expose the athlete
Take-Home Message
to inappropriate stress [59] and inadequate trainInjury prevention in basketball is a coming loads [60, 61]. This may come in the form of
plex and challenging task. An evolving
precautions that need to be observed to protect
understanding of risk factors and risk
healing tissue, or the need for the coach to push
screening is necessary to address injury
the athlete to achieve a competition-like stimurisk. Focusing on properly dosed exercise
lus. It has been shown that athletes who are
principles is an essential component to
exposed to more training before returning to
reduce the risk of injury in both healthy
competition are less likely to sustain injury [62],
populations and in individual return to play
and this training stimulus can only be provided
cases. An individualized, dynamic, and
through properly planned, communicated, and
shared decision-making process is required
executed training exposure. It is also known in
to reduce the risk of future injury when
basketball that performance may be impaired
rehabilitating from an original injury.
upon returning to play [63]; thus, the focus on
collaborative preparation of health and performance be maximized to achieve the goals of all
vested stakeholders.
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54.1

Introduction

Rehabilitation of the shoulder complex is challenging for clinicians due to the vast number of
structures in a small area that can undergo
extreme ranges of motion and angular velocities
during sport. The glenohumeral joint has minimal boney congruency, and therefore heavily
relies upon the rotator cuff and surrounding musculature to provide dynamic stabilization to the
joint. This highlights the importance of rehabilitation to restore shoulder joint biomechanics and
muscular function following shoulder injuries.
Evidence for shoulder rehabilitation programs is
limited, with the majority of clinical practice
guidelines and protocols relying upon expert
opinion. This chapter will utilize the Staged
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Approach for Rehabilitation of Shoulder
Disorders (STAR) [1] as a guiding framework,
combined with an objective criterion-based progression, to return athletes to basketball following shoulder injury/surgery.

54.2

Early Phase

The focus of early stage rehabilitation is to correctly identify and mitigate pain irritability of the
injured/post-surgical athlete. Irritability refers to
the ability of the tissue to handle load in relation
to the symptomatic or inflammatory response.
The irritability classification utilizes pain intensity, at what point pain occurs during motion
(e.g., pain at mid vs. end range), and level of
pain-related disability, to classify athletes into
low, moderate, or high irritability. Athletes have
differential responses to injury, which necessitates the use of classification criteria to identify
the current status of the athlete. The focus of
rehabilitation interventions changes based on the
stage of irritability, with the goal of achieving
low irritability as quickly as possible. Matching
interventions to the stage of patient irritability is
a priority in the STAR approach.
A point guard, for example, presents with
acute onset of shoulder pain after competing for a
rebound with an opponent, and was unable to
return to the game. No frank dislocation was
reported, and radiographic/MRI imaging was
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negative. The following day she presented with
high pain levels, diminished passive range of
motion (PROM) and active range of motion
(AROM) capabilities, no apprehension to movement, altered Activities of Daily Living (ADL),
and inability to sleep on her shoulder. This presentation is consistent with the high irritability
stage [1, 2] of the irritability classification
(Table 54.1: Reprint from McClure et al. [1]).
For this level of irritability, priority is placed
on pain management to restore pre-injury sleep
and functional arm use for activities of daily living (ADL). This may require modification of
upper extremity activities which can include
immobilization, relative rest from provoking
activities, and/or modification of a conditioning/
training routine. If direct use of the arm cannot be
performed due to surgical restrictions or degree
of irritability, then contralateral arm exercise is
suggested to minimize disuse as well as improve
range of motion [3]. In the context of our example athlete, immobilization is not indicated, but

education in relative rest techniques (e.g., ADL
or practice/training modifications) will assist in
minimizing early pain levels. In addition to activity modification, pain management can also
include modality use as indicated by the clinical
presentation as well as pharmacological interventions if appropriate. Electrical stimulation can be
effective in reducing acute pain of various soft
tissue injuries (Table 54.2: Reprinted with permission from Tara Manal PT DPT OCS SCS
FAPTA) [4]. Modality and/or manual therapy
techniques can be applied concurrently to assist
in the reduction of symptom irritability and help
progress the athlete to the next stage of the rehabilitation as appropriate.
If range of motion and joint mobility are
impairing function, then gentle range of motion
exercises are included with short duration hold
times along with low-grade Kalteborn or
Maitland (Table 54.3 adapted from Duenas et al.
[2]) mobilizations. Graded stress can also be
effective in reducing pain and improving func-

Table 54.1 Staging of symptom irritability for shoulder disorders
Stage of irritability
High
History &
 – High pain (≥7/10)
examination  – Consistent night or rest pain
findings
 – Pain before end of ROM
 – AROM<PROM
 – High disability
Interventions  – Minimize physical stress
focus
 – Activity modification
 – Monitor impairments

Moderate
 – Moderate pain (4–6/10)
 – Intermittent night or rest pain
 – AROM ≅ PROM
 – Moderate disability

Low
 – Low pain (≤3/10)
 – Absent night or rest pain
 – AROM = PROM
 – Low disability

 – Mild-moderate physical
stress
 – Address impairments
 – Basic-level functional
activity restoration

 – Moderate-high physical
stress
 – Address impairments
 – High-demand functional
activity restoration

Table 54.2 Electrical stimulation parameters for treating pain
Clinical utility
Pulse width
Frequency
On time
Off time
Ramp
Treatment time
Additional
information

Sensory TENS
General pain management
200 us
10–100 pps depending on pt
preference
30 s
0s
0–2 s
15
May get motor involvement
depending on stim pad locations

Motor TENS
Soft tissue pain source: Usually
muscle
400 us
2 pps
45 s
15 s
2s
15
Should look like a “jumping”
muscle; helps to decrease pain

Noxious
Soft tissue pain source:
Usually ligament/tendon
400 us
50 pps; increase if pt
cannot tolerate
12 s
8s
2–5 s
10
Use smaller pads to
bracket the pinpoint pain

54 Rehabilitation of Shoulder Injuries in Basketball
Table 54.3 Joint mobilization guidelines according to
irritability classification
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of the shoulder at 45° in the scapular plane.
Keeping with criterion progressions, the goal to
High
Moderate
Low
progress shoulder isometrics to isotonics or furirritability irritability irritability
ther into elevation is ≤3/10 pain with resisted isoGrade
Joint
Grade I–II/ Grade
metric testing (low irritability). For example, after
mobilizations empty feels II–III/stiff III–IV/stiff
2 days of isometric exercise, our case athlete has
& limited
& painful
mobility
noticed a change in 5/10 pain with 2/10 RPE to
5 to 15 s
>15 s if
Passive range ≤5 s
2/10 pain with 7/10 RPE, and she and the cliniROM
of motion/
cian now know that she is likely ready for exercise
limited
active assisted
progression. Additionally isotonic abduction and
range of
motion
external rotation exercises would be indicated at
Active range
Performed Performed Performed
lower angles to progressively load the shoulder
with
in low to
of motion
in low to
joint. If advancement to different ranges of motion
increased
mod
mod
is limited, manual resistance techniques or proirritability irritability loads and/
prioceptive neuromuscular facilitation (PNF)
arc/ranges arc/ranges or volume
techniques would be appropriate while progressing other ranges that are not pain limited. An
tion during this stage. The high irritability of our example of this with our basketball player would
case athlete’s shoulder may not allow for com- be continued limitations in progressing internal
mon open chain shoulder exercises due to exces- rotation and flexion strengthening to higher ranges
sive pain or neuromuscular compensations. needed for sport. As a result, manual internal rotaUtilizing axial loading, closed chain exercises, or tion strengthening via alternating isometrics or
supported arm movements are alternative ways to rhythmic stabilization is applied at different
stress the shoulder tissues until irritability levels angles with accommodating resistances accordallow for progression. Revisiting our case, per- ing to pain irritability (Fig. 54.1). The player’s
forming stair railing slides, quadruped weight- remaining non-painful ranges will continue to be
shifting, or even wall slides would help elevation progressed in difficulty or discontinued per objecmovements. As pain and irritability reduces, then tive strengthening testing.
graded progression in load or movement at
Due to the multi-planar and dynamic nature of
expanded ranges of motion may occur. Overall the shoulder, active range of motion in various
the goal of this phase is to reduce pain levels and planes or angles around the painful arc is sugencourage general mobility of the arm within the gested if a movement is limited by pain intensity.
restrictions of the injury or surgical procedure. This may occur with the ability to perform active
Continual reassessment is paramount to detect motion in the flexion or scapular plane but not
changes in irritability and response to treatment abduction. Additionally it may occur in overhead
to maximize rehabilitation.
positions but not at lower angles or vice versa
As irritability reduces to moderate or low lev- (Fig. 54.2). Table 54.4 details some progressions
els, rehabilitation intensity will progress accord- for painful arcs assuming no additional impairingly. Priority will shift to resolving acute ments are present limiting performance
impairments
identified
during
objective (Table 54.4 Sample progression for a patient with
examination. Isometrics are indicated for moder- painful shoulder abduction).
ate irritability while patients utilize a pain moniPalpation of soft tissue may identify structures
toring model to guide acceptable pain allowance that are symptomatically impeding performance
in performance. Utilizing a rate of perceived exer- of general function or exercises. Repeated examition (RPE) scale with isometrics may also be ben- nation can be utilized to determine the effect
eficial to allow the athlete to track their clinical these structures are having on exercise or funcprogress. In the case of our point guard, she dem- tional capabilities. For example, if our point
onstrates only painful internal rotation and flexion guard presents with tenderness to her infraspina-

F. Breidenbach et al.

690

Fig. 54.1 Sample exercise variations for ryhtmic stabilization techniques of the shoulder

Fig. 54.2 Example of limiting range of motion to address shoulder abduction while promoting quality movement
Table 54.4 Example of progressing planes of motion
Option A
ABD above or
Painful
below painful arc
abduction
(ABD) plane → progress loads
or move arc closer
to pain

Option B
ABD isometrics at
painful arc →
progress intensity or
add perturbation

tus muscle belly that is limiting progression of
external rotation strengthening or overhead
reaching, then direct application of Motor TENS
or soft tissue techniques to this region could be
indicated. If these treatments result in reduced

Option C
Eccentrics
through painful
arc → progress
loads

Option D
Progress loads in
scapular plane →
reduce weight and
progress toward
ABD plane

Option E
Perform
horizontal ABD
plane at angle
of pain

pain during movement, continued application is
suggested.
Ideally, athletes will move with good coordination and neuromuscular control; however, this
can be limited by pain, fear, or compensations.
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It is important to correctly identify the barrier(s)
to progression and determine if/when progression can occur despite these limitations or if
remaining at the current level is necessary.
Progression into full overhead or sport-specific
motions is not recommended if compensations
that could impact exercise performance/sport
technique are seen or if moderate tissue irrita-
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bility is present. Adaptations to typical open
kinetic chain neuromuscular control exercises
can be utilized in response to pain or compensations. These can include use of support from
wall, dowels, tables, or assistance from balls,
resistance bands, or hand in hand assist from the
therapist (Figs. 54.3, 54.4, 54.5, and 54.6).
Variables may be weaned or added to assist in

Fig. 54.3 Active assitive flexion using a dowel. The dowel can decrease the amount of load required to complete the
motion

Fig. 54.4 Variation of active assisted shoulder flexion using a ball. The height and incline of the table can be adjusted
to alter load
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Fig. 54.5 Sample exercise of eccentric lowering. The athlete can use the wall to get into overhead position and then
slowly control arm motion as it lowers back down to the athlete’s side

Fig. 54.6 Active assitive exercise for shoulder abduction. The band assists in bringing the arm into abduction. The
concentric phase of this exercise can also be used to work on scapulothoracic control
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this progression, i.e., weight to wall slides, eccentric phases only of upper extremity motions,
gravity minimization using changes in body position (e.g., supine and reclined) for scapular/glenohumeral muscle training. For example, in the
case of our point guard and her limited ability to
perform internal rotation and flexion motions
(still causing >6/10 pain). Pain reduced to low
irritability when she performed flexion with
bands around her wrists (external rotation bias or
concurrent external rotation isometric) as well as
reduced pain with internal rotation strengthening
with elbow supported on a table (Figs. 54.7 and
54.8). If the previously mentioned flexion and
internal rotation limitations were not present,
this clinical decision may not be needed. Again
the goal of using criterion-based progressions
is to identify when someone is appropriate to
progress. In this case, continued limitations,
and ability to reach criteria, resulted in a clinical treatment decision to progression into the
middle phase of the rehab process.
While impairment resolution is key to progressing the rehabilitation plan, it is important
to also recognize the conditioning demands to
compete in their sport. Immobilization or pro-
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tection of injured tissues can result in deconditioning of the athlete. If possible, the athlete’s
aerobic capacity should be maintained with
cross training through ergonomic cycling, pool
conditioning, elliptical machine, stair master,
or running. This is particularly important due
to known changes in shooting technique that
occur with the onset of physical fatigue [5]. In
the case of our point guard, she was encouraged to immediately perform ergonomic
cycling intervals in her high irritability stage
with progression to jogging/shuttle interval
once she showed reduced irritability on clinical
testing and continued reduction to low irritability with aerobic exercise performance.
The following criteria can be used to progress
from the early to middle phase of rehabilitation:
• Resisted isometric testing: Low to moderate
irritability classification
• Joint mobility: Low irritability or stiff/painful
with Grade III to IV mobilizations
• ROM: Low irritability with end ranges; capable of AROM with low irritability
• Soft tissue irritability to palpation: low to
absent irritability

Fig. 54.7 Sample exercise of maintaining an external rotation contraction while moving through should flexion range
of motion
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Fig. 54.8 Strengthening shoulder rotation in an overhead (90 degrees of abduction) position

54.3

Middle Phase

Once the athlete demonstrates readiness for the
middle rehabilitation phase, the treatment objective is to fully restore mobility to the shoulder
complex, improve/restore neuromuscular control
within the newly restored arc of motion, and prepare for the later phases of rehabilitation. While
tissue irritability has likely decreased, pain may
persist or intermittently increase requiring management to optimize tissue load tolerance and
progressive tissue adaptation. Consequently,
ongoing tissue irritability assessment is necessary in order to guide the rehabilitation process
and load tissues appropriately.
Fully restoring mobility of the shoulder girdle
complex requires unrestricted mobility of the glenohumeral, sternoclavicular, and acromioclavicular joints. Full glenohumeral joint (GHJ) elevation
is interdependent upon retraction, elevation and
posterior spin of the clavicle at the sternoclavicular joint (SCJ) and upward rotation of the scapula

involving gliding at the acromioclavicular joint
(ACJ) [6]. Consequently, joint mobilizations to
address end-range restrictions can be used, particularly if end ranges are painful (moderate to
low irritability). While the contributions of the
SCJ and ACJ accessory motions for full overhead
GHJ motion may be minimal, full mobility may
be necessary for unrestricted overhead arm elevation to be pain-free. Attention to the SCJ and ACJ
is particularly relevant for athletes who have
undergone any period of immobilization necessary in the early phases of tissue healing. Once
tissue irritability is moderate to low, end-range
accessory motion mobilizations with the joint at
the end of the available physiological range
should be included. A combination of oscillatory
mobilizations and low-load, prolonged stretching
can be used to improve end range of motion. Of
particular importance for athletes, such as the
point guard in this example, tolerance of endrange elevation and internal and external rotation
are paramount to return to play. Shooting and

54 Rehabilitation of Shoulder Injuries in Basketball
Table 54.5 Joint and soft tissue mobilization progression to restore full shoulder complex mobility
Early middle phase
Patient supine
Inferior GHJ glide at
end-range flexion, Grade
III–IV oscillations for
2 min
Posterior GHJ glide at
end-range flexion, Grade
III–IV oscillations for
2 min
Submaximal isometrics,
alternating flexion/
extension at the point of
pain in elevation,
45 second hold, 4
repetitions, patient supine
Sustained end-range
flexion stretch, hold
45–60 s, 3 repetitions

Late middle phase
Patient seated
Active shoulder flexion,
therapist provides arced
inferior GHJ glide as
patient completes the
range, 10 repetitions

Alternating flexion–
extension–flexion
isometric after arced
mobilization, 5 s hold in
each direction

End-range flexion stretch
in kneeling with both
hands on physioball—
“Ball rollout,” hold 30 s, 5
repetitions
Thoracic PA mobilizations Self-thoracic extension
mobilizations in hook
in prone for 5–10 min,
lying over foam roller,
Grade III–IV
patient with arms crossed
over chest or flexed
overhead for 2–3 min

rebounding require producing and absorbing
forces at the end ranges of 
three-
dimensional
shoulder elevation. The addition of three-dimensional or arced mobilizations, also known as
mobilizations with movement, has been demonstrated to reduce shoulder pain at end-range elevation (Table 54.5) [7]. In addition, authors have
suggested that oscillatory mobilizations to the
thoracic spine reduce protective responses or
guarding in patients with shoulder pain [8].
Joint mobility is necessary but not sufficient
on its own to restore full mobility of the shoulder
complex. In order to address soft tissue extensibility, low-load, prolonged stretching, or other
PNF techniques such as contract-relax or alternating isometrics (agonist/antagonist) may be
beneficial to allow for reduction of protective
responses and progressive elongation of muscle
as soft tissue adapts to newly gained joint mobility. If the athlete continues to complain of pain at
end range, low-load sustained isometrics (70%
maximum voluntary contraction at 45–60 second
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hold, 4 reps, several times per day) may be helpful for pain reduction [9]. In the case of the point
guard, she may continue to experience pain at
end-range internal rotation and available flexion
as she progresses through the stages of restoring
full motion. Instructing her to perform an isometric hold at varying degrees through her elevation
and rotation range as well as an isometric hold at
the end of her available range will increase her
tissue tolerance to load at those progressively
increasing angles. Intermittent reports of
increased tissue irritability as the athlete progressively loads the shoulder complex are typical and
expected. Consequently, the rehabilitation specialist will need to use methods such as pain rating scales, palpation, and the presence of pain at
rest or at night to assess irritability level and
adjust the treatment plan accordingly by allowing
time for rest and recovery or temporarily reducing tissue load. If pain at end ranges persists, the
use of TENS at end ranges may be indicated.
During the middle phase of rehabilitation, the
athlete should be prescribed increased loading of
the musculotendinous tissues, such as 6–12 repetitions at 70 to 85% 1 RM to achieve muscle
hypertrophy or <6 repetitions at more than 85% 1
RM to increase muscle strength. Loading progressions have been established to incorporate
speed that begin with slow movement and little to
no resistance progressing to moderate and fast
speed movement in the absence of pain before
increasing resistance and repeating the cycle [1].
If the point guard was strengthening at low angles
in the early phase of rehabilitation, the middle
phase for restoring strength should include a
wide repertoire of strengthening modalities, such
as open and closed kinetic chain and concentric
and eccentric exercises, with an increasing
demand on coordinating the scapulothoracic and
glenohumeral joints (Table 54.6). As with range
of motion restoration, the athlete may experience
periods of increased irritability each time the
load increases. By utilizing irritability assessment methods previously described, the rehabilitation specialist can objectively judge when
progressing or regressing the load is appropriate.
As soon as the athlete tolerates the load (resistance, speed, range, repetitions) with evidence of
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Table 54.8 Neuromuscular training progression

Table 54.6 Strength progression
Early Middle Phase
Open kinetic chain, single
plane, full arc of motion
Flexion
Abduction
External rotation
Closed kinetic chain
Push-up progression →
kneeling push-up → full body
push-up → push-up plus for
serratus anterior

Late Middle Phase
Multiplane flexion/
abduction/external
rotation, full arc of
motion
Concentric/eccentric
Upper extremity star
excursion or Y-balance

Table 54.7 Rules to aid progression/regression of therapeutic exercise based on the athlete’s response to the previous treatment. Soreness refers to teh presence of delayed
onset muscle soreness
Soreness rules
Criterion
Soreness during warm-up that
continues
Soreness during warm-up that goes
away
Soreness during warm-up that goes
away but redevelops during session
Joint soreness
No soreness

Action
2 days off,
regress resistance
Maintain same
resistance
2 days off,
regress resistance
1 day off and
reassess
Progress
resistance

low tissue irritability (Table 54.7), load progression is appropriate. The goal of the middle phase
of rehabilitation is to restore strength to within
90% of the uninvolved side.
Strengthening at all points in the available arc
of motion of the shoulder complex is a necessary
criterion for dynamic neuromuscular control.
Given the shoulder’s extensive mobility, the complexity of neuromuscular control increases during
this phase of rehabilitation. Increasing neuromuscular complexity would involve advancing from
single-plane to multi-plane exercises as outlined in
Table 54.6. While early-phase strengthening
involves single plane, low-angle resistance training, the middle phase can begin combining planes
of movement. For example, the point guard can
begin lifting in combined planes of flexion/abduction/external rotation or flexion/adduction/internal
rotation to prepare for overhead ball handling.
In order to prepare for return to sport, the middle phase of rehabilitation will need to restore the
athlete’s ability to respond to perturbations associ-

Early middle phase
Rhythmic stabilization ×
2–4 min
Patient position: Supine →
sitting/standing→
quadruped
Ball circles on wall 20 reps,
clockwise/counterclockwise

Late middle phase
Body blade × 2–4 min
Patient position: Standing
à standing on unstable
surface → ½ kneel
Light weight ball toss/
catch using a wall or
rebounder, 20 reps

ated with ball handling. While the exercises
described thus far incorporate anticipatory muscle
activation for purposeful movement, the middle
phase advances the athlete by incorporating reactive responses to perturbations. Rehabilitation specialists can introduce neuromuscular perturbations
initially by using manual techniques such as rhythmic stabilization in a variety of patient positions:
supine progressing to sitting or standing with the
arm at varying degrees of elevation or quadruped
with the therapist introducing perturbations at the
shoulders or hips. Moving from a scapula-supported position such as supine to a seated or standing position requires more strength, control, and
coordination between the GHJ and STJ. As patient
tolerance and control improve, stabilization training can become more dynamic, involving weighted
medicine balls or a body blade (Table 54.8). The
point guard may enhance her neuromuscular
adaptability by increasing the variability of her
training conditions. She may stand on an unstable
surface, such as a foam pad or ball, to progressively alter the attention demands of the exercise
or training task, thereby increasing the pace of the
neuromuscular adaptation. By increasing confidence and capability responding to perturbations,
the athlete demonstrates a readiness to return to
sports-specific tasks such as passing and rebounding. As the athlete’s response to external perturbations improves, apprehension at points in the
available range will naturally decrease.
As the point guard begins meeting criteria for
later-stage rehabilitation, progressing to sport-
specific tasks such as passing or shooting layups
and free throws is encouraged. These tasks involve
the player and ball only, controlled variables that
reduce the likelihood of prematurely exposing the
athlete to loads that might be d etrimental to return
to play. The player may begin shooting activity
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with a blocked practice design, standing at a specific chosen location and distance from the basket,
shooting at a high number of repetitions. As she
advances through this phase, practice conditions
should change with location and shooting distance
randomly chosen by the rehabilitation specialist.
Given that the goal of the middle-phase rehabilitation is to prepare the athlete for sport-specific activity, restoring core and lower extremity strength and
power, as well as aerobic capacity, is necessary.
The point guard will need to demonstrate full lower
extremity strength and power as measured by vertical leap and run vertical jump. Improved aerobic
capacity will help her prepare aerobic readiness for
full court running, cutting, and agility.
The following criteria enable the athlete to
advance from the middle to late phase of
rehabilitation:
• Full shoulder complex ROM (equivalent to
the uninjured side)
• Involved limb strength ≥90% of the uninvolved limb
• Little to no pain or apprehension with strengthening, neuromuscular training, and controlled
sport-specific activities

54.4

Late Phase

The main focus of late phase rehabilitation is graded
return to activity and sports participation. Meeting

Fig. 54.9 Bilateral ball
throw allows the
uninvovled limb to
assist in throwing and
catching the weighted
ball

697

milestones of shooting/passing/catching without
pain or apprehension is paramount as return to participation progressions will include increased volume, intensity, and unpredictable sport demands.
Late-stage rehabilitation can be organized into
peak-level sport demands, return to sport scenarios,
and return to sport scenario volume.
Peak-level sports demands of the basketball
shoulder are largely related to power training and
reactive/dynamic stability. This may include
exercises to target power, such as medicine ball
passing or throwing, which can mimic conditions
necessary for cross court passes or game plays
that require quick ball movements or change of
direction. Overload training is not always
required for the purposes of power development,
time between touches (time it takes a player to
receive and pass the ball to an auditory stimulus)
can also simulate plyometric and reactive stability needed for their sport. For our rehabbing point
guard, power training and reactive stability with a
medicine ball will begin with simple chest passes
off a trampoline or with a stationary partner. The
weight of the ball can be altered to increase load
or a metronome to shorten the amortization
required for quick catch/pass scenarios. In the
absence of pain/apprehension, progression into
overhead movements/postures may occur utilizing the same load/reactive stability principles.
This can include bilateral diagonals then progressing to 1 handed throws from overhead positions (Figs. 54.9, 54.10 and 54.11). It is essential
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Fig. 54.10 Progression
to unilateral ball toss
and catch to work on
plyometric
contractions of the
shoulder muscles

Fig. 54.11 Progression
of ball toss to further
into the overhead
range of motion to
more closely mimic
the demands of
basketball on the
shoulder

to ensure graded stress of the tissue as well as
challenge stability in ranges that could occur in
sport to assist in secondary prevention of reinjury. Passing/throwing distance may also have to
be increased without transitions, and is a primary
skill set of the player that requires graded exposure. If trampoline equipment is not available,
medicine ball throwing for distance is an acceptable alternative to work on power, and the use of
rapid resistance band movements could simulate
reactive stability and the amortization phase.
While power and reactive stability are essential for return to peak sport demands, it might not
completely simulate the full demands of their
sport. Basketball, particularly defending, requires
physical contact and perturbation of the shoulder
at high speeds and force. This can be seen in vari-

ous shoulder angles throughout a game including
opposed rebounding, blocking a shot, boxing out
on a free throw, taking on a pick, or attempting a
steal. These scenarios may not be completely
predictable, but progression using motor learning
concepts and graded tissue exposure, discussed
in the middle phase, can assist both the player
and clinician in appropriate criterion progression.
Once the players can demonstrate plyometric and
reactive passing of the basketball without apprehension or pain, then adding an external stimulus
or focus is suggested. These unanticipated events
can be in the form of a visual cue, verbal cue, or
un-cued. The purpose is for the player to not
think about their intended shoulder movements
and to focus on the game situation. For example
with our athlete, her catch/pass plyometrics can
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Table 54.9 Variables to stability/perturbation and plyometric exercises
Distance

Volume

Shoulder
angles
Perturbations

Level of
competition

Shots: Layups Jump Shots → Three
pointers
Passing: from the block to three-point
line and vice versa → half court →
full court (if needed)
Repetitions for power/max strength
goal; sets (number of possessions in a
game/expected playing time)
“Low five” position → “high five”
position
Blocked contact → random contact
Same intensity of contact → random
intensity of contact
1 vs. 1 → live play without contact →
live play with contact

be progressed to random targets which are cued
by a coach pointing to a target or yelling numbers
assigned to targets. Additionally, while defending, the opposing player may start by moving the
same direction or performing a predictable move.
This can be progressed to random directions or
variable dribbling skills that need to be reacted
toward. Once a player can perform upper extremity sport movements without internal focus on the
task, then additional volume and stress can be
placed on the shoulder (Table 54.9).
These variables should be applied and progressed gradually to best determine if one aspect
is a greater limiter to a player’s return to performance levels.
The final aspect of the late-stage rehabilitation
process is return to sports scenario volume. Sport
scenario volume includes the player’s ability to
perform all drill, skill, or volume-related tasks
that practice or play might require. Restoration of
the athlete’s capacity to complete all these scenarios is again to best prepare for unpredictable
sport demands. Ignoring the known conditioning,
playing, and practice demands of the position in
basketball could hamper full return to their prior
competitive level. This highlights the importance
of continued aerobic and anaerobic conditioning
throughout the rehabilitation stages and graded
increases of skill volume in the late stages. When
all prior peak physical performance and return to
play scenarios have been achieved, the athlete
then can begin to move into more unrestricted
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practice participation. Organized programming is
still suggested but should include variation in
playing scenarios for the player to best prepare
the shoulder for sport demand while still allowing the clinician to progress in a criterion manner.
This could include performing skill work while
in a fatigued state (shooting, passing, offensive/
defensive skill work intermixed with anaerobic
conditioning), intermixing skill work and live
play (rebounding practice with offense live
plays), or intermixing live play and conditioning
(shuttle intervals performed after a turnover or
change of possession) [10]. The end goal of this
variability is to achieve the necessary amount of
repetitions, playing time, and conditioning intensity/volume that mimics full sport demands.
Criterion for to move from late stage to return
to sport:
• Power: Single Arm Shotput Test: ≥100% if
dominant arm; or ≥90% if nondominant arm
• Strength: Isokinetic or isometric strength testing 90%; ≥100% if dominant arm
• Sport demands: No apprehension or pain with
full contact practice/conditioning demands
• Sport scenario volume: Unrestricted and
symptom-free completion of all sport-specific
tasks (e.g., shooting, passing, and rebounding)
• Patient reported outcomes: Disability of the
arm shoulder hand sport <10%, Penn
Shoulder >90%.
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55.1

Introduction

Basketball is a sport that requires consistent,
dynamic, high-intensity, multidirectional movement often in single-leg stance position, as well
as demonstrations of repetitive explosive power
and high-speed changes of direction. Basketball
players commonly experience trunk, hip and
groin (THG) pathology as a consequence of this
compounding mechanical loading pattern, while
treatment and management of such injuries are
challenging for the rehabilitation professional.
The aim of this chapter is to discuss the landscape and multi-factorial issues that clinicians
face when managing THG pathology and provide
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a clear structure of a rehabilitation programme.
While no authoritative protocol exists, guidelines
and shared experience of the authors can serve to
assist in the approach to care and further understanding of these types of injuries in basketball.

55.1.1 The Landscape
In order to accurately assess, treat and rehabilitate an injury to the THG, all clinicians must
know the anatomical landscape, which is complex due to the overlapping nature of the structures. An accurate diagnosis can be challenging
when considering the likelihood of concurrent
pathology, episodic recurrence and the number of
structures potentially impacted. As Ryan et al. [1]
alluded to, the complexity of the diagnosis in hip
and groin injuries creates a difficult rehabilitation
prospect for clinicians.
THG pain can be caused by many different
conditions as outlined in the DOHA consensus
[2]; adductor-related, iliopsoas-related, inguinal-
related, pubic-related (see Fig. 55.1), hip-related
and referred pain from the lumbar spine and
sacro-iliac joint.
Additionally, adverse and altered biomechanics can predispose a basketball player of
any age to an injury, be it driven from pain or
impaired movement control. In order to return
to the sport of basketball quicker, safer and
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Adductor-related groin pain
Iliopsoas-related groin pain
Inguinal-related groin pain
Public-related groin pain

Fig. 55.1 Common sites of groin pain for the basketball
player—adductor-related, iliopsoas-related, inguinal-
related and pubic-related

are increased physical demands on an athlete
during a game and practice.
Jackson et al. [4] published a 24-year follow-up
study and reported that 14.6% of all athletic-related
injuries sustained in the NBA were associated with
the THG, specifically the hip joint. Drakos et al. [5]
demonstrated over a 17-year injury incidence
surveillance study that hip pain and/or injury
accounted for 11.5% of all injuries; the most common issues were strains and contusions.
Kerbel et al. [6] looked at collegiate sports
with basketball included and reported an overall
rate of hip and groin injury in 53.06 per 100,000
athlete-exposures, with non-contact and overuse
mechanisms being the most prevalent. At the
other end of the career spectrum, Ekhtiari et al.
[7] reported that retired NBA athletes are at high
risk of hip and groin pain after retirement and are
more likely to require total hip arthroplasty compared with the general population.
Injuries to the THG can occur acutely, with
movements like slipping or cutting sharply.
Injuries can present themselves as an accumulation of chronic load or a spike in acute: chronic
workload leading to the onset of pain and pathology (see Fig. 55.2 from [8]).

55.1.2 Differential Diagnoses
of Trunk, Hip and Groin Injury
with minimal chance of injury recurrence, it is
crucial to determine the correct rehabilitation
intervention based on an accurate assessment
and be both 
progressive and equanimous
throughout the complete programme.
With the increased prevalence of imaging
techniques, coupled with a demand for imaging
by athletes, there is likely an increased incidence and prevalence of THG diagnoses in clinical practice and the literature [3]. However, it
may be possible to propose two main reasons
why there is a high reported incidence and prevalence of THG injuries in basketball. Firstly,
due to the nature of the multidirectional stop–
start movements required in play load the THG
region frequently. Secondly, as the game has
evolved dramatically over the last decade, there

Diagnosing a basketball player who has a THG
area injury is not always straightforward. High
interregional anatomical crossover, varied
nomenclature describing injuries and often
misleading imaging results (such as MRI) of
asymptomatic versus symptomatic players
make establishing a specific diagnosis
challenging.
One must not forget that while an acute injury
to a specific anatomical site can be treated
directly, chronic and cumulative stress injuries
often have many factors to consider. Biomechanics
and deficits in motor control capacity can predispose a player to pain and injury.
Common sites of pain and dysfunction in the
THG region include the following:
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Fig. 55.2 Acute: Chronic workload ratio showing low injury risk area and high injury risk area

• Trunk/abdomen—rectus strain, oblique tear,
abdominal hernia, non-specific low back
pain [9]
• Hip—hip impingement, labral tear, hip flexor
strain, bursitis
• Groin—strain, adductor longus tear, inguinal
hernia
A pathoanatomical approach has been proposed as the most effective treatment model for
the THG. A focus on individual sites of pain or
dysfunction weighs less important than one
thinks at first. Consequently, a treatment plan
should not simply target identified singular structures and also aim to identify and treat any movement impairments.

55.1.3 Outcome Measures
THG injury presents with a large number of
applicable outcome measures; these are very
important to incorporate into a rehabilitation programme for initial and regular objective clinical

benchmarking, prior to clearance for return to
basketball play.
1. Hip and Groin Outcome Score (HAGOS) is a
self-reported questionnaire. It is a reliable,
valid and responsive measure of hip and groin
disability in athletic populations so would be
fit for purpose and applicable for a cohort of
basketball players [10].
2. Hip Dysfunction and Osteoarthritis Outcome
Score (HOOS) consists of five subscales:
pain, other symptoms, function in daily living
(ADL), function in sport and recreation and
hip-related quality of life (QOL).
3. Hip and Lumbar Range of Motion (ROM):
Flexion, adduction, abduction and rotation
(hip); flexion, extension, side flexion left, side
flexion right—measured with a goniometer,
using standard procedures.
4. Hip and Lower Limb Movement Screen
(HLLMS) is a tool to identify biomechanical
and movement control issues to aid in the
rehabilitation programme design. The
HLLMS is a battery of seven functional move-
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ments developed at the Arthritis Research UK
Centre for Sport, Exercise and Osteoarthritis
(CSEO) [11] aiming to identify the athlete’s
ability to control lower limb movement. An
inability to control movements or poor quality
of movement may contribute to the insidious
onset of, chronicity, or recurrence of musculoskeletal-driven pain at the hip and groin.

55.1.4 Rehabilitation and Return-to-
Play Protocol
Larry Bird, the Boston Celtics hall-of-famer,
once said, ‘first master the fundamentals’. This
strategy can be adopted with regard to a rehabilitation programme in addition to basketball,
focusing on keeping things simple rather than
overly complex.
Due to its complexity as previously mentioned, managing THG injuries and pain is
tricky from a diagnostic and treatment perspective. A recent systematic review and metaanalysis [12] comparing the outcomes of
surgery versus rehabilitation stated that despite
the lack of high-quality studies, rehabilitation
has significantly quicker return to play (RTP)
times for pubic-
driven injuries, and similar
outcomes for other THG injury groups. The
researchers concluded that rehabilitation paying heed to biomechanics should be the primary choice.
It is important to point out that a surgical consult may be considered when pain and range of
motion restrictions are not improved, and overall
symptoms are persisting without any positive
changes. More often than not in these cases in
elite basketball, the physiotherapist or physical
therapist is the ‘primary care’ clinician. It is this
person who considers onward referral for an
orthopaedic consult when issues that cannot be
treated conservatively present. There is more art
through means of experience-driven clinical reasoning science in these cases.
There are occasions when groin surgery or
similar is undergone and quicker RTP, acceptable
outcomes and less episodic symptoms occur
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rather than when managed conservatively.
Following surgical treatment of femoroacetabular impingement (FAI), studies have shown no
performance deficits when compared with
matched controls in the NBA [13]. Moreover, a
study of 24 NBA players showed a 100% return
to play and no significant performance decline
post hip arthroscopy for FAI [14].
The rehabilitation goals established for a
basketball player require the inclusion of
knowledge associated with both the physical
and psychological demands of basketball and
expectation of the athletes and medical team
supporting the player. In relation to the physical demands of the game, a clinician needs to
understand some key principles. Basketball is
a game that requires lots of physical dexterity
in that players need to be able to move quickly
in many directions, jump repeatedly and sustain energy for long periods of high intensity
whilst on court. Psychologically, a player
needs to be in tune with his or her demands on
the court (i.e. set play running and strategy),
the role within the team, tactics for a certain
rehearsed play, player or game, etc. Developing
an intervention that meets the needs of a basketball player must include consideration of
the most efficient method of returning one to
basketball with minimal risk of compromising
the healing process and minimal risk of reinjury [15].
Following on from a comprehensive subjective and objective assessment (see Fig. 55.3), an
individualised and specific programme can be
created to help the player with a THG injury
(Fig. 55.4). This programme can be used as a
template to adhere to for any of the chronic or
acute issues a clinician could face in the field of
basketball sports medicine and physiotherapy for
a THG injury.
The steps include the initial clinical consultation, by the case manager or leading clinician
as outlined (Fig. 55.4), phased physiotherapy
and rehabilitation, movement analysis, if possible, follow-up with the case manager, oncourt conditioning and return to play and game
fitness.
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Fig. 55.3 Standard
evaluation form used in
clinic for THG injury

Reduction of
pain,
inflammation
and swelling

Recovery of
range of
motion
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History with CM (Case manager)- how did the injury take place; mechanism of injury?
Severity- how bad is it? - severe, moderate or mild nature
Pattern- day/night, worse at rest or with exercise, sharp or dull ache
Aggravating and easing factors- ice, heat, NSAIDS, rest, movement etc
Previous Injury History- to this area or other?
Medical/ drug history- anything of note that could impact THG issue mentioned
Diagnosis: Preliminary, differential, final
Gaps analysis: nutrition, motivational/ behavioural psychology, sports medicine,
physiotherapy (other areas that need addressing along with primary clinical injury)
Outcome measure used- e.g. HAGOS
Objective examination- observation, palpation of focused region, range of motion
(all planes of movement in relation to the trunk, hip and groin), strength (e.g. using
hand held dynamometer, adductor squeeze tests at varying degrees), special tests
(Thomas test, FABER, FADIR, etc), functional movements (looking for quality and
willingness to move)
Short-term and long-term goals- 3 for each
Recommended treatment plan (pool/gym/court)- split of pool, gym and court planned

Recovery of
all
elements of
strength

Proprioception
and neuromotor control

On-court
conditioning
and skill
acquisition

Return-to-train Return-to-play

Return-tocompetition/
performance

Fig. 55.4 Rehabilitation pathway for THG injury in a basketball player—each phase explained in greater detail below
(adapted from model of Isokinetic Medical Group)

55.1.4.1

Reduction of Pain,
Inflammation and Swelling
To achieve an optimal outcome, it is crucial to start
well in the early stages after an injury, utilising isolated corrective exercises to target specific muscle
dysfunction and weakness, such as using the
Copenhagen protocol and exercises for adductorrelated groin pain. It is elemental to retrain and
recondition all exercises without the presence of
pain. It makes little sense to further stress a joint or
soft tissue structure that is already potentially
overloaded. Modalities to reduce pain and inflammation must be utilised, and any swelling must be
managed and resolved as soon as possible.

55.1.4.2 Recovery of Range of Motion
It is important to address deficits in range of
motion, as examined during the assessment. This
will further help create an optimal foundation for
a more functional rehabilitation phase. Strategies
should be employed to help increase joint and
capsular mobility, which would also impact soft
tissue in near proximity, such as a hip-based
mobility routine or controlled articular rotations.
Furthermore, posture is often overlooked in
rehabilitation, and yet it is so important for gait and
static positions such as sitting or standing [16].
Ross et al. [17] stated that increased anterior tilting
at the pelvis reduces hip flexion, adduction and
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internal range of motion, which may lead to early
onset of degenerative hip impingement. Thus, it
helps to add postural cueing to encourage good
pelvic setting.

55.1.4.3

 ecovery of All Elements
R
of Strength
Progressions should aim to reduce the focus on
isolated strengthening whilst introducing more
global and basketball-specific exercises. A key
point here is to place a demand on the tissues to
tolerate rapid loading capacities at lengthened
states. These progressions in strength demands
should integrate the previously dysfunctional
muscles into motor patterns whilst gradually
increasing the degrees of movement to build up
movement complexity. Exercises should target
the entire kinetic chain and utilise eccentric and
concentric contractions, whilst continuing to
build hip stability strategies.
At this point, generally following the attribution of adequate local and global muscle strengthening, compound multi-joint movements are used
to challenge the ability of the athlete to maintain a
neutral lumbopelvic posture. Common exercises
for basketball players to target this area would
include hip-hinge exercises such as deadlifts,
Romanian deadlifts, goblet squats and split squats,
as examples [16]. Please refer to Fig. 55.5 for a
breakdown of some exercises that can be chosen
for the trunk, hip and groin areas in
rehabilitation.
Muscle strength testing provides a key role in
understanding THG injury severity and for helping guide return to court decision-making. During
the physical examination after an injury, testing
gives immediate information on which activities
the athlete can perform without the presence of
pain or symptoms that could jeopardise a timely
return to play.
During the testing of a groin injury the practitioner should assess muscle strength (see
Fig. 55.6) and endurance (see Fig. 55.7) with
some easy to do tests.
55.1.4.4

Proprioception and Neuro-
Motor Control
One of the possible explanations for an injury to the
THG is related to poor motor patterning due to
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underlying muscle imbalances; the local stability
system is often inhibited by pain and dysfunction,
forcing the body to adopt compensatory patterns.
These can in-turn lead to improper pelvic positioning during functional movements, resulting in
uneven load distribution and site-specific overload.
The prescription of therapeutic exercises
should be based on noted biomechanical factors,
while considering current evidence and demands
of basketball. A comprehensive approach should
involve identifying and correcting imbalances
and relative compensatory patterns, retraining
movement competency, focusing on neuro-motor
control patterning and developing lumbar-pelvic
proprioception, stability and dynamic control.
At this point in the phases of rehabilitation,
functional tests are crucial as milestones in the
rehabilitation pathway and can help inform final
decision-making calls with regard to an unrestricted return to the court with low re-injury risk.
These are more commonly used towards the end
of the gym-based work prior to progressing to
on-court rehabilitation.
Here are some examples of common functional tests validated and deemed reliable for
THG injury [18]:
Single leg squat
Star excursion balance test
Single leg hop for distance: anterior/medial/lateral
Triple hop
Change of direction tests (t-test, Illinois agility test)

Rehabilitation must follow a continuum from
the therapy room to the court; however, it is
important to remember that a player can take part
in therapy exercises whilst on court, such as
shooting from the free throw line on a chair, or
balancing on one leg and shooting inside the key.
It is useful to think of the end goal and build backgrounds from return to court play to injury [19].
It is important to remember that patience is a
virtue and rather than becoming overly focused
on individual impairments within rehab, a focus
on global neuromuscular training and psychological readiness may provide the greatest risk
reduction moving forward. A player returning to
play prematurely represents not only an increased
injury risk but also poses as a threat to achieving
optimal performance.

55 Rehabilitation of Trunk, Hip and Groin Injuries in Basketball Players

Exercise

Trunk

707

Hip

Lat

Flex

Ext

Flex

Groin

Ext

Abd

IR

Add

SQUAT
Back

+

-

++

-

++

++

-

+

Single Leg

++

-

+++

-

+++

++

-

+

Dumbbell

++

-

++

-

++

++

-

+

Bulgarian

+

-

+

+

++

+

-

-

Barbell

+

-

++

-

++

++

-

-

Dumbbell

++

-

+

-

++

+

-

-

Lateral Slider

-

-

+

-

++

+

++

++

Barbell

++

-

+++

-

+++

++

+

+

Sumo

++

-

+++

-

+++

++

++

++

Romanian

++

-

+++

-

+++

++

+

+

90 - 90

-

-

-

+

-

-

+++

+++

Straight

-

-

-

-

-

-

+++

+++

Barbell

-

+

++

-

+++

++

-

+

Banded

-

+

++

-

+++

++

-

+

Plank

+

++

-

+

-

-

-

-

- Hip Ext

+

++

-

+

++

-

-

-

++

+

-

-

-

+

+++

+++

LUNGE

DEADLIFT

ISO BALL SQUEEZE

HIP THRUST

PRONE

COPENHAGAN
ADDUCTION
Conventional

Fig. 55.5 Table formatted as companion for exercise selection and prescription. These exercises should be chosen
alongside sound and justified clinical reasoning and with
athlete individualised interventions. +++ Very effective,

++ Effective, + Small effect, − Negligible to minimal effect
or unknown data. (Scores are based off of clinical
experience)
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Fig. 55.6 Groin muscle
testing—strength
parameters examining
the maximal strength as
measured by a
dynamometer or cuff.
Squeeze 0°, Squeeze 90°
(see Fig. 55.7 below),
eccentric hip adduction,
eccentric hip abduction,
isometric hip flexion at
90°

Fig. 55.7 Groin muscle
testing—endurance
parameters examining
how long the athlete can
hold the position with
optimal control and
form. Side plank, long
lever posterior tilt plank,
Copenhagen adduction
(see Fig. 55.7 below)

55.1.4.5

On-Court Conditioning
and Skill Acquisition
The final stages of rehabilitation will be on-court,
where adequate and appropriate high-speed and
multidirectional movement takes place with a
coach helping the performance team.
Basketball-specific conditioning, the restoration of linear running and cutting drills and cognitive training are employed at this point. The
load, as measured and monitored by GPS accelerometery, should be gradually progressed to
build towards an accumulative appropriate load
for training. A player needs to be able to complete a full training scenario session at maximal
intensity to build up tolerance and robustness of
the tissue and body overall. Additionally, focusing on the re-introduction of adequate court vol-

ume and adequately dosed rehabilitation and
strengthening exercises are critical to reducing
the risk for re-injury.

55.1.4.6 Return-to-Train
A collaborative decision between rehabilitation
professional, player and coaching team must be
taken to integrate the player back into team-based
on-court training. Involvement in pre-planned
drills involving pre-determined movement requirements and skills are the starting platform for return
to training for the player. Ongoing assessment of
cardiovascular fitness levels specific to basketball,
muscular strength and endurance, psychological
readiness and overall team play integration are
required to monitor injury risk potential associated
with a timely return to play.
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Chronological and outcome-based increments
in performance demands are placed on the player
as appropriate including unplanned movement
patterning, landing mechanics, change of direction in response to on-court basketball demands.

55.1.4.7 Return-to-Play
The battery of strength, endurance and functional
testing that was undertaken earlier on in rehabilitation must now be repeated to ensure an adequate recovery. The resultant decision must be
based on hitting the needed parameters and
benchmarks to avoid re-injury, return-to-training,
return-to-play, competition and ultimately performance. Specific criterion which should be targeted before a return to play are strength deficits
of less than 10% on the injured side compared
with the uninjured side, particularly relevant in
adductor-related groin pain. Clinically strength
testing provides the clinician and player with a
specific and easily implementable outcome
marker as the player can act as their own comparative control.
Following on from these higher demands of
open play in training, the athlete must reach not
only an adequate level of court fitness but also a
sufficient level of tactical knowledge and performance to return to play. Once the player has taken
part in a comprehensive and consistent training
schedule, the medical staff and coaching staff can
agree on and coordinate a return to play.
55.1.4.8

Return-to-Competition/
Performance
An athlete who has utilised the rehabilitation process to return to play represents the best outcome
for player, rehabilitation professional and coaching staff. For example, an athlete with a recurrent
groin strain who not only focuses on adductor
musculature strengthening but also addresses deficits in glute strength, hip mobility and lumbopelvic control may return with higher potential
performance outcomes and a reduced injury risk.
The real objective is for the basketball player to
return to previous levels of performance in comparison to pre-injury levels or perhaps even
exceed those levels.
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Take-Home Messages and Concluding
Remarks

Trunk, hip and groin injuries create a multitude of challenges to those involved in
basketball sports medicine and performance science. Rehabilitation must address
biomechanical issues that may compound
an acute injury or may correlate with
increased loading on tissues chronically
over time. The clinician must blend principles of anatomy, movement and basketball-
specific retraining drills in order to achieve
a permanent change in the players’ movement patterns and reduce re-injury risk.
Frequent testing of strength, endurance
and functional parameters must be part of
the rehabilitation plan that is grounded by
outcome measures taken during the initial
assessment period. Finally, rehabilitation
should follow a robust and graduated
phased approach from early stages through
to completing all pertinent return to play
criteria to enable a safe return to full basketball play and competition.
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56.1

Introduction

At every level of play, knee injuries are some of
the most common, and often most severe, injuries in basketball [1–4]. In the National
Basketball Association (NBA), knee injuries
(patella and knee joint combined) account for
19.1% of injuries, and result in more missed
games than ankle and lumbar spine injuries, the
two most common injuries, combined [3]. In
the Women’s NBA (WNBA), knee injuries
account for 22.5% of all injuries, with a knee
injury rate of 4.4/1000 athletic exposures,
almost twice the rate of the NBA (2.5/1000 athletic exposures) [2].
Although much of the rehabilitation literature
focuses on anterior cruciate ligament (ACL) injuries, other knee injuries common in basketball
include meniscal, chondral, patellofemoral or
anterior knee pain, patella tendinopathy, medial
(MCL) or lateral collateral ligament (LCL), or
less commonly posterior cruciate ligament (PCL)
injuries [1]. This chapter will focus on relevant
information in the rehabilitation of all knee injuries, with notes related to specific injuries. For
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more details on treating patella tendinopathy, see
Chap. 55.
The goal of knee rehabilitation, regardless of
injury or surgical intervention, is to allow an athlete to safely return to activities of daily living
and, when desired, to sport. Working with the
athlete to identify goals both specific to their
injury as well as to basketball and their wider life
is important to building a tailored rehabilitation
plan. Engaging the athlete in the rehabilitation
process, from goal setting to planning and execution, is beneficial both for their engagement and
motivation as well as for setting appropriate
expectations [5].

56.2

Rehabilitation Content

There are multiple clinical practice guidelines on
knee and ACL injury rehabilitation to direct clinicians in building rehabilitation programs
aligned with the best available evidence [6, 7].
Although not specific to basketball, the best
practices presented in clinical practices guidelines should be followed by clinicians and performance teams.
In the case of an ACL injury, or other injury
requiring surgical intervention, there is significant value in the athlete performing a period of
rehabilitation prior to surgery. This pre-operative
rehabilitation, or prehab, allows the athlete time
to regain range of motion, decrease effusion, and
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build strength [8–10]. Building quadriceps
strength pre-operatively is related to greater
strength post operatively [8]. Quadriceps strength
is not the only benefit for prehab; athletes who
participate in pre- and postoperative rehabilitation have better patient-reported outcomes 2
years after ACL reconstruction [8–10]. Prehab is
not always possible and it does not replace high-
quality postoperative rehabilitation, but it is an
important component to knee rehabilitation that
should be considered for the long-term outcomes
of the athlete.
Rehabilitation progression should be guided
by objective milestones and regular assessment
along with feedback from the athlete. Milestones
should be tailored to the unique needs of the athlete and will help the clinician gauge the athlete’s
progress as well as identify deficits. Early milestones often include range of motion, strength,
and normalizing gait. These are important objective markers because deficits in extension range
[11], quadriceps strength [12, 13], and aberrant
biomechanics (stiffening gait, dynamic valgus,
and unloading the involved knee) [14–16] are
associated with the development of osteoarthritis.
Motivation, fear of reinjury, and confidence
are also important in the rehabilitation process.
Athlete engagement in the rehab planning and
assessment can help educate, engage, and motivate an athlete, particularly in longer rehabilitations, such as after ACL reconstruction [5].
Regular assessment of an athlete’s self-reported
function, through patient-reported outcome measures such as the International Knee
Documentation Committee’s 2000 Subjective
Knee Form (IKDC) or the Knee injury
Osteoarthritis Outcome Score (KOOS), can give
clinicians insight into how the athlete views their
knee function [17, 18]. The KOOS includes five
subscales: symptoms, pain, function during
activities of daily living, function during sport
and recreational activities, and quality of life,
allowing clinicians to hone in on particular areas
where an athlete might be struggling [18]. The
Anterior Cruciate Ligament Return to Sport after
Injury Scale (ACL-RSI) is another patient-
reported outcome measure valuable in assessing
an athlete’s progression through rehabilitation.
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The ACL-RSI assesses psychological readiness
to return to sport via questions regarding the athlete’s emotions, confidence, and risk appraisal
related to returning to sport [19].
Strengthening the involved and uninvolved
lower extremities is an important part of rehabilitation for the knee of any athlete, but particularly basketball players. Knee effusion is
common with many knee injuries, and can
inhibit quadriceps muscle function [20]. RICE
(rest, ice, compression, elevation) or POLICE
(protection, optimal loading, ice, compression,
elevation) [21] after acute injury to reduce
inflammation can help minimize the effects on
quadriceps activation. Neuromuscular electrical
stimulation can also facilitate quadriceps activation [7]. Strengthening of the entire lower
extremity, not just the quadriceps, is valuable to
provide stability to the knee and lower extremity. The hamstrings, quadriceps, glutes, gastrocnemius, and soleus, all play significant roles in
running, jumping, and cutting which are integral
to basketball, making their strength essential.
Baseline measurements, such as preseason measurements, of strength can be helpful markers
for clinicians to use as they assess progress
through rehabilitation or readiness to return to
sport.
Building or rebuilding neuromuscular control
is also a key component of rehabilitation. As basketball requires quick accelerations and decelerations, running, cutting, pivoting, and jumping at
high speeds, the ability to control the lower
extremity during these movements is essential.
Knee valgus collapse, or the combination of hip
adduction, hip internal rotation, and knee abduction, during jumping, running, and cutting has
been linked to knee injury risk [16, 22, 23]. Thus,
building single-leg balance, stability, and control
to be able to avoid high-risk movement patterns
is likely important for secondary knee injury prevention. For example, training neuromuscular
control generally with simple exercises such as
stationary single-leg balance activities with a
basketball, building to slower controlled movements such as footwork patterns, before progressing to higher speeds and more demanding
moving tasks.
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It is important for clinicians to consider the
demands of basketball as they plan their athlete’s
rehabilitation. Basketball requires cardiovascular
fitness and the ability to perform repeated accelerations and decelerations. In addition to
horizontal-based movements, basketball also has
a significant vertical component with jumping
involved in many actions from shooting to
rebounding. All of these horizontal and vertical
movements place a high demand on the athlete’s
knee. Thus, progressively building an athlete’s
load so that the joint can handle the impact and
forces, and so that the athlete can handle the overall loads of basketball, is important. Basketball,
particularly at higher levels, also involves a large
amount of physical contact. Rehabilitation must
gradually expose and prepare athletes to return to
these physical and physiological demands.
Rehabilitation for a basketball player after a
knee injury will also need to be tailored to their
position. Guards will spend more time with a ball
in their hands, thus dribbling exercises
(Fig. 56.1a), endurance in a squat position, as well
as building toward cutting/pivoting at high speeds
is important. Forwards/wings have some dribbling responsibilities, however are often looked to
for shooting. Thus, jumping, rebounding, and
shooting are key foci, as well as driving to the basket (Fig. 56.1b). Driving to the basket can involve
contact, thus preparing athletes for unexpected

perturbations and agility through tight spaces
between people is valuable (with/without contact). Centers traditionally are relied on for
rebounding and scoring from under the basket
(Fig. 56.1c). Centers must be very physical as
they are often relied on to set screens, sometimes
resulting in significant contact. Rehabilitation for
centers must prepare them to be stable in a squat/
screen position with unexpected physical perturbations. The role of a center may vary from team
to team, some playing in a role closer to a wing,
thus adjusting rehabilitation to the demands that
the player will face is crucial to fully prepare them
for a safe return to sport.

a

b

Fig. 56.1 (a) Dribbling. (b) Lay-up. (c) Rebounding

56.3

Rehabilitation Progression

Progression of exercise during knee rehabilitation should be guided by the athlete’s subjective
reports and objective clinical measures.
Throughout rehabilitation markers such as effusion, joint soreness, and pain can be used to
gauge how the athlete’s knee is responding.
Guidelines for using soreness and effusion to
adjust exercise progression have been published
(Table 56.1) [24, 25].
Good guidance for all exercise progression is
centered around principles of exercise progression: specificity, overload, progression [27]. In

c
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Table 56.1 Soreness and effusion guidelines [24, 25]
No soreness
Soreness guidelines
If sore during warm-up but soreness is gone during
warm-up
If sore during warm-up and soreness continues with
initiation of exercises
If sore more than 1 h after session or the next day
Effusion guidelines
1+ effusion or less
2+ effusion or larger

Advance
Repeat previous day’s session
Stop; take 2 days off; and upon return repeat session
from 2 days prior
Take 1 day off; repeat previous day’s session
Complete planned session and advance as appropriate
Hold session, treat effusion, and review effusion
management with athlete
At the next session:
 • If trace or less effusion: Advance as appropriate.
 • If 1+, maintain same level of exercise.
 • If 2+, continue effusion management.

This table is written as if the clinician is seeing the athlete daily. If the athlete is being seen less frequently, adjust
accordingly. Effusion is graded using the sweep test [26]

other words, exercises should target a particular
structure (specificity); they should challenge the
athlete’s current abilities (overload), and be
planned so that they continue to challenge the
athlete over time (progression). Two models
which clinicians may find helpful in building
their progressions are Blanchard and Glasgow’s
[28] model for exercise progression and Taberner
et al.’s [29] control to chaos continuum.
Given the emphasis in basketball knee rehabilitation on building good neuromuscular control, it is beneficial to the athlete to use
principles of motor control and learning.
Gokeler et al. [30] laid out four principles of
motor learning that are helpful in guiding a clinician’s rehabilitation implementation. The
principles are as follows: (1) external focus of
feedback, (2) implicit learning, (3) differential
learning, and (4) self-controlled learning and
contextual interference [30]. These principles
are described in more detail in Chap. 60
On-Court Rehabilitation.
The author is of the opinion that a basketball
should be integrated into rehabilitation even from
the acute stages. This can be from holding a ball
during core exercises to shooting while seated in
early phases to building on-court rehabilitation in
to later phases of rehabilitation. More details on
integrating a basketball into rehabilitation are
covered in Chap. 60.

Regardless of the knee injury, timelines for
healing must be an integral part of rehabilitation
planning and exercise progression. After ACL
reconstruction, it is possible that graft healing
may take 9–24 months, with bone bruises concomitant with ACL injuries taking as many
12–16 months to heal [31]. MCL injuries,
depending on the grade, may take a few weeks to
months to heal, allowing for scar tissue to build
and mature. Chondral injuries, particularly if
treated surgically with procedures such as osteochondral allograft transplantation, may require
extended periods of time non-weight-bearing.
Surgical or surgeon protocols will determine the
progression of weight-bearing as well as time
before return to sport is allowed. It is important
that these timeframes are respected to allow the
injured structures to heal, and build up the athlete’s exposure to the demands that they will face
on-court before they return to play. One caveat is
that while time from injury/surgery is needed as
one of the objective criteria for return to sport, it
cannot be the only criteria [32].

56.4

Rehabilitation Phases

The phases of rehabilitation and duration of
each phase will vary based on the injury as well
as numerous other factors. Progression from one
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phase to another should be based on objective
criteria laid out at the beginning of rehabilitation. The potential phases presented here are
focused on a rehabilitation perspective and do
not include progression of cardiovascular fitness
or upper/general lower extremity strengthening
that must be advanced simultaneously with
rehabilitation.

56.4.1 P
 rehabilitation (In the Case
of Surgical Management,
Particularly of ACL Injuries)
Focus: The primary focus of prehabilitation is to
“quiet the joint”, reducing inflammation, improving range of motion, and maximizing quadriceps
strength in an attempt to maximize postsurgical
outcomes [8, 33].
Goals:
• Full range of motion (active and passive)
• Minimal to no effusion
• 90% quadriceps strength limb symmetry [8]

56.4.2 A
 cute (Post-Injury or
Post-Surgery Depending on
Treatment Course)
Focus: The acute phase is focused on reducing
inflammation and restoring basic function.
Goals:
• Full range of motion (active and passive)
• Minimal to no effusion
• No quadriceps lag with straight leg raise
• Symmetrical walking gait pattern

56.4.3 Intermediate
Focus: The focus of the intermediate phase is to
restore activities of daily living, progress strength
and neuromuscular control to prepare the athlete
for the higher-level demands of sport-related
tasks.
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Goals:
• Pain-free and unrestricted activities of daily
living
• ≥ 80% quadriceps strength limb symmetry
• Control of the knee during dynamic weight-
bearing, particularly single-leg, tasks
• Able to control knee under load and in closed
kinetic chain positions
• Return to running initiated

56.4.4 Late
Focus: Late phase rehabilitation focuses on more
complex and dynamic movements and tasks
related to sport. This phase includes return to
play progressions on- and off-court.
Goals:
• Identify and expose the athlete to the demands
that they will face upon return to basketball
• Meet or exceed all return to sport criteria set
out by medical team
• Able to move on- and off-court with good
neuromuscular control
• Able to control knee during high-speed cutting, pivoting, and jumping activities

56.4.5 Return to Performance/
Secondary Prevention
Focus: Once an athlete has returned to play, this
phase of rehabilitation involves helping the athlete reach or exceed their preinjury level of performance on and off the court. Further, this phase
must include ongoing efforts to prevent subsequent injuries, particularly knee injuries.
Goals:
• On-going performance of a knee injury prevention program
• Meet or exceed preinjury performance indicators (performance indicators could be
performance-
based, such as acceleration/
decelerations per game, or basketball-based,
such as points or rebounds per game.)

A. J. H. Arundale
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56.5

Special Considerations
for Particular Injuries

Many aspects of basketball knee rehabilitation
are similar across injuries. Some injuries do
require particular attention. For example, after
MCL injuries shooting needs to be monitored
closely. Many basketball players collapse into a
valgus pattern (hip adduction, hip internal rotation, and knee abduction) when they shoot
(Fig. 56.2a). As valgus stresses the MCL, it is
important that even low-level shooting drills be
done with proper squat form to avoid stress on
the healing MCL (Fig. 56.2b). A clinician’s
emphasis on good form should continue through
to athletic tasks, such as cutting and lateral
changes in direction which also place high
stresses on the MCL.
Clinicians’ awareness during rehabilitation of
cartilage and meniscal injuries should be around
weight-bearing stress and impact. Weight-bearing
timelines after chondral or meniscal surgery
should be strictly adhered to. Clinicians can use
devices such as accelerometers or inertial measurement units to quantify exactly how much
load is going through the knee joint. Thus, once
weight-bearing is allowed, clinicians should map
out a gradual increase in load, building toward a
full return to basketball, to avoid over- or underloading the tissue.

a

Fig. 56.2 (a) Free throw. (b) Free throw with knee valgus

PCL injuries are rare in basketball [3, 4].
Rehabilitation of a PCL injury must heavily
emphasize quadriceps strength and avoid hamstring activation early after injury/surgery [34].
The quadriceps act as a stabilizer after PCL
injury/surgery, but the hamstrings can pull the
tibia posterior potentially stressing healing tissues [34]. Given the importance of both the hamstrings and quadriceps acting both concentrically
and eccentrically during running, jumping, cutting, and pivoting, clinicians must help the athlete appropriately build the strength of both
muscle groups so that they can stabilize the knee
as well as perform the movements needed to play
basketball.

56.6

Return to Sport
Decision-Making

The decision of when an athlete is ready to return
to sport is one of the most difficult that sports
medicine professionals have to make. As such,
the decision should not be made by one clinician,
but rather as a collaboration of those involved in
the diagnosis, treatment, rehabilitation, and training. The athlete should play an integral role in
decision-making, as well as coaches.
Although time from injury or surgery is
an easy criteria, time alone cannot be used to

b
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make a decision on whether or not an athlete is
ready to return to basketball after knee injury
[32, 35]. Healing timeframes must be adhered
to, but objective criteria are necessary to best
advise medical teams on when an athlete is safe
to return. Currently, there is no gold standard
or ideal set of criteria [35–38]. Criteria must
be tailored to the individual athlete. Clinicians
should use the Strategic Assessment of Risk
and Risk Tolerance (StARRT) framework [39]
for return-to-play decision-making in planning
return to sport criteria. The StARRT framework
has clinicians first assess the athlete’s health
risk, evaluating factors such as demographics,
signs, symptoms, injury and medical history, to
evaluate the tissue health. Next, the framework
recommends clinicians assess the risks associated with activity, for example, the type of
sport, position, competitive level, the ability to
protect the injury, as well as the athlete’s psychological readiness, all factors that will affect
the tissue stress. Finally, the StARRT framework prescribes assessment of risk tolerance and
modifiers of the risk, such as time in the season,
external pressures, conflicts of interest, risk/fear
of litigation, and pressure from the athlete. By
examining from a tissue level up to the external
pressures and stakeholders, the StARRT framework guides clinicians toward building specific
criteria that will hopefully facilitate the safest
return to basketball for the athlete.
Although there is no gold-standard return to
sport criteria, the literature indicates that after
ACL reconstruction using a battery of return to
sport criteria likely decreases the risk of a future
knee injury and future ACL injury (Table 56.2)
[12, 35, 37, 38, 40].
Return to sport testing should likely also
include assessments of an athlete’s cardiovascular capacities as well as their ability to perform
basketball-type
movements.
The
YoYo
Intermittent Recovery Test is a valid and reliable
test [45]. The YoYo test results can be used to
estimate VO2Max [46] or be compared to preinjury
data, for a relative understanding of the athlete’s
progress. Recording the fitness and basketball
work the athlete has performed, what could be
referred to as their chronic workload is also

Table 56.2 Potential return to sport criteria after knee
injury
Criteria common in the literature [12, 35, 40]
≥ 90% quadriceps strength limb symmetry (isometric
or isokinetic)
≥ 90% on single-legged hop tests (single hop, triple
hop, and cross over hop for distance, and the 6 m timed
hop)
≥ 90% score on the Knee Outcomes Survey—
Activities of Daily Living
≥ 90% global rating of perceived knee function
(0–100%, with 100% being preinjury level of function)
≥ 90% score on the Anterior Cruciate Ligament Return
to Sport after Injury (ACL-RSI) Questionnaire
Other potential criteria
Quadriceps strength equal or greater than preinjury
≥ 90% preinjury strength of other lower extremity
muscles such as hamstrings, gluteus medius, and
adductors
Achieved maximum preinjury running speed (both
running straight as well as during play)
Preinjury or better scores on cardiovascular test such as
the YoYo Intermittent Recovery Test
Preinjury or better scores on tests related to movements
involved in basketball such as 10 m acceleration, 505
test [41, 42], and jump height
Achieved preinjury or better score on a reliable
movement assessment such as Nae et al. [43]
Performed multiple sessions of high-speed running
Performed on-court progressions involving increasing
contact as well as increasing number of players, such as
those laid out in Chap. 60
Completed at least one (ideally multiple) full training/
practice session with team
Built up chronic work load sufficient to allow for no
large spike in workload upon return to play [44]

important to determine how much an athlete can
be safely pushed on court without putting them at
a high risk for a new injury [44]. Among other
techniques, recordings could be made using an
athlete’s rate of perceived exertion, heart rate
monitor, or accelerometer (see Chaps. 64 and 65
for more information).
Tests such as 10 m acceleration, the 505 test
[41, 42], or jump height can help the medical
team understand the athlete’s progress with
regard to acceleration, deceleration [47], change
of direction, and jumping. These tests can help
assess the knee’s tolerance to higher forces and
stresses that mimic basketball. A basketball can
be added to tests, such as sprint dribbling 10 m or
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dribbling the 505 test. The time difference
between performing the test with and without a
basketball can be referred to as the dribble deficit
or the extent that dribbling affects the athlete’s
speed [47].
Further, an athlete’s ability to perform
basketball-specific movements, particularly with
good neuromuscular control, may be important in
reducing their future injury risk [16]. There is
significant discussion in the literature on whether
return to sport testing should be performed in a
fatigued or non-fatigued state [48, 49]. However,
it may be of value to the clinician to assess the
athlete in various states, such as no fatigue, cardiovascular fatigue, and cognitive fatigue as the
athlete may perform differently in each state and
could help identify deficits that require attention.
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indicators could include accelerations or decelerations per minute, total distance covered, or
total distance covered above a certain speed.
Basketball-performance indicators could be
points, rebounds, assists, or blockers per game.
These performance indicators will help clinicians
and coaches fairly judge an athlete’s performance
as well as identify areas where they may still
need work.
In addition to a return to performance, clinicians have a duty of care in assisting an athlete
prevent a future injury. After any knee injury, but
particularly after ACL injury, athletes are at a
higher risk for a new knee injury [51]. Incidence
of a second ACL injury, ipsi- or contralateral, is
as high as 30% [52], with younger and female
athletes being at higher risk.
Secondary prevention, or preventing an injury
from worsening or reoccurring, once an athlete
56.7 Return to Play, Return
returns to play can take numerous forms. Some
known modifiable risk factors for future injury
to Performance,
include biomechanical risk factors [16] as well as
and Secondary Prevention
workload [44]. Modifying workloads, with the
It is easy for a clinician to assume that once an goal of reducing injury risk, is discussed in more
athlete has returned to training or to game-play detail in Chaps. 64 and 65. Biomechanical risk
that rehabilitation is done. However, there is a factors can be addressed as part of a neuromuscudifference between an athlete returning to play lar injury prevention program, or in clinician
and returning to their preinjury level of perfor- designed neuromuscular training built as an
mance [50]. A return to training could be consid- extension of the athlete’s rehabilitation and conered, an athlete returning to sports participation tinuing work on deficits identified and addressed
[50]. Participation may be followed by a return to but not eliminated during rehabilitation.
play, where an athlete begins to play games, but Neuromuscular prevention programs, designed
that return to play does not necessarily mean that for primary prevention, such as the 11+
the athlete is performing physically or sporting- (previously known as the FIFA 11+) [53, 54] or
wise at the same level as they did prior to their Knäkontroll [55] programs have demonstrated
injury. The athlete’s return to performance is effectiveness in soccer players in preventing injuwhen they are able to achieve key performance ries, particularly knee injuries, and may hold
indicators equal to or greater than their preinjury benefit for basketball players. There is very little
level of play.
literature on prevention in basketball players;
Return to performance is discussed in greater however programs such as the Sportsmetrics prodetail in Chap. 60 (On-Court Rehabilitation); gram demonstrate potential benefit in women
important factors for clinicians to consider are [56]. Common elements to effective programs
identifying key performance indicators, both include ≥20 min per prevention session, ≥30 min
from a physical-performance and basketball- total volume per week, and exercise components
performance point of view. Physical-performance that involve strengthening and plyometrics [57].

56 Rehabilitation of Knee Injuries in Basketball Players

719

Take Home Messages

• Planning is essential. From the initial
injury, performance/medical teams
should work with the athlete and
coaches to develop a plan for rehabilitation, including objective criteria for progression and return to sport as well as
key performance indicators for assessing return to performance.
• Rehabilitation can be monitored and
advanced using soreness and effusion
guidelines as well as the principles of
exercises progression (specific, overload, progression).
• Rehabilitation should be tailored to the
needs of the athlete, such as their
position.
• Objective return to sport criteria should
be specific to the athlete. Use of the
StARRT framework can help guide clinicians in developing appropriate
criteria.
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57.1

Introduction

factors [5, 6]. Among these modifiable factors,
movement dysfunction after ACLR is known to
Anterior cruciate ligament (ACL) injuries are one influence ACL injury risk, and this key area is
of the most common serious knee conditions an important topic in reducing both primary and
secondary ACLR injury risks [7–12]. Thus, the
affecting the career of many athletes.
Outcomes after ACL rupture and subsequent incorporation of targeted neuromuscular trainreconstructive surgery are suboptimal, with one- ing (NMT) programs, which address both neuthird of athletes failing to return to play (RTP) [1] romuscular performance factors such as strength
and a high second ACL injury rate, particularly in and power as well as support the optimization of
young active athletes (20–30%) [2, 3]. Furthermore, movement quality prior to RTP, is important and
the clinician should be aware about the long-term recommended after ACLR to improve player
consequences. The catabolic knee environment, outcomes [13].
Basketball is a complex sport, with very tall
additional joint damage, and dysfunctional loading are potential factors that could contribute to the and athletic players who are exposed to movevery high rate of post-traumatic osteoarthritis after ments which highly challenge the movement sysACL reconstruction (ACLR) [4]. Even if conser- tem. A recent systematic review does not
vative treatment is a possible option for patients demonstrate a preventative effect of NMT on priparticipating in jumping, cutting, and pivoting mary ACL injury in basketball [14], which is in
sports like basketball, ACLR is the most common contrast to other team sports [15]. It is likely that
(and recommended) choice, thus this chapter will basketball players require more specialized NMT
programs which effectively prepare them for the
target athletes after ACLR.
Reducing the high secondary ACL injury risk high demands of the sport. Most rehabilitation
after ACLR is a key priority within the sports programs fail to fully restore movement quality
medicine field. Optimization of rehabilitation prior to RTS. This is in part likely due to insuffiafter ACLR is essential to achieve this. RTP cient volume of and lower intensities of moverates and second ACL injury risk can be ment practice during the rehabilitation phases, as
improved through targeting specific modifiable well as a lack of sport specificity in the final
stages prior to RTP [16–18].
We believe that an increased focus on moveF. Della Villa (*) · S. Della Villa · M. Buckthorpe
ment
restoration during the rehabilitation process
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after ACLR can support better player outcomes
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upon RTP. Movement is complex and influenced
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by an array of neuromuscular, biomechanical,
sensorimotor, and neurocognitive factors [19, 20].
In restoring movement quality, it is recommended
to have a systematic approach involving (1)
addressing the neuromuscular and biomechanical
factors, which affect movement quality and motor
learning, (2) including a progressive movement
retraining approach to re-learn an array of functional tasks optimizing movement quality as previously described and (3) performing the final
aspect of rehabilitation and movement training
on-parquet, in realistic environments progressively simulating the sporting movement demands
and environmental interactions [16, 17, 21]. This
complete approach should address the biomechanical factors affecting movement quality, as
well as ensure sufficient motor learning employing motor learning principles. The goal is to support RTP, at lower risk of reinjury.
This chapter will share a biomechanical perspective on ACL injuries applied to basketball. It
will focus on late stages of rehabilitation after
ACLR, when biomechanical/movement quality
factors can be more important. We will discuss
the balance between RTP and second ACL injury
risk, followed by the biomechanics of ACL injuries. Then we discuss stage 2 and 3 of our movement retraining approach (late-stage rehabilitation
program) considering the movement pattern
assessment and restoration (stage 2, non-sport-
specific) and on-parquet movement program
(stage 3).

57.2

 eturn to Play and Second
R
ACL Injury: A Delicate
Balance

When dealing with serious knee injuries, such as
ACL tears, honest evidence-based counseling to
the athlete is a very important topic and should
not be overlooked. Regarding the outcomes following ACLR, two primary outcomes should be
pursued, and the athlete should be aware about
the critical relationship that exists between them.
On one side there is a complete and successful
RTP, which is not easy to achieve, and many athletes, even at the professional level, fail to restore

their complete athletic profile [22]. This outcome
is more correlated to performance and should be
considered a main objective of the athlete. When
dealing with high-level athletes, RTP is generally
the primary goal.
Prevention of secondary ACL injuries after
ACLR is the other primary focus of any rehabilitation, given the high rate of reinjuries reported in
young athletes upon RTP (21–35% ACL reinjury
rates) and the devastating outcomes of a second
ACL injury. Biomechanical and neuromuscular
factors are thought to be important in determining player reinjury risk.
When designing a customized treatment program for a basketball player after ACLR, the
sports medicine team should integrate elements
of primary ACL injury prevention within the RTP
strategies. The effectiveness of this approach in
reducing second ACL injuries has been demonstrated in a small-scale study [13] but will also
depend on if the athlete returns to play or not as
exposure is a necessary condition for traumatic
reinjury.

Fact Box 1

The main goal of a targeted NMT program
after ACLR is the reduction of the second
ACL injury rate through the modification
of biomechanical factors.

In the authors’ vision, RTP is as important as
preventing second ACL injuries and the clinical
approach should always be customized to an athlete’s goals and perceptions.

57.3

 iomechanics of ACL Injuries
B
in the Basketball Player

In order to know which factors should be targeted
in prevention and treatment, a thorough understanding of injury mechanism is warranted.
Krosshaug and colleagues studied 39 cases of
ACL injuries in basketball players [23]. In most
cases, ACL injuries happened while attacking
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Fig. 57.1 Landing mechanism of ACL injury in a male
basketball player. (a) Player to player contact put the
injured athlete out of balance. (b) At initial contact with
the ground, the player shows leg dominance and quadri-

ceps dominance. (c) At estimated injury frame, a knee valgus loading (ligament dominance) can be clearly seen.
The trunk is also displaced (trunk dominance). (d) The
player out of balance falls on the parquet

and with the injured player in ball possession.
The most common case scenario was landing
after jump (Fig. 57.1) [23]. In the authors’ experience another common mechanism of ACL
injury in basketball is cutting while in ball possession, often triggered by an indirect contact
with an opponent (Fig. 57.2). Most of the

injuries in Krosshaug et al.’s study were noncontact in nature (72%), in many cases a playerto-player interaction (including indirect contact)
was described and may have played an important role in the ACL injury (Fig. 57.1) [23].
Biomechanically, ACL injuries in basketball tend
to happen with consistent inter-segmental body
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a
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Fig. 57.2 Cutting mechanism of ACL injury in a male
basketball player. (a) While in ball possession the player
is perturbated by opponents. (b) At initial contact with the
ground, the player shows leg dominance and trunk domi-

nance. (c) At estimated injury frame, an intra-rotated foot
and knee valgus loading (ligament dominance) can be
clearly seen. The trunk is also displaced (trunk dominance). (d) Loss of balance after ACL injury

positioning (Table 57.1). At knee level, shallow
knee flexion angles (commonly referred as quadriceps dominance) and knee valgus appearance (ligament dominance) are very common features of such
injuries and may also differ depending on gender,
with women showing a five times greater risk to display a knee valgus collapse mechanism [23].
Hewett and colleagues described the common movement asymmetries linked to primary
ACL injury (listed in Table 57.1), and for each

dysfunctional pattern, described the related neuromuscular training goals thought to address
ACL injury risk [7]. These same patterns and
treatment approaches should be applied to
reduce the risk of secondary ACL injury. In
developing our movement retraining approach
after ACLR, we considered the concepts from
Hewett et al. [7] and integrated a movement
retraining approach to update our existing ACL
functional recovery framework.

57 A Biomechanical Perspective on Rehabilitation of ACL Injuries in Basketball
Table 57.1 Underlying NM imbalances, observed movement patterns, and related NMT intervention to be applied
afterwards
Neuromuscular imbalances and specific intervention
for primary ACL injury prevention based on a
movement quality assessment
Observed
Primary
movement
during ACL prevention
Neuromuscular
intervention
injury
imbalance
Train for proper
Valgus
Excessive knee
technique
appearance
adduction on the
on the frontal Functional
frontal plane
strengthening of
(ligament dominance) plane
hip abductors
and ER
Frontal plane
feedback
technique
Plyometric
Early knee
Low knee flexion
training (easy to
angle at landing with flexion
advance) aiming
during load
stiff landing
to increase knee
acceptance
(quadriceps
flexion at
dominance)
landing
Lateral plane
feedback
technique
Promote soft
landing
All the body Train side to
Asymmetrical
landing with favored weight is on side symmetry
using also
one limb
lower limb (leg
quantitative
dominance)
feedback
techniques (e.g.,
vGFR graph)
Ipsilateral
Advanced core
Trunk and pelvic
trunk tilt
stability and
imbalances (tilts)
functional
with inability to
corecontrol the center of
strengthening
mass (trunk
program
dominance)
Modified from Hewett et al. [7]

Fact Box 2

The comprehension of the sport-specific
ACL injury causation is the first step
toward a better treatment strategy after
ACLR.

57.4
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Adopting a Biomechanical
and Movement Restoration
Approach After ACLR

Considering that biomechanical impairments often
present at the time of primary ACL injuries, it is
evident that neuromuscular function should be
properly optimized after ACLR. The approach to
the basketball player after ACLR must consider
some key aspects of recovery following sports injuries. The protocol should be personalized to the athlete’s needs, progressive in using optimal loading
strategies, and supervised by a rehabilitation team,
but moreover focused on the neuromuscular function. A careful integration of rehabilitation and conditioning concepts should be considered and applied
every day following ACL injuries. The program
should adopt a systematic approach and progress
from an isolated neuromuscular training (focusing
largely on addressing muscle strength imbalances)
to targeted neuromuscular training (focused more
on functional neuromuscular training and motor re-
patterning) to sport-specific retraining. To achieve
we adopt an approach focused on targeted NMT,
based on an identified movement profile of the athlete, followed by a structured on-parquet rehabilitation program prior to RTS.
It is crucial to understand when an athlete can
effectively begin the targeted NMT program.
During the targeted NMT program and subsequent
on-parquet programs, there is a gradual increase in
both task loading (e.g., peak ground reaction forces
during each task, rate of loading, as well as volume
of tasks performed) and complexity. It is important
to have specific criteria in place to ensure that the
athlete is prepared to tolerate the higher loading
demands of the program. This should include
understanding if they have restored sufficient neuromuscular and movement capacity to be able to
tolerate and benefit from the potentially dangerous
tasks. To enter the targeted NMT program, we recommend the player have achieved the following:
1. A limb symmetry index >80% on an isokinetic
test for knee extensor and flexor strength.
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2. Good movement quality (good control of the
movement with no presence of excessive
dynamic knee valgus, altered motor strategy
or trunk and pelvis deviations) [16] during a
single leg squat task (60° knee flexion).
3. The ability to jog on a treadmill for at least
10 min at 8 km h−1 with good running gait.

tially contributing to higher second ACL injury
risk.
The impairments to be discussed, have two
main causes, the first being muscle strength deficits. Knee spanning muscles (especially the
quadriceps) and non-knee spanning muscles
(especially the posterolateral hip muscles) often
show clinically relevant strength deficits at the
Failure to develop the load tolerance (often time of RTP [16, 27]. Secondly, movement patreferred to as the joints envelope of function, or terns are developed over the course of an athlete’s
the joint range of function that the joint can toler- sporting career sometimes as a result of sports
ate without aggravation [24, 25]) prior to com- specialization and performance. In the authors
mencing the program may result in exposing the experience, movement patterns are as important
athlete to tasks which they are not prepared for. In as muscle strength, as in isolation neither can
our experience, it is a clinical mistake to com- fully explain the complex dynamic control of the
mence this targeted NMT program (e.g., late- lower limb during jumping and cutting tasks.
stage rehabilitation program [16]), with a strength
Assessment of athletes’ movement quality
deficit greater than 20% [16, 26]. When the player during the performance of sporting type tasks
has met the criteria, a qualitative movement evalu- (e.g., running, jumping, landing, and cutting) can
ation should ideally be performed to assess spe- reveal various deficits important for a basketball
cific impairments during high load movements, player after ACLR:
such as landing, jumping, and cutting.
• Deficit(s) in coronal/transverse plane dynamic
knee stability.
• Deficit(s) in core control (pelvis drops or hikes
Fact Box 3
and trunk tilts).
Certain criteria should be met before start• Deficit(s) in shock absorption (stiff landing or
ing a targeted NMT program.
altered strategy).
• Task-specific deficit(s) typical (but not limited
to) in basketball players
57.4.1 Common Movement Patterns
–– Internally rotated cutting pattern.

of the Basketball Player
Following ACL Injury

It is important to assess and quantify the athletes’
movement quality during an array of bilateral and
unilateral sport-type tasks as part of the ACL
rehabilitation process. Understanding the athletes’ movement profile can support the creation
of more targeted NMT programs to address individual movement asymmetries. Basketball players like many other athletes after ACLR display
various kinds of qualitative movement impairments, of which are also in many cases associated
with increased ACL injury risk. The movement
impairments the clinician should be aware of
refer to risk factors for dysfunctional joint loading, increasing the stress on the ACL and poten-

57.4.1.1 Deficit(s) in Coronal/
Transverse and Frontal Plane
Dynamic Knee Stability
A common (and important) dysfunctional movement pattern, which is often addressed in research
and clinical practice, is the appearance of
dynamic knee valgus. Greater angles of dynamic
knee valgus during jumping is known to be associated with increased tension on the ACL, as well
as prospectively with increased secondary ACL
injury risk [9, 12]. Dynamic knee valgus is the
result of a combination of hip/femoral and knee/
tibial kinematics (Fig. 57.3). The complex interactions of dynamic factors have been recently
demonstrated to stretch or tension primarily the

57 A Biomechanical Perspective on Rehabilitation of ACL Injuries in Basketball

Fig. 57.3 Dynamic knee valgus loading at drop vertical
jump in a young basketball player following ACL reconstruction. The external appearance of the overlay of the
ground reaction force vector is indicative of dynamic knee
valgus loading. The patient is also shifting toward the
uninjured side. Ligament and leg dominance

ACL (instead of the MCL) [28]. Addressing a
dysfunctional movement pattern with excessive
dynamic knee valgus requires both the correction
of the biomechanical factors (e.g., altered muscle
strength balance and arthrokinetic dysfunction)
and focused work on reestablishing an optimal
motor pattern, through use of motor re-learning
principles. Having a correct neurophysiological
progression, utilizing exercises with frontal plane
biofeedback, is strongly recommended, in conjunction with a corrective functional strengthening program (with strong focus on the hip
abductors and external rotators). Typically in our
experience (unpublished findings), and this is
true for all the deficits, a program of minimum
10–12 sessions should be initiated.

57.4.1.2 D
 eficit(s) in Core Control
(Pelvis Drops or Hip Hikes
and Trunk Tilt)
Alterations in lumbo-pelvic-hip stability are
associated with increased risk of sustaining a
noncontact knee injury, such as an ACL tear [29].
It is accepted that ipsilateral trunk tilt should be
avoided during single leg tasks to reduce knee
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Fig. 57.4 Ipsilateral trunk tilt during lateral shuffle task.
The patient cannot stabilize the trunk and pelvis and show
a core dysfunction, while maintaining the dynamic limb
stability

abduction moment, a potential factor in ACL
injuries [30]. Ipsilateral trunk tilt may be seen in
single leg tasks (such as cutting or lateral shuffle)
(Fig. 57.4). The goal of treatment is dynamic stabilization of the trunk, with a program of
advanced core stability, starting with non-weight-
bearing exercises and progressively moving to
more functional/sport-specific exercises, always
challenging the patient to maintain the trunk stability in the frontal plane.

57.4.1.3 D
 eficit(s) in Shock Absorption
(Stiff Landing or Altered
Strategy)
Another concept biomechanically is that stiff
and loud landings or decelerations, with a small
knee flexion angle, are associated with ACL
injury risk [7, 10]. A reduced knee flexion angle
is correlated to an increase in peak vertical
ground reaction force (pvGRF) (Fig. 57.5).
Athletes should be encouraged and taught to
dissipate forces through eccentric m
uscle
action, rather than through the knee joint, after
ACLR.
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57.4.1.4 Task-Specific Deficit(s) Typical
(But Not Limited to)
in Basketball Players
There are some task-specific considerations that
should be done on the movement evaluation. We
will use the example of the side-stepping technique in association to likelihood of high external
knee joint loading. The optimal technique
adopted during a change of direction task (at various degrees 45°, 60°, 90°) is typically debated,
with a specific conflict between movement performance and injury risk [32]. Following ACLR
(and also in screening setting), an “internally
rotated cutting pattern” may be present
(Fig. 57.6). In our experience, this pattern (when
evaluated with 2D video) is associated with the
following:
1. Internally rotated foot progression angle.
2. Internally rotated hip appearance.

Fig. 57.5 Stiff landing at drop vertical jump in a basketball player following primary ACL reconstruction. The
high vertical ground reaction force results from the
scarcely flexed pattern (both at knee, hip, and trunk level)

When a stiff landing is noted following ACLR,
especially if the deficit is observed in single leg
tasks, the clinician should check quadriceps muscle strength. A deficit in quadriceps strength is
often correlated to higher pvGRFs, along with
increased trunk flexion [31]. If a quadriceps
strength deficit is noted, the patient should follow
the adequate strengthening program before starting the targeted NMT, as stated above.
If the progression is correct and isolated
strength is not a major issue, the athlete should
start a plyometric training program (complemented where possible with biofeedback techniques) to increase the knee flexion angles, while
obtaining soft landings. Feedback with pvGFR
graph may help in the process.

Fig. 57.6 Example of internally rotated cutting pattern,
with dynamic knee valgus loading at a 90° sidestepping
cut in a young basketball player following ACLR
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3. Dynamic valgus appearance of the knee (knee
falling medially).
4. Contralateral pelvic drop.
5. Variable trunk position.
6. Generally reduced knee flexion angles.
This internally rotated cutting pattern
(Fig. 57.6) is potentially associated with high
knee abduction moments (KAM). An internally
rotated foot and hip angle are considered predictors of KAM during cutting [33] as well as the
knee abduction angle, observed at initial ground
contact [34]. As discussed above, an ipsilateral
trunk tilt (trunk moving away from intended cut
direction) may also increase the KAM and should
be avoided [34]. A wide distance between the
plant foot and midline pelvis may also increase
the external knee load [34, 35]. A laterally planted
foot is required to generate medial GRFs and to
facilitate the change of direction, but this technique also increases the KAM, highlighting again
the potential conflict between movement performance (this movement may aid faster change of
direction speeds) and elevated risk of injury (this
movement pattern is associated with elevated
ACL injury risk).
Considering the evidence, Dempsey et al. recommended a cutting technique to reduce the
KAM which is based on (1) a close placement of
the stance foot relative to the coronal plane midline of the pelvis, (2) a neutral foot alignment, (3)
upright torso posture, and (4) torso facing the
direction of travel [35]. Dempsey et al.’s recommendation is in line with our practice that is
based on a large volume of clinical activity.
It is important to understand which movement impairments may negatively affect knee
loading during sporting tasks and address these
as part of the RTP process, adopting a motor
learning framework, based on neurophysiological considerations. It is well established that the
learning of a new motor sequence follows different stages (cognitive, associative, automatic)
[36]. Practically, we recommend the application
of feedback techniques (such as instantaneous
and delayed visual feedback on the frontal and
sagittal plane) to increase athlete awareness of
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body position during an array of sporting type
tasks to optimize the motor re-learning process.
Once an athlete has achieved good movement
quality (defined as the ability to control the limbs
and achieve sufficient balance and kinematic
alignment during functional activities, not displaying movement asymmetries or risk factors
linked to ACL injury) during sporting type tasks
(e.g., running, jumping, landing, and cutting),
they should progress to sport-specific movement
retraining with the intention to prepare for an
optimal and safe return to the team environment
at lower risk of reinjury.

Fact Box 4

A combination of corrective biomechanics
and motor leaning interventions should be
used to optimize movement quality following ACLR.

57.5

Integrating Qualitative
Movement Patterns
on Court: On Parquet
Rehabilitation

On-parquet rehabilitation is a key aspect of the
RTP continuum. Buckthorpe et al. [18] proposed
a model of RTS that provides a detailed transition
from rehabilitation to performance. Key progressions of the model include (1) on-parquet rehabilitation, (2) return to training, (3) return to
competitive match play, and (4) return to performance. Conceptually, on-parquet rehabilitation
constitutes four pillars (1) restoring movement
quality, (2) physical conditioning, (3) restoring
sport-specific skills, and (4) progressively developing chronic training load, to comprehensively
cover the needs of a basketball player in during
the progression back to on-parquet activities
[17]. The on-parquet rehabilitation program
should effectively bridge the gap between the
controlled movements performed in the “clinic”
and the required sport-specific movements
required for RTP.
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57.5.1 Key Considerations
for On-Parquet Motor Skill
Re-training: Bridging the Gap
in Movement Performance
Between the Clinic
and the On-Parquet
Performance
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57.5.1.1 Movement Intensity
A key goal of on-parquet rehabilitation is to progressively bridge the gap in movement intensity
between the clinic and basketball practice/match
play. Basketball involves high-intensity actions,
with many accelerations, decelerations, jumps,
and change of directions, all done at rapid intensity. Progressively arriving at “maximal intensity”
The need to restore movement quality after movements is important for injury prevention,
ACLR is nothing new. However, it must be noted neuromuscular conditioning, and optimal motor
that current practices in ACLR rehabilitation typ- learning during on-parquet rehabilitation. It is
ically fail to adequately restore movement qual- known that knee loading increases as approach
ity, given the residual movement impairments velocity increases during change of direction
identified at the time of RTS in many athletes tasks [37]. Furthermore, with increases in move[11]. Of particular relevance is the lack of sport- ment intensity, there is higher challenge on the
specific training prior to RTP seen in many reha- neuromuscular system, with increased muscle
bilitation programs, which likely results in an work as movement intensity increases. Thus it is
athlete been under-prepared for the demands of important to progressively increase the movethe sport. As discussed, the final aspect of a ment/task speeds during the on-parquet program.
movement-based retraining approach after ACLR It is essential to arrive at maximal movement
should consider sport-specific movement on- intensity, prior to return to the team.
parquet. There are many factors, which are different between the typical “in-clinic”-based 57.5.1.2 Movement Specificity/
Complexity
movement retraining and the demands of sport,
which may limit the success of traditional move- Throughout the rehabilitation program, there is a
progressive increase in tasks’ difficulty in order
ment quality retraining approaches.
As described, qualitative movement retraining to train sport-specific patterns gradually chalstarts before on-parquet rehabilitation, to serve as lenging movement quality (e.g., maintain low-
a foundation for the development of optimal risk knee positioning) and increasing movement
movement quality during moderate and high load variability. With regard to ACL injuries, we
movement tasks in a controlled environment. know from previous research that both neuroAlthough this movement training is important physiological (distractions) as well as mechaniand undoubtedly better prepares an athlete for cal (indirect body contact) perturbations [38–40]
movement retraining on-parquet, the challenge is play an important role in injury mechanism. So,
transferring learned skills within the clinic to there is a need to progressively increase the
realistic basketball scenarios on-parquet. It is specificity and complexity of movement.
essential to effectively prepare a player for the Reactive movements are associated with worse
demands of sport, by bridging the gap between knee biomechanics and higher knee loads than
sporting type movements undertaken during the planned movements [41] As such, we propose a
targeted NMT and sport-specific movements gradual progression from planned to reactive
(e.g., reactive change of direction with the ball to movements [21]. We also recommend a gradual
beat a player to the basket). The main differences increase in the number of options presented to
between the targeted NMT program movements players during movement and sport-specific
and actual movements during basketball training tasks to challenge decision-making capacity and
and match play relate to intensity and specific the required neurocognition (e.g., “brain trainloading parameters, specificity of movement pat- ing”). Finally, this should include a gradual
increase in player contact and number of players,
terns, and movement volume.
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once the athlete can commence more basketballspecific retraining, to prepare for the contact
demands of basketball participation.

57.5.1.3 Movement Volume
It is known in other sports that exposing an athlete
to workload demands that they are not prepared
for increases in their risk of injury. Blanch and
Gabbett [42], as well as Buckthorpe [16], recommend progressively developing an athlete’s
chronic training load prior to RTS to reduce a
jump in workload demands upon RTS. Gradually
building chronic load involves the final periods of
on-parquet rehabilitation replicating the workload
demands of training allowing for progressive
development of chronic training loads to ensure
better preparedness for RTS with the team.

Fact Box 5

The functional recovery of a basketball
player following ACLR ends with a program of on-parquet rehabilitation.
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57.5.2 Utilizing a Five-Stage
on-Parquet Rehabilitation
Program to Prepared Players
for Return to Team Training
Buckthorpe et al. [17, 21] described on-field rehabilitation for soccer players involving five stages
of increasing intensity, complexity, and sportspecificity. These five stages however also have
strong relevance for basketball-specific retraining
to prepare for RTS and the context of motor pattern retraining. An overview of the program, specific criteria for progressions and aims and content
in each stage can be seen in Table 57.2.

57.6

Conclusion

RTP following ACLR in basketball players may
be challenging. Detailed attention to the biomechanical factors potentially correlated to the second ACL injury risk is warranted. As such, the
focus of the rehabilitation of the basketball
player should be predominantly on restoring

Table 57.2 Five stages of on-parquet rehabilitation with the overall focus for each stage, the type of activity, and specific examples of content

Specific
entry
criteria

The on-parquet rehabilitation program
Stage 1
Stage 2
No pain or
No pain or
swelling
swelling
Satisfactory
No subjective
progression
instability
through Stage 1
No positive
on-parquet activity
laxity tests
Symmetrical
RoM
Knee flexor and
extensor
LSI > 80%
Ability to run at
8 km h−1 for
10 min with
sufficiently
normalized
running
mechanics
Sufficient
movement
quality during
foundation
movements

Stage 3
No pain or
swelling
Knee flexor and
extensor
LSI > 90%
Optimal movement
quality pre-planned
sport-type tasks

Stage 4
No pain or swelling
Satisfactory
progression through
Stage 3 on-parquet
activity

Stage 5
No pain or swelling
Satisfactory
progression through
Stage 4 on-parquet
activity

(continued)

F. Della Villa et al.

734
Table 57.2 (continued)
The on-parquet rehabilitation program
Stage 1
Stage 2
Multidirectional
Linear
movement training
movement
training

Stage 3
Basketball
technical and
reactive movement
training
Maximum speed
On-parquet Linear running Increased speeds
pre-planned linear
of movements
movement (forward and
and
from Stage 1
lateral)
exercises
multidirectional
Multidirectional
Foundation
movement drills
movement tasks pre-planned
(e.g., squatting, coordination drills (change of
(e.g., cutting drills direction drills,
lunging, and
peak running speed
athletic walks) at increasing
exposure, ladder
angles/bended
Deceleration
drills)
running drills/
tasks in
Reactive
figure of eight
pre-planned
drills/accelerations/ movement
situations of
retraining—high
decelerations)
differing
speed
velocities
multidirectional
Mobility drills
pre-planned speed,
acceleration, and
deceleration
training (closed
tasks) and
movement practice
under external
focus with
technical based
drills

Goal of
stage

Stage 4
Basketball-specific
movement and skill
restoration

Stage 5
Training
simulation/
re-conditioning

Continued
pre-planned and
reactive movement
training—high speed
multidirectional
pre-planned and
reactive movements;
movement in
basketball-specific
situations; closed
basketball-specific
fitness drills (e.g.,
Stage 3 basketball
movement drills for
conditioning),
repeated sprint
running;
Reactive movement
training with
perturbations (e.g.,
ropes, swiss ball,
agility circuit with
ropes, swiss balls,
player contact).
Technical drills with
pressure, contact to
force the player
off-balance

Basketball-specific
movement
training—
Basketball-specific
plus speed and
agility training in
pre-planned and
reactive tasks with
and without fatigue

Modified from Buckthorpe et al. [21]
RoM range of motion, LSI limb symmetry index

neuromuscular function. A targeted NMT program should be carried out with a personalization based on a sporting-type movement
evaluation, and the functional recovery path
should be completed with an on-parquet rehabilitation program.
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Rehabilitation of Foot and Ankle
Injuries in Basketball Players
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58.1

Epidemiology of Foot
and Ankle Injury
in Basketball

The foot and ankle is the most commonly injured
body region in high school and collegiate basketball players [1–4] (Fact Box 1), comprising
20–40% of all reported injuries [3, 4]. Further, the
foot and ankle is the most commonly injured body
region during game play in the National Basketball
Association (NBA) and Women’s National
Basketball Association (WNBA) [5]. Despite the
frequency of injury to the foot and ankle, surgery is
more frequent in other body regions [4], making
the rehabilitation professional a particularly important part of the health-care team in this body region.

Lateral ankle sprains are the most common
foot and ankle injury sustained by basketball
players [5], comprising 14% of injuries in the
NBA/WNBA [5]. Foot fractures, tendon rupture,
and syndesmotic sprain are much less common
than lateral ankle sprains, but present a significant
challenge to successfully returning to play. This
chapter is an overview of general rehabilitation
considerations for the basketball player with more
specific information on the treatment and return to
play considerations after ligament sprain (lateral
and syndesmotic sprains), foot fracture, and
Achilles tendon rupture (Fig. 58.1).

Lateral Ankle Sprain
- Anterior drawer
- Talar tilt in 20 degrees plantar flexion

Fact Box 1

Syndesmotic “High” Ankle Sprain
- External rotation stress test
- Talar tilt in 0 degrees plantar flexion

The foot and ankle is the most commonly
injured body region in high school and collegiate basketball players.

Jones Fracture
- Pain to palpation of 5th metatarsal base
- Difficulty walking
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Achilles Tendon Rupture
- Matles sign
- Palpable gap of tendon

Fig. 58.1 Problematic foot and ankle injuries in basketball players with pain location (red) along with common
special tests and clinical signs
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58.2

General Rehabilitation
Considerations

There are a few general considerations when
approaching rehabilitation of the athlete with
foot and ankle injury (Fact Box 2). In the early
phase post-injury, the immediate concerns are to
appropriately protect the tissue, manage inflammation, maintain range of motion, and normalize
gait using assistive devices (orthopedic boots,
bracing, crutches, etc.) with altered weight-
bearing as needed. Even when a player is immobilized, it may be possible to slow deconditioning
by strategic conditioning of unaffected structures.
For example, in the context of a lateral ankle
sprain, it is still possible to strengthen the foot
a

c

intrinsics and perform isometric strengthening of
the ankle stabilizers with the foot and ankle in a
neutral position to avoid placing undue stress on
the healing ligament. Throughout all phases of
recovery, strengthening should include both the
foot intrinsics (Fig. 58.2) as well as the lower leg
musculature (Fig. 58.3).

Fact Box 2

Rehabilitation should initially emphasize
protection and off-loading of the injured
structure, followed by progressively loading
the structure and then returning the player to
basketball-specific drills and activity.
b

d

Fig. 58.2 Example of foot intrinsic muscle strengthening
progression. (a) Relaxed foot, (b) foot with raised arch
during “short foot” or “doming” exercise. Black dots
mark the first metatarsal head, navicular, and medial malleolus. Note the raised position of the navicular in (b).

e

(c–e) Progression of doming exercise from bilateral standing (c) to unilateral standing with internal perturbation
with opposite foot on ball (d) to unilateral standing with
large internal perturbation of the trunk as the patient
touches the ball to the ground and returns to standing (e)
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Fig. 58.3 Example of
ankle eversion
(peroneal) strengthening
progression.
(a) Non-weight-bearing
ankle eversion with
elastic band resistance.
(b) Foot eversion against
band resistance during
side-stepping. (c) Foot
eversion against band
resistance during
side-stepping with a ball
toss task
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a

b

It is also important to educate the player in a
general cardiovascular and strength conditioning
program that can be performed while protecting
the healing tissue. The intention of this program
is to avoid general deconditioning and promote
the player’s psychosocial well-being so that the
player will limit risk of injury and avoid needing
to rebuild cardiovascular fitness when moving to

c

later phases of rehabilitation and return to play.
For cardiovascular fitness, stationary biking is
considered to place low loads on the foot and
ankle. There are many other options, though,
including body weight supported or pool-based
walking or jogging depending on the type and
severity of injury (and healing status of surgical
wounds in the case of pool-based programs).
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Even when a player is immobilized or non-
weight-bearing, strengthening of the hip, knee,
and trunk can generally be modified using weight
machines to condition unaffected structures
while maintaining healing precautions.
The player enters the middle phase of rehabilitation as inflammation subsides. This phase
emphasizes progressive loading, restoration of
muscle control, and optimization of movement
patterns and limb symmetry. Specific recommendations depend on the structures affected. For
example, in a player with a lateral ankle sprain,

J. A. Zellers and K. Grävare Silbernagel

strengthening may progress into inversion ranges.
Closed chain, balance and proprioception activities should also be included to assist the player in
integrating the neuromotor control needed to
return to sport participation. Players can progress
from bilateral to unilateral stances, from stable to
unstable surfaces, from uniplanar (e.g. forward/
backward running) to multiplanar (e.g. shuffling
on diagonals with direction changes) agilities,
and from low-velocity to high-velocity activity.
In the late phase, return to sport is gradually
progressed (Fig. 58.4). It is important to attend to

a

b

Fig. 58.4 Example agility and lateral jumping progression. (a) Progression of lateral agilities from uniplanar to
multiplanar emphasizing diagonal patterns with dribble.

(b) Progression of lateral jumping from bilateral to unilateral to bilateral with unstable surface landing to unstable
surface landing with a ball toss
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altered movement patterns that may predispose
the player to other injuries or reinjury if the foot
and ankle condition is not fully resolved (Fact
Box 3).
Specific, standardized return to play criteria
are lacking for the majority of foot and ankle
conditions common in basketball players.
Therefore, clinicians are often left to apply criteria developed for other orthopedic conditions
to the foot and ankle when clinically reasonable. Achieving 85–90% limb symmetry during strength and jumping tasks is a common
benchmark for return to play, and fluctuations
in pain and swelling can provide important
guidance for progression of sports-related
activity. Consideration for a player’s selfreported function (see Table 58.1 for validated
measures) and readiness to return to play are
also important considerations in return to play
decision-making [6].

Fact Box 3

Rates of reinjury are high in basketball players—rehabilitative professionals should pay
close attention to addressing biomechanical
factors and movement patterns that predispose a player to reinjury.

Table 58.1 Selected sport-related foot and ankle outcome measures
Outcome
Measure
Description
Performance measures
Player efficiency Rating in professional basketball
rating (PER)
that accounts for per-minute player
statistics (free throws, 3-pointers,
assists, etc.)
Wearable
Metrics including total running
technology
distance and running intensity [37]
Self-reported outcomes
Foot and Ankle Patient self-reported function
Outcome Score questionnaire, includes sports
function subscale
[38]
Foot and Ankle Patient self-reported function
Ability Measure questionnaire, includes sports
function subscale
[39]
Patient Specific Patient self-reported function
Functional Scale questionnaire, player can list and
rate sport-specific activities
[40]
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Problematic Injuries
and Specific Rehabilitation
Considerations

58.3.1 Lateral Ligament Sprain
Lateral ligament sprains are a common athletic
injury affecting around 40–70% of athletes [2, 3]. It
is the most common lower extremity injury in basketball players [7]. Ankle sprains are typically a
minor injury; however, 20% of people with history
of a lateral ankle sprain will go onto develop chronic
ankle instability [3, 4, 8]. Due to the rate of players
with residual symptoms and recurrent ankle sprains
[7, 9], it is important to adequately treat lateral ankle
sprains in an effort to decrease the risk of a player
developing chronic ankle instability [10, 11].
Ankle sprains occur more frequently during
game play than training, in offensive than defensive positions, and in women than men [7]. Most
commonly, the player lands on another players
foot, resulting in an inversion sprain [7]. Bracing
and proprioception training [12, 13] have both
been reported to decrease the risk of sustaining
an inversion sprain. Both bracing and taping have
been suggested for use as prophylaxis in players
with a history of ankle sprain, with bracing being
a more economic choice [14]. Bracing options
have been found to decrease ground reaction
force with cutting maneuvers more than taping
[15], but bracing has also been found to impair
performance with jumping and sprinting tasks
compared with taping [16].
Acute management of an ankle sprain follows
general inflammatory management guidelines
(rest, ice, compression, elevation) along with
bracing that allows movement while protecting
the healing ligament [17]. There are a few additional specific considerations. Maximizing
strength, proprioception, dorsiflexion range of
motion, cardiovascular endurance, balance, and
neuromuscular control—particularly of the peroneals—are critical rehabilitative targets [17, 18].
Injury or dysfunction of other structures are easily missed after lateral ankle sprain. Lisfranc
injury should be triaged, with characteristic
bruising on the plantar aspect of the midfoot.
Additionally, foot fracture, cuboid syndrome,
fibular dysfunction, and peroneal subluxation/
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tendinopathy [2] should be screened and addressed
as applicable during the course of treatment. With
consideration for severity of the sprain, strengthening progresses from isometric to isotonic resistive exercise. Biomechanical factors, particularly
limited dorsiflexion range of motion, that may
predispose the player to reinjury should be
addressed. Joint mobilization should be provided
as needed to ensure proper joint mobility [19]. As
a player progresses through the early stage of
rehabilitation, treatment shifts to weight-bearing
proprioception exercises. Return to play training
initially begins with straight-plane activities at
slower speeds to cutting and pivoting activity at
faster speeds [20, 21].
A recent systematic review by Tassignon et al.
highlights the lack of developed return to play criteria for athletes following lateral ankle sprain [18].
They identify that time-based criteria for return to
play based on grade of the sprain traditionally used
in the literature, but underscore the importance of
considering function/performance-based criteria to
inform the return to sport d ecision [18]. Given that
the predominant mechanism of injury in basketball
players is a contact injury that is unpredictable and
non-modifiable, there is particular concern for reinjury in this sport. Participating in a proprioception
training program and bracing may help to decrease
the risk of reinjury [22, 23].
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Acute syndesmotic sprains with diastasis or
concomitant fracture can indicate the need for
surgical management [24]; however, syndesmotic injury without fracture or diastasis can be
managed nonsurgically. Systematic review-level
evidence is available to inform surgical decision-making (screw versus dynamic fixation)
[25]; however, there is not randomized controlled trial evidence available to guide rehabilitation decision-making.
Rehabilitation follows a similar approach as
lateral ankle sprains; however, rehabilitation
tends to progress more slowly, avoiding dorsiflexion and eversion in early stages along with
more restrictive weight-bearing. The initial
phases of surgical and nonsurgical management
include modalities for pain relief and edema
management, and assistive device use to
encourage normalcy of gait. Immobilization
may be required for tissue protection in the initial stages of healing along with pain-free range
of motion utilizing caution with dorsiflexion
and eversion ranges. Depending on the severity
of the sprain, immobilization and protected
weight-bearing generally lasts 6–8 weeks [24]
and is discontinued when the patient is able to
walk and navigate stairs with minimal pain or
discomfort [26]. The focus of rehabilitation
begins with weaning assistive devices, strengthening in open kinetic chain positions, weightbearing proprioception exercises (such as
weight shifting), and stationary cycling for
58.3.2 Syndesmotic Sprain
range of motion and cardiovascular benefit.
Syndesmotic, or “high ankle,” sprains are less Rehabilitation then progresses to restoration of
common than lateral ankle sprains; however, they normal range of motion, strengthening in closed
are associated with longer recovery time. The chain positions, and more advanced propriotypical mechanism of injury is internal rotation ception exercises (such as single limb standing
of the leg with external rotation and hyperdorsi- activities and balancing on unstable surfaces).
flexion of the ankle and foot. The player will Functional testing, including jumping and hoptypically present with pain at the mortis extend- ping, can assist in guiding clinical decision-
ing proximally, with increased pain at end range making for when it is appropriate to initiate a
of dorsiflexion. Weight-bearing X-ray will show gradual return to sports [26]. Dribbling drills,
increased diastasis on the injured side, with a shooting balls, running, and cutting can be
diastasis of 6 mm between tibia and fibular 1 cm introduced in the final phases of rehabilitation,
proximal to plafond indicating syndesmotic with return to play occurring when the patient
injury [24]. It is important to note that non- is able to perform sport activities at speeds simweight-bearing and stress X-rays are likely to ilar to game play with minimal discomfort and
result in false negatives [24].
adequate movement quality [26].

58 Rehabilitation of Foot and Ankle Injuries in Basketball Players

58.3.3 Fractures
Foot fractures requiring surgical fixation are a
particular problem in basketball players. Singh
et al. reports that 61% of the foot fractures in the
professional American athletic leagues (NBA,
NFL, MLB, NHL) occurred in the NBA [27].
NBA players were also the only population to
sustain refracture requiring a second operation
[27]. Foot fractures tend to occur in younger
players, which may partially account for the relatively high rates of return to play and positive
performance observed in athletes post foot fracture compared to players recovering from other
types of orthopedic injury [28]. Foot fractures
most commonly occurs in the fifth metatarsal
(“Jones fractures”) in basketball players [27, 29].
In addition to being a common injury (Fig. 58.5),
this fracture tends to be managed with surgery
[30–32] due to concerns regarding blood supply
and non-union. Return to play rates in the NBA
range from 57 to 85% [29, 32] after Jones fracture. However, refracture is of concern in these
players with rates between 15 and 30% [27, 32,
33] reported in the NBA.
Fifth metatarsal factures are considered to have
an acute and chronic component. Typically there
is an acute event on top of a pre-existing bone
stress reaction [34], which may result in radiographic changes that occur well after symptom
Body Region of Bony Stress Injuries in National
Basketball Association 2005-2015
Knee/Patella
7%

5th metatarsal
stress fracture
18%
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onset [2]. Particularly considering the accumulation of stress over time, this injury is associated
with foot structural characteristics that increase
lateral loading of the foot such as varus foot [35]
and hindfoot [34] foot type.
Despite the risk of refracture, athletes returning to play after fifth metatarsal fracture have
been reported to perform well. A study by Begley
et al. [32] reported the majority of players returned
to sport with equal amounts of playing time as
uninjured controls. There were slight decreases in
points per game and assists per 36 min in the individuals returning to sport after Jones fracture.
Their findings suggest that pre-injury player efficiency rating was the strongest predictor of postinjury player efficiency rating [32].
Treatment begins with a period of non-weight-
bearing through progressively increasing weight-
bearing for the first 6 weeks post-injury [33]. It is
important that individuals who are managed nonoperatively be progressed and observed carefully,
given the high rates of failed treatment [36]. Both
operative and nonoperative treatment emphasizes
preventing or addressing deconditioning from
immobilization. The rehabilitation professional
should give special attention to identifying biomechanical factors that may be tied with high
loads on the lateral aspect of the foot (such as a
supinated foot type or use of an orthotic with a
medial wedge) as these factors may increase
refracture risk. Studies investigating management after Jones fracture have suggested using
radiographic evidence of union as a criterion to
return to play [33, 36]—with one of these studies
being performed in professional basketball players [33].

Tibia
17%

58.3.4 Achilles Tendon Rupture

Ankle/fibula
21%

Other foot injury
37%

Fig. 58.5 Body region of bony stress injuries (Data from
Khan et al. [29])

Participation in basketball is a common mechanism of injury in Achilles tendon rupture [41,
42]. In a study in the NBA, 39% of players were
unable to return to play after Achilles rupture,
and players who did return demonstrated
decreased performance based on PER [43]. Taken
together, this injury is concerning to both recreational and professional basketball players.
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While not as common as ankle sprains, Achilles
tendon rupture results in significant deficits in
plantar flexor structure and function [44, 45] with
corresponding deficits in running and jumping
performance [46–49] that persist into the long
term.
There is likely degeneration of the Achilles
tendon prior to rupture [50]; however, it is rarely
preceded with pain or discomfort in the tendon.
Achilles tendon rupture occurs with forceful
eccentric contraction of the plantar flexors such
as upon landing a jump or during a cutting
maneuver. Anecdotally, this injury is more common in the later portions of the game when the
player is fatigued.
Both surgical and nonsurgical management
can be used as initial treatment after this injury
[51]. There is growing evidence to support using
the distance between tendon ends imaged by
ultrasound to inform the decision of whether an
individual likely requires surgery to limit rerupture risk or risk of poor functional outcomes [52,
53]. With comparable, high-quality rehabilitation, rerupture risk is similar between individuals
managed surgically compared to nonsurgically
[51]. However, when rehabilitation is not standardized or similar, there is a lower rerupture risk
with surgical management [54].
Current literature aimed at optimizing rehabilitation after this injury is investigating timing
of rehabilitation onset and what that early intervention should entail as far as dosing of specific
interventions. The basic premise of rehabilitation
is to expose the tendon to progressively increasing loads to stimulate tendon repair and remodeling [55–57] while protecting the tendon from
high loads and avoiding tendon elongation [58–
61]. Initially, this is accomplished through progressive weight-bearing with some form of
immobilization in plantar flexion. Exercises generally begin with range of motion avoiding dorsiflexion and progress with the addition of plantar
flexor strengthening exercises. It is important to
remember that players can continue to engage in
safe forms of activity throughout the rehabilitation process to avoid substantial deconditioning.
Up to 80% of the general population is able to
return to some level of sporting activity after
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Achilles tendon rupture [62], though, this rate is
much less in elite athletes [43, 63]. On average,
return to play occurs around 6 months post-injury
[62], but it is important to realize that player performance at this time is substantially affected by
the injury. There are a variety of prognostic indicators of long-term function that are being further
investigated, including non-modifiable patient
characteristics (i.e., age, BMI, sex) [64], distance
between tendon ends acutely after rupture [52]
and heel-rise height at 1-year post-injury [48].
Standardized return to play criteria are not yet
established in this patient population; however,
there are common themes across the literature.
Heel-rise performance seems to be a key indicator of plantar flexor function and has been used as
a return to play criterion [65, 66]. It has been suggested that a running progression can be initiated
once the player is able to perform five unilateral
heel rises at 90% of the available height on the
ruptured side [66]. It is important to note that an
individual may never recover heel-rise height
comparable to the uninjured side, so maximum
available height on the ruptured side should be
used to assess this criterion. If the player is unable
to meet this criterion by 16 weeks, a running progression can be initiated once the player is able to
raise at least 70% of bodyweight in a unilateral
heel-rise [66]. Tendon tissue requires at least 36 h
[67] to recover after heavy loading activities
(such as sprinting and jumping), so basketball
players may require additional rest periods
between practices or games, consisting of light to
moderate activity as they progress back to sport.

Take Home Message

Foot and ankle injury is extremely common
in basketball players; however, there are
limited diagnosis-specific rehabilitation
guidelines to support clinical decision-
making. Initial management of these conditions typically involves off-loading the
damaged structure for protection and then
progressively exposing the structure to
increasing loads. There are a lack of strict
return to play guidelines, so a combination
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Rehabilitation of Tendinopathy
in Basketball
Andrew L. Sprague, Patrick O’Rourke,
and Karin G. Silbernagel

59.1

Introduction

Tendinopathy is one of the most common overuse injuries in basketball players, with patellar
and Achilles tendinopathy occurring most frequently [1–3]. In athletic populations, these injuries typically result from excessive load (acute or
chronic) placed upon the tendon with inadequate
time for recovery [4, 5]. The primary symptoms
are pain and stiffness; however, the injury is also
accompanied by alterations in tendon structure,
tendon mechanical properties [6–8], and muscle-
tendon function [9, 10]. Tendinopathy poses a
unique challenge for rehabilitation since many
athletes can initially play through symptoms.
Therefore, they often wait to seek treatment until
symptoms become debilitating. A variety of non-
invasive treatment options are available for tendinopathy, but controlled tendon loading is
supported by the highest level of evidence [11,
12]. In this chapter we will describe key tendinopathy rehabilitation principles. Furthermore,
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we will describe how these principles are applied
to patellar and Achilles tendinopathy.

59.2

Diagnosis

Tendinopathy is a clinical diagnosis characterized by activity-provoked, localized tendon pain
and stiffness. In the initial stages of the injury,
athletes will complain of stiffness and/or pain
that appears after activity, then progress to pain at
the onset of activity that reduces following a
warm-up [13]. In the later stages, pain will be
present throughout activity and at rest, limiting
sports participation (Table 59.1) [13, 14].
Stiffness will be most pronounced in the morning
and after prolonged rest. In more superficial tendons, clinicians may be able to observe or palpate
focal thickening. Ultrasound imaging may be
Table 59.1 Classification system for the effect of pain
on athletic performance [14]
Level Description of pain
1
No pain
2
Pain only with extreme
exertion
3
Pain with extreme exertion
and 1–2 h afterwards
4
Pain during and after
vigorous activities
5
Pain during activity and
forcing termination
6
Pain during daily activities

© ESSKA 2020
L. Laver et al. (eds.), Basketball Sports Medicine and Science,
https://doi.org/10.1007/978-3-662-61070-1_59

Level of sports
performance
Normal
Normal
Normal or slightly
decreased
Somewhat
decreased
Markedly
decreased
Unable to perform
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Instructions: The patient begins in the standing position on a
25° decline surface. Instruct the patient to squat down, using
only the involved leg, to approximately 50° of knee flexion
while keeping the trunk as upright and erect as possible.
After returning to the start position, ask the patient to
rate their symptoms on numeric pain rating scale (NPRS)
(0 = No pain, 10 = Worst pain imaginable) and to identify their
symptom location.
Interpretation: Pain isolated to the patellar tendon suggests
patellar tendinopathy. Pain ratings during this test can be used
to monitor symptom severity throughout treatment.

Fig. 59.1 Single leg decline squat test for patellar tendinopathy [18]
Royal London Hospital Test
Instructions: Locate and palpate the most symptomatic region of the tendon.
Have the patient actively dorsiflex and plantarflex their foot while continuing
to palpate the same location.
Interpretation: The test is positive if the patient’s symptoms decrease when
dorsiflexed or plantarflexed. Indicative of Achilles tendinopathy.
Painful Arc Sign
Instructions: Palpate the tendon for the presence of focal thickening. If a
thickened nodule is present, ask the patient to actively dorsiflex and
plantarflex their foot while lightly palpating the nodule.
Interpretation: This test is positive if the nodule moves beneath the fingers
with plantarflexion and dorsiflexion. Indicative of Achilles tendinopathy.

Fig. 59.2 Royal London Hospital Test and painful arc sign for Achilles tendinopathy [20]

used to assist in the diagnosis of this condition
with findings of hypoechoic regions, tendon
thickening, loss of collagen fiber organization,
and potentially neovascularization [15, 16].
In patellar tendinopathy, pain is usually localized to the inferior pole of the patella, and the athlete will report that pain is provoked with jumping
and squatting activities [17]. In Achilles tendinopathy, pain most frequently occurs at the mid-substance of the tendon and is aggravated by running
and jumping [1]. However, it is important to be
aware that symptoms may present anywhere along
the length of the tendon or its insertion sites for
both injuries. The single-leg decline squat test, a
pain provocation test, may help confirm the diagnosis of patellar tendinopathy (Fig. 59.1) [18, 19].
Similarly, the Royal London Hospital Test and

painful arc sign can be used to confirm the presence
of Achilles tendinopathy (Fig. 59.2) [20–22].

59.3

Outcome Measures

Tendinopathies have a notoriously long recovery
time compared to other overuse injuries.
Therefore, it is important to utilize reliable outcome measures to track progress and readiness
to return to sport. The most commonly utilized
outcome measure for tendinopathy is pain, either
through self-report, palpation, or other pain
provocation tests. However, absence of pain
does not ensure full recovery of tendon health,
and impairments often persist after symptoms
have resolved [23]. So it is beneficial to utilize
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outcome measures that address additional
aspects of tendon injury. Recently, a consortium
of patients and health-care professionals released
a consensus statement identifying core outcome
domains for tendinopathy [24]. The core outcome domains were patient rating of overall condition, participation, pain on loading/activity,
function, psychological factors, physical function capacity, disability, quality of life, and pain
over a specified period of time. Furthermore, it is
important to monitor tendon structure and
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mechanical properties, when possible. A summary of suggested outcome measures for patellar and Achilles tendinopathy are presented in
Tables 59.2 and 59.3. In a clinical setting, it may
not be feasible to address each of these domains
for every athlete, so clinicians must use their
clinical judgment to determine the most pertinent measures. However, it is advisable to use
several measures from different domains to
ensure that the impact of the injury is being
accurately measured.

Table 59.2 Summary of selected outcome measures for patellar tendinopathy [76]
Outcome measure Concept/rationale
Patient reported outcome measures
Victorian Institute Assesses patientreported symptoms,
of Sport
function, and ability to
Assessment—
be physically active.
Patella (VISA-P)
Questionnaire [77]

Method

Eight-item
questionnaire. The score
ranges from 0 to 100,
with a higher score
indicating lesser
symptoms and higher
level of physical activity.
Four-item
Assesses patientOslo Sports
questionnaire. Scores
Trauma Research reported function or
range from 0 to 100,
sports performance
Centre (OSTRC)
limitation due to injury. with a higher score
Overuse injury
Questionnaire [80] May be adapted for any indicating greater
function or sports
region of the body.
limitation.

Pain
Five single-legged
squat test [82]

Single-leg decline
squat test [18]

The primary symptom
in patients with patellar
tendinopathy is pain at
the inferior pole of the
patella, which is
aggravated by jumping
or squatting. Therefore,
pain evaluation with
activity is a central part
of evaluation. Squatting
on a decline surface
increases loads through
the patellar tendon
when compared to
level ground [52].

Patients are asked to
perform five singlelegged squats in a row
and then rated pain on
the visual analog scale
(VAS).
The patient is
positioned in standing
on a 25° decline board
and instructed to
perform a single-leg
squat to 50° of knee
flexion. Additionally,
the patient is instructed
to keep their trunk as
upright as possible.
Pain during or after the
squat is rated on the
numeric pain rating
scale (NPRS).

Measurement properties
• Significant differences in scores between
healthy individuals and patients with
patellar tendinopathy [77].
• Test–rest reliability: intraclass correlation
coefficient (ICC) = 0.91–0.97 [78, 79].
• Minimal detectable change: 12.2 points
[78].
Patellar tendinopathy [81]
• Sensitivity: 79% (95% confidence interval
[CI]: 65–90%).
• Specificity: 98% (CI: 94–100%).
• Positive predictive value: 95% (CI:
83–99%).
• Negative predictive value: 92% (CI:
86–96%).
• Positive likelihood ratio (+LR): 48 (CI:
12–191).
• Negative likelihood ratio (−LR): 0.21
(95%: 0.12–0.37).
Not established.

• Test–retest reliability: Kappa = 1 [19].
• Ability to discriminate individuals with
patellar tendon abnormality on ultrasound
imaging: [19].
 – +LR: 4.2 (CI: 2.3–7.14)
 – −LR: 0.4 (0.3–0.6)

(continued)

A. L. Sprague et al.

752
Table 59.2 (continued)
Outcome measure
Structure
Thickness

Cross-sectional
area (CSA)

Concept/rationale

Method

Measurement properties

Patients with patellar
tendinopathy have
increased tendon
thickness and
cross-sectional area
compared to an
unaffected region or
side.

The patient is
positioned in supine
with the knee flexed
30° and supported by a
bolster. Three B-mode
ultrasound images are
taken 1 cm distal to the
inferior pole of the
patella, in the
longitudinal (long axis)
plane. The average
thickness at this
location is compared to
an unaffected region of
the tendon or the same
location on the opposite
side.
The patient is
positioned in supine
with the knee flexed
30° and supported by a
bolster. Three B-mode
ultrasound images are
taken 1 cm distal to the
inferior pole of the
patella, in the
transverse (short axis)
plane. The average
CSA at this location is
compared to an
unaffected region of the
tendon or the same
location on the opposite
side.

• Intra-rater reliability: ICC = 0.82–0.91
[83].
• Inter-rater reliability: ICC = 0.85 [83].

• Intra-rater reliability: ICC = 0.87–0.96
[84].
• Inter-rater reliability: ICC = 0.90–0.92
[84].

Table 59.3 Summary of selected outcome measures for Achilles tendinopathy [76]
Outcome measure
Concept/rationale
Patient reported outcome measures
Victorian Institute of Assesses patient-reported
Sport Assessment— clinical severity of Achilles
tendinopathy in two
Achilles (VISA-A)
domains: (1) pain/
questionnaire [85]
symptoms and (2) physical
activity.

Method
Eight-item questionnaire. Scores
range from 0 to 100, with 100
indicating no symptoms and full
participation in physical activity.

Measurement
properties
• Test–retest
reliability:
ICC = 0.93 in a
group of mixed
Achilles tendon
injuries [85].
• Minimally clinically
important
difference: 16
points [86, 87].
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Table 59.3 (continued)
Outcome measure
Concept/rationale
Impairment/endurance
Heel-Rise Test [88]
The heel-rise test is
commonly used to evaluate
calf muscle endurance in
patients with Achilles
tendinopathy.

Functional performance tests
Hopping [88]
Patients with Achilles
tendinopathy have been
found to have pain and
difficulty with jumping
activity.
Drop Counter-
Movement Jump [88]

Structure
Thickness

Cross-sectional area
(CSA)

Patients with Achilles
tendinopathy have
increased tendon thickness
and cross-sectional area
compared to an unaffected
region or side.

Method

Measurement
properties

The patient is positioned in single-leg • Test–retest
reliability:
stance on a 10° inclined surface with
ICC = 0.78–0.84
two finger tips from each hand placed
[89, 90].
on the wall for support. The patient is
instructed to raise up onto the ball of
their foot, as high as they can, as many
times as they can while keeping the
knee straight. Forward or lateral body
sway is discouraged. A metronome
can be used to ensure consistent
rhythm with a frequency of 30
repetitions per minute. The test is
terminated when the patient is no
longer able to continue or can no
longer maintain proper form. A
number of variations of the test have
been proposed, which may be more
suitable depending on equipment
availability.
• Test–retest
Standing on a single leg, patients are
reliability:
instructed to perform a continuous
ICC = 0.83–0.94
rhythmical jumping motion, similar to
[88].
jumping rope. Pain, contact, and flight
times are usually recorded.
The patient is positioned in single-leg • Test–retest
reliability:
stance on a box with the arms behind
ICC = 0.88–0.92
the back. They are instructed to drop
[88].
off the box and perform a maximal
vertical jump upon landing. Pain and
jump height are recorded.
The patient is positioned in prone with
their foot hanging off the table in a
relaxed position. Three B-mode
ultrasound images are taken at the
location of maximal thickening, in the
longitudinal (long axis) plane. The
average thickness at this location is
compared to an unaffected region of
the tendon or the same location on the
opposite side.
The patient is positioned in prone with
their foot hanging off the table in a
relaxed position. Three B-mode
ultrasound images are taken at the
location of maximal thickening, in the
transverse (short axis) plane. The
average CSA at this location is
compared to an unaffected region of
the tendon or the same location on the
opposite side.

• Intra-rater
reliability:
ICC = 0.98–0.99
[83].
• Inter-rater
reliability:
ICC = 0.98 [83].

• Intra-rater
reliability:
ICC = 0.89–0.97
[91].
• Inter-rater
reliability:
ICC = 0.84 [91].

A. L. Sprague et al.

754

59.4

 rinciples of Tendon Load
P
Management
and Rehabilitation

59.4.1 Mechanotherapy
In order to effectively utilize controlled tendon loading protocols, it is critical to understand the mechanism of action for this intervention. Loads placed
upon the tendon result in strain or a relative lengthening of the tendon. Tendons respond to strain through
a process called mechanotransduction, “whereby
cells convert physiological mechanical stimuli into
biochemical responses” [25]. In the context of tendons, loading triggers a cellular cascade, resulting in
collagen synthesis and tendon remodeling [25]. In
vitro and in vivo studies suggest that there is a dose–
response relationship between the magnitude of load
applied and the adaptive response [26–30]. Up to a
certain point, greater loads result in greater collagen
synthesis and remodeling. However, the optimal
amount of load remains unclear and loads that exceed
this threshold may be detrimental. The tendon’s
response also appears to be governed by the duration
of loading, with longer duration contractions resulting in greater improvements in tendon structure compared to shorter duration contractions [26, 31, 32]. In
summary, optimal loading parameters have not been
established, but tendons appear to respond more
favorably to higher loads at longer durations compared to shorter duration and lower loads. However,
there is likely an upper limit beyond which the load
can be detrimental to recovery.

59.4.2 Rehabilitation
Rehabilitation of tendinopathies generally consists of three phases: (1) symptom management
and load reduction, (2) controlled tendon loading,
and (3) return to sport. The athlete’s progression
through these phases is dependent on their symptom severity, response to treatment, and timing in
the competitive season. Although the rehabilitation process is broken into three distinct phases,
not all athletes will need to begin in phase 1.

Additionally, principles of prior phases may be
continued after they progress to the next phase.
Prior to discussing each phase in detail, it is
important to note that controlled tendon loading
can take two forms during the rehabilitation process: (1) therapeutic loading and (2) sport-
specific loading. Therapeutic loading, achieved
through strengthening exercises, is designed to
promote tendon remodeling. Sport-specific loading is designed to increase the tissue’s tolerance
to repetitive activities, such as running and jumping. Therapeutic loading is initiated as soon as
treatment begins and can generally be performed
daily. Sport-specific loading is initiated in the
later phases of treatment and will require careful
prescription of recovery days to prevent exacerbation of symptoms.

59.4.2.1 P
 hase 1: Symptom
Management and Load
Reduction
The aim of phase 1 is to reduce symptom severity, gradually initiate therapeutic tendon loading,
and curtail abusive training. When an athlete is
diagnosed with tendinopathy, the athlete is educated on the treatment plan for treating the condition, the timeline for recovery and the benefits of
managing loads related to exercise, practices, and
games. Load management is discussed with all
relevant parties including the player, coaches,
managers, team doctors, and training staff since
many considerations come into play in this
decision-making process. The player and team’s
short- and long-term success may rely on accurate and thorough information provided from the
medical staff.
For lower extremity tendinopathies, therapeutic tendon loading is typically initiated using
bilateral bodyweight resistance exercises, such as
heel raises or squatting. In highly symptomatic
patients, isometric exercises, constrained range of
motion, or partial bodyweight resistance may be
necessary to prevent excessive pain. Furthermore,
open-chain active range of motion movements
may be beneficial to increase blood flow to the
region and manage symptoms.
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To curtail abusive training, a thorough review
of the athlete’s training and competition schedule
is necessary, along with identification of provocative activities (Table 59.4). Sport-specific tendon
loads can be reduced by altering the frequency,
duration, intensity, or types of activities performed
outside of treatment. For example, reducing the
number of minutes played, limiting the athlete to
form shooting rather than jump shots, or providing
additional recovery days between practice or
games. A complete cessation of physical activity
may not be necessary. In athletes with Achilles
tendinopathy, continued activity, utilizing a painmonitoring model to guide activity intensity, was
found to not be detrimental to treatment outcomes
[33]. In brief, the pain-monitoring model allows
patients to continue their usual activity, as long as
symptoms do not exceed a 5/10 on the numeric
pain rating scale (NPRS) during or immediately
after activity (Fig. 59.3). Additionally, symptoms
Table 59.4 Considerations when reviewing training and
competition
Considerations when reviewing training and
competition
• Frequency and duration of training and competition.
• Type and intensity of training (e.g., strength training
and jump training).
• Recent changes in training and/or competition.
• Current phase of the competitive season.
• Recovery time between bouts of activity.
• Provocative activities.
• Pain levels (morning and prior to, during, and after
activity).

Fig. 59.3 Pain-
monitoring model [33]

should return to pre-activity levels by the following morning, and resting symptoms should not
increase from week to week. This approach has
been successfully used in the treatment of other
tendinopathies [34]. Endurance activities that minimally load the tendon may be utilized to maintain
physical conditioning, for example, swimming in
cases of patellar or Achilles tendinopathy.
However, the type of activity will be dependent on
the tendon that is injured.

59.4.2.2 P
 hase 2: Controlled Tendon
Loading
In phase 2, tendon loading activities are advanced
by transitioning to unilateral activities and incorporating external resistance. As symptoms
improve, exercises are progressed to full range of
motion and greater external loads. Often, isotonic
loading protocols have emphasized the eccentric
component of muscle contraction. However,
favorable clinical outcomes have been obtained
using isolated eccentric, isolated concentric, and
combined protocols for tendinopathy [35].
Furthermore, when the resistance is similar, tendons experience the same magnitude of load and
demonstrate similar increases in collagen synthesis and tendon hypertrophy, regardless of contraction type [36, 37].
Therapeutic tendon loading exercises need not
to be confined to the clinic or training room.
Many of the activities can be completed on the
court and incorporated with basketball activities.

Numeric Pain Rating Scale (NPRS)

Safe zone

0
No pain
1.
2.
3.
4.

High risk zone

Acceptable zone

2

5

10
Worst pain imaginable

The pain is allowed to reach 5 on the NPRS during the activity.
The pain after completion of the activity is allowed to reach 5 on the NPRS.
The pain the morning after the activity should not exceed a 5 on the NPRS.
Pain and stiffness is not allowed to increase from week to week.
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For example, squats or lunges to load the patellar Table 59.5 Classification of tendon loading activities
tendon, or heel raises for the Achilles tendon, can and suggested recovery days [43]
Classification of Activities
be performed while dribbling or completing
Light
Medium
High
passing drills. Since absence from sport due to
1–2
2–3
4–5
Pain
level
injury can negatively impact the psychological
during
and emotional health of athletes, use of on-the- activity,
court loading activities may be especially benefi- NPRS (0–10)
1–2
3–4
5–6
cial in patients that are unable to participate in Pain level
after
activity
team activities [38].

59.4.2.3 P
 hase 3: Return to Full Sports
Participation
Phase 3 focuses on a gradual introduction of plyometric activities, increasing tissue tolerance to
sport-specific loading, and a return to full sports
participation. During this phase, prior therapeutic
tendon loading activities are continued daily, or
the athlete is transitioned to heavier loading exercises, performed 3 days a week.
Plyometric activities should mimic the
demands placed upon the tendon during basketball participation. Therefore, in lower extremity
tendinopathies, jumping, sprinting, and directional changes should be included. The loads
placed upon the tendon during plyometric activities can substantially exceed those experienced
during isotonic loading exercises. For example,
patellar tendon and Achilles tendon forces can
reach 6.5- and 8-times bodyweight during running and 6.5- and 5-times bodyweight during
jumping, respectively [39–42]. Furthermore, the
tendon may require up to 72 h to fully recover
after high load activities. Thus, a key component
of the return-to-sport phase is ensuring the tendon has adequate rest between heavy bouts of
loading.
Unfortunately, there is a lack of specific
return-to-sport guidelines for most tendinopathies. However, a return-to-sport algorithm has
been developed for the Achilles tendon, which
can be adapted to other tendinopathies [43]. In
this algorithm, plyometrics are initiated when
pain with daily activities does not exceed 2/10 on
the NPRS. As with other tendon loading exercises, a graded approach is utilized, beginning
with submaximal effort. Training diaries are

(next day),
NPRS (0–10)
The athlete’s
RPE (with
regard to their
tendon)
(0–10) [46]
Recovery
days needed
between
activities
Examples of
activities for
patellar
tendinopathy
Examples of
activities for
Achilles
tendinopathy

0–1

2–4

5–10

0 (can be
performed
daily)

2

3

Free throw Stationary
shooting
jump shots
for 20 min
Straight
line
dribbling at
light effort
for 15 min

Half-court
scrimmage
for 20 min

Dribbling
and passing
drills with
directional
changes at
moderate
effort for
20 min

typically used to monitor the athlete’s response,
and intensity can be progressed by increasing the
speed or height of the movements as the tendon
adapts to the new demands [44, 45]. Recovery
days are prescribed based on the intensity of the
activity, which can be categorized by pain during
and after activity, and the athlete’s rating of perceived tendon exertion (Table 59.5). The Borg
CR10 is used to rate tendon exertion, which is an
11-point scale (0–10) where 0 indicates no exertion and 10 indicates maximal exertion [46].
Light intensity activities can be performed daily,
medium intensity activities require 2 days of
recovery, and high intensity activities require
3 days of recovery. It is preferable that plyometric activities are completed in a single session,
rather than back to back days at lower volumes.

59 Rehabilitation of Tendinopathy in Basketball

Once the athlete is competing and training at
pre-injury levels, it is important to recognize that
the tendon may not be fully recovered. Alterations
in tendon structure, mechanical properties, or
muscle-tendon function may persist for a year or
more, predisposing the athlete to reinjury [23,
34]. Therefore, it is critical that tendon loading
exercises are continued, and the athlete is monitored closely for recurrence of symptoms.

59.4.3 Selected Patellar Tendon
Loading Exercises
Several patellar tendon loading protocols have
been utilized in clinical treatment studies with
positive outcomes for patellar tendinopathy [34,
47–51]. However, there is insufficient evidence
to suggest that one protocol is superior to others.
The two most commonly utilized are the
Eccentric Decline Squat protocol, first described
by Purdam et al., and the Heavy Slow Resistance
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protocol, described by Kongsgaard et al. The
Eccentric Decline Squat protocol consists of
single-leg eccentric squats performed on a 25°
decline board. The rationale for using a decline
board rather than level ground is based on biomechanical studies demonstrating that a decline
board increases quadriceps muscle activity and
patellar tendon loads [52, 53]. The Heavy Slow
Resistance protocol consists of three isotonic
exercises, the leg press, squat and hack squat,
performed at relatively heavy loads and slow
speeds [34]. Although, the exercises differ in
each protocol, they share the common feature of
progressive tendon loading. Therefore, we advocate using an individualized approach, based on
the principles of tendon rehabilitation described
above, the presentation of the athlete, and your
clinical judgment.
To aid in designing an individualized patellar
tendon loading protocol, example exercises and
suggested phases for use are presented in
Table 59.6.

Table 59.6 Suggested exercises for loading the patellar and Achilles tendons
Patellar
tendon

• Wall sits
• Spanish squat
• Decline squat
• Isometric knee
extension
• Step-ups
• Bodyweight squat
• Lunge
• Leg press
• Weighted squat
• Isotonic knee
extension
• Leg press
• Weight squat

(continued)
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Table 59.6 (continued)
Achilles
tendon

• Isometric
plantarflexion
• Decline heel raise
• Bilateral heel raises
• Eccentric heel raises
• Unilateral heel raises
• Seated heel raises
• Rebounding heel raise
• Step-up with
plantarflexion

59.4.4 Other Considerations
for Rehabilitation of Patellar
Tendinopathy

Greater bodyweight has also been identified as a
risk factor for the injury [54]. Although higher
bodyweight typically reflects a more muscular
build in highly athletic populations, weight loss
While patellar tendon loading programs alone may need to be considered in athletes with poor
have proven effectiveness, they are not one-size- body composition.
fits-all and may need to be adapted to optimize
59.4.4.2 Landing Biomechanics
clinical outcomes.
Alterations in landing biomechanics are also
common and may need to be addressed during
59.4.4.1 Risk Factors
Deficits in ankle dorsiflexion range-of-motion, the return-to-sport phase of rehabilitation.
hip extension, external rotation and abduction Athletes with patellar tendinopathy typically utistrength, posterior thigh and quadriceps flexibil- lize a “stiff” landing pattern, with excessive hip
ity, and quadriceps activation have been identi- and knee flexion at initial contact [61]. As a result
fied as potential risk factors or impairments of this flexed position at touch down, their availassociated with patellar tendinopathy [54–60]. able range of motion to dissipate ground reaction
Therefore, these items may be of interest to forces is limited and consequently, peak patellar
address during the rehabilitation process. tendon forces and loading rates are increased.
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Furthermore, these athletes often demonstrate
knee valgus upon landing, increasing strain on
the medial portion of the tendon, which is the
most common site of pathology within the patellar tendon [62].

59.4.4.3 Alterations to Loading
Exercises
Compression of the tendon at the inferior pole of
the patella has been hypothesized as an aggravating factor, especially in end-range knee flexion
[63]. Although the primary mechanism of injury
is likely excessive strain, it may be beneficial to
avoid deep knee flexion if bony changes have
been observed on imaging [64].
59.4.4.4 Pain Relief
Isometric exercises have recently gained popularity as a tool to manage pain during the competitive season. Two versions of this approach have
been proposed, one utilized in a clinical setting
and one utilized when on the road (e.g., training
or locker room) [57, 65]. However, the results of
the original study have not been able to be replicated and more recent studies found no difference between isometric and isotonic exercises in
acute pain relief [66, 67]. Tendon loading may
assist in pain reduction, but it is unlikely that contraction type matters.
Noxious electrical stimulation may also be
used to manage symptoms when applied at the
site of pain.

59.4.5 Selected Achilles Tendon
Loading Exercises
For a long time, eccentric training was the primary treatment method for Achilles tendinopathy. In an article by Alfredson et al. in 1998, the
authors described an eccentric loading program
for the treatment of runners with tendon pain
[68]. Silbernagel et al. described a more comprehensive treatment protocol that includes progressions from double limb to single limb loading
exercises with inclusion of eccentric and concentric contractions in both standing and seated positions [33]. There is no longer a focus on solely
eccentric contractions as comprehensive loading
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programs that include isometric, concentric, and
eccentric contractions have been found to be
equally effective.
Tendon loading is typically initiated with
standing and seated heel raises. If symptoms are
highly irritable, it may be necessary to perform
these exercises on a level surface, as opposed to a
step or incline, or with less resistance. The athlete
is encouraged to perform gentle circulation exercises with ankle pumps throughout the day during team meetings and prolonged periods of
inactivity. Standing heel raises include bilateral,
unilateral, and eccentric varieties as this will
incorporate multiple types of contractions and
provide an opportunity for high volume of repetitions. This should be trialed and utilized during
training sessions and practices and games if the
specific athlete responds positively to such a
contraction.
As irritability decreases, repetitions of the
loading program may be progressed by performing the heel raises on an incline or off a step to
increase the range of motion required of the loading task. Quick rebounding heel raises may also
be added at this time to provide the tendon an
opportunity to respond to stresses at higher
speeds of loading and prepare for plyometric
exercises. If the athlete is responding well to the
increased demands within the guidelines set forth
by the pain-monitoring model, the athlete may
begin to incorporate heavier strength training and
may start increasing running and jumping activities. As the athlete enters Phase 3, return to sport,
it will be important to continue a maintenance
program with a focus on primarily single leg and
quick rebounding heel raises.
Examples of specific Achilles tendon loading
exercises are provided in Table 59.6.

59.4.6 Other Considerations
for Rehabilitation of Achilles
Tendinopathy
59.4.6.1 V
 ariations Based on Location
of Pathology
Interventions for Achilles tendinopathy have primarily been developed for mid-substance pathology; however, some athletes will present with
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insertional symptoms and management must be
adjusted as standard rehabilitation protocols may
aggravate symptoms and irritate the tendon insertion. When there is pathology near the insertion of
the tendon onto the calcaneus, dorsiflexion stretching and loading in dorsiflexion ranges should be
avoided [69, 70]. As the ankle moves into dorsiflexion, the posterior–superior surface of the calcaneus impinges against the deep side of the
tendon insertion [71, 72]. This location of impingement may actually contribute to the pathology,
which is more prevalent on the deep side of the
Achilles tendon. Heel lifts may have a role in
avoiding this impingement position and decrease
irritation of the tendon [73]. The avoidance of
uphill or incline running may be beneficial as well.
Based on imaging results, it may be found that
there is bursal or paraten don irritation in combination with the Achilles tendinopathy. In cases
with bursal involvement, the treatment is modified to limit dorsiflexion, as with insertional
symptoms, in an effort to reduce compression of
the bursa. If paratenon irritation is present, trialing shoe cut-outs at the heel counter is recommended to offload the painful area and reduce
external pressure/friction.

59.4.6.2 Risk Factors
There is limited evidence for risk factors relating
to Achilles tendinopathy. A recent systematic
review reported limited evidence for the following as risk factors, lower leg tendinopathy,
use of fluoroquinolone medication, plantar flexion weakness, and abnormal gait patterns [74].
Of interest was that the study did not find support for body weight or body mass index, static
foot posture measurements, and physical activity level being risk factors. Altered tendon
structure observed with ultrasound imaging has
been found to increase the risk of developing
symptoms. It is therefore of importance to perform a thorough evaluation of the individual
with Achilles tendinopathy and design an individual treatment plan to both address the tendon injury and other possible impairments that
could be related to the development of the overuse injury [75].

59.5

Conclusion

Controlled tendon loading is currently the best
supported treatment for rehabilitation of tendinopathies. To maximize the effectiveness of this
intervention, it is critical to combine individualized tendon loading exercises with activity modification and a progressive return-to-sport phase,
which gradually improves the tendon’s tolerance
to sport-specific demands. Although symptoms at
the patellar and Achilles tendons are most common in basketball players, the principles
described in this chapter can be applied to tendinopathies at other locations in the upper and
lower extremity. In these cases, it is important to
consider anatomical and biomechanical factors
that may increase compression or require alterations to loading. Furthermore, a subset of patients
may not respond to tendon loading exercises
alone. Adjunctive treatments, such as shockwave
or platelet-rich plasma injections, may need to be
considered, and surgery may be utilized as a last
resort. In these instances, the athlete will still
benefit from tendon loading exercises to restore
tendon health and prepare them for a return to
sport.
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On-Court Rehabilitation—From
Treatment Table and Return
to Play to a Return to Performance

60
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and Leslie Gartner

60.1

Introduction

Rehabilitation for basketball players needs to
include a basketball as well as basketball-specific movements to properly prepare the athlete
for a return to the court. Although the specifics
of a rehabilitation program will be tailored to
each individual athlete and injury, there are common elements to almost all rehabilitations. In
particular, on-court progressions to gradually
build and expose the athlete to the demands they
will face upon a return to basketball can be similar across injuries. This chapter will focus on
rehabilitation after a lower extremity injury and
provide ideas for performance teams (medical,
rehabilitation, strength and conditioning, sports
science, and coaching) to consider in preparing
an athlete.
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60.2

Rehabilitation and Return
to Performance Planning

Immediately after injury, communication and
education with the athlete and all stakeholders
are essential. A detailed rehabilitation plan should
be compiled, with input from rehabilitation professionals, strength and conditioning specialists,
sports scientists, doctors, surgeons, coaches, and
the athlete. Rehabilitation plans should include
(1) clear objective milestones demarcating the
phases of rehabilitation, (2) athlete-tailored
return to sport criteria, and (3) key performance
indicators (KPIs) defining an athlete’s return to
preinjury level of performance.
There is a great deal of literature on objective
milestones in rehabilitation and return to sport
criteria [1–6]. Structures such as the Strategic
Assessment of Risk and Risk Tolerance (StARRT)
framework [7] for return-to-play decision-
making can assist performance teams in planning
rehabilitation phases and return to sport criteria.
This chapter will not focus on the objective milestones or return to sport criteria, particularly as
the other chapters in this book provide recommendations specific to each injury type.
Return to sport is a continuum [8]. An athlete’s
return to training may be considered their return
to participation. A resumption of full training and
game play could be considered a return to play
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[8]. However, rehabilitation is not over when an
athlete returns to play. A point guard who, preinjury, averaged 25 points a game, but upon return is
only averaging 10, has returned to play but not
returned to their preinjury level of performance.
Rehabilitation is not complete until the athlete has
returned to performance. Return to performance
is defined uniquely for each athlete. Similar to
how objective measures and clinical milestones
are laid out in the rehabilitation plan, clearly
establishing KPIs for return to performance will
help the team fairly assess the athlete’s progress
toward their full return to performance.
KPIs in return to performance should be quantifiable and include both physical-performance as
well as basketball-performance measures.
Physical-performance indicators could include
peak speed, accelerations/decelerations, total distance, or number of jumps. Basketball-performance
indicators could include points, rebounds, assists,
blocks, or turnovers. There are numerous variables
that could be chosen as KPIs, but only those of
highest priority for a given player should be
selected. For example, points and assists may be
more appropriate KPIs for a point guard, whereas
blocks or rebounds may be more appropriate for a
center.
Deficits identified via KPIs can guide prevention or practice efforts. Clinicians may be
tempted to see a deficit in a basketball-
performance KPI and associate it with skill or
coaching fault; however, it is important to examine all deficits from both a basketball and a rehabilitation standpoint. For example, if an athlete’s
KPI was driving to the basket equally on the
right and left, but in their first few games back
after a left ankle sprain the athlete was only driving to the basket on their right, the underlying
cause for the deficit could be basketball-related
or rehabilitation-related. From a basketball perspective, the reason could be that they could
more easily beat their opponents on that side. Or
from a rehabilitation perspective, the reason
could be that the athlete is fearful of driving off
the left ankle or lacks the strength or power to
generate enough force to drive off the left ankle.
Coaching and performance staff working collaboratively to uncover the reasons and to address

deficits in KPIs is the fundamental basis for
return to performance rehabilitation.
Education is important so that the players understand and have some ownership over the injury,
objective milestones, approximate time frames for
each phase of rehabilitation, return to sport criteria,
and KPIs. Trust is also required to ensure the player
is open about symptom response, concerns with
specific movement patterns, and the influence of
external pressures like coaches, general managers,
agents, playing contracts, or family members [9].
Interdepartmental collaboration is crucial to ensure
all objective milestones are being met within the
confines of what is safe in each phase of rehabilitation. In effect, making sure everyone is clear about
any limitation that may prohibit strength and conditioning or coaches/player development from performing certain activities with the athlete to
facilitate the player’s safety. Conversely, clear communication can also allow for a new movement
pattern introduced during a rehabilitation exercise
to be reinforced during lifting or on-court session.
For an athlete, sport participation and self-
worth are often deeply intertwined. Following an
injury, lack of full participation may pose a significant psychological barrier. Thus, safe ways to
introduce sports-specific drills into rehabilitation
as soon as possible may be beneficial. Facilitating
ways for the player to stay involved in team activities such as helping or observing at practice,
film, and game walk throughs can assist with
maintaining skills and cortical motor mapping
while injured simply through visualization [10].
Involvement in team activities also helps with
motivation, as the player still feels part of the
team. Giving the player responsibilities, such as
with scouting reports, assisting younger players,
or rebounding, can also help players feel as
though they are contributing to the team, even
though they are not on-court playing.

60.3

Acute Phase
of Rehabilitation

The acute phase of rehabilitation is focused on
addressing impairments and reestablishing
basic levels of function, such as activities of

60 On-Court Rehabilitation—From Treatment Table and Return to Play to a Return to Performance

daily living. Additional priorities include education and maintenance of general strength and
conditioning.
Even in early stages of rehabilitation when
impairments are significant, a basketball can be
integrated into rehabilitation. For example, if an
athlete is non- or partial-weight-bearing, they can
still shoot a basketball with the leg on a scooter or
while sitting in a chair. The focus of these shooting drills should be on form and performed within
a small distance from basket. Coaches’ input can
help prevent poor mechanics from developing or
addressing previously existing form habits. A
basketball can also be incorporated into stationary drills (such as seated ball handling or static
passing drills), core exercises (such as Russian
twists or crunches into overhead throws), or hip
strengthening (such as isometric adduction or
using the ball as a prop for manual perturbation).
Further, not all basketball drills have to be part of
planned rehabilitation. Independent work on free
throw form in supine can be performed while the
athlete is icing or elevating.
Regardless of injury, good neuromuscular
control and proprioception are important for a
favorable prognosis and secondary prevention [6,
11, 12]. Neuromuscular control and proprioceptive exercises can begin when an athlete is non-
weight-bearing but become easier to incorporate
a basketball when the athlete is able to weight-
bear. Progression of balance can be done in a
multitude of ways: double leg to single leg, firm
surfaces to compliant or unstable surfaces, controlled perturbations to reactive perturbations,
eyes open to eyes closed, etc. Within all of these
variations, clinicians can add a basketball either
to have the athlete simply hold, throw/catch,
bounce, dribble, or shoot. For example, the exercise might start by performing single-leg balance
on stable surface, then on a foam pad. A basketball might then be added to drill so that as the
athlete balances they have to dribble, then progress to dribbling in patterns between hands as
well as pounding or alternating rhythms such as
bouncing in-and-out, forward/backward, quickly
and close to the ground, or high-power dribbles
(Fig. 60.1). Other progressions could include
throwing and catching at the chest, then in mul-
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tiple directions, and then adding a weighted
basketball.
Once an athlete can weight-bear, stationary
dribbling drills can be initiated. Examples include
stationary dribbling with one hand or the other,
pounding, or crossing over. Patterns that involve
dribbling and passing can also challenge the athlete while progressing weight-bearing, for example, dribbling twice with the right hand, crossing
over1 and passing with the left, receiving with the
right, and repeating. Ball movements such as
these can also facilitate movements that clinicians are trying to promote. Crossovers with the
feet shoulder width apart force the athlete to
weight shift from leg to leg. Dribbling between
the legs forces the athlete to step and weight-bear
through both legs, potentially forcing the athlete
to weight shift into the involved limb. Progressing
dribbling drills to higher-level patterns with successive moves can add a cognitive load to further
challenge the physical skill. A common series is
receive pass, crossover, crossover; receive pass,
crossover, between the legs2; and receive pass,
crossover, behind the back.3 The player then
changes the starting move while keeping the
crossover, between the legs, behind the back
sequence without stopping motion. To clarify, the
next sequence would be receive pass, between
the legs, crossover; receive pass, between the
legs, between the legs; and receive pass, between
the legs, behind the back. This sequence is
repeated then with behind the back as the starting
move.
When able to fully bear weight but yet intolerant to high impact activities, shooting from flat
foot can be initiated, followed by elevating onto
the toes (Fig. 60.2). The focus of these shooting
exercises should still be on form shooting from
small distances and progressing outward. If force
plates are available, having the athlete go through

A cross over is when the ball is bounced from one hand
to the other in front of the body
2
Between the legs means the ball is bounced from one
hand to the other through the opening between the athlete’s legs
3
Behind the back is bouncing the ball from one hand to
the other behind the body
1
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d

e

c

Fig. 60.1 (a) Dribbling close to body. (b) Dribbling further out from body or across body. (c) Dribbling around legs.
(d) Dribbling between legs. (e) Single-leg balance on foam pad while dribbling

their shooting motion with biofeedback can help
them gain insight about their own movement patterns and potentially help them equally distribute
their weight.
As the athlete’s tolerance to impact continues
to increase, stationary jump shooting may take
place. Shooting as such can start with very small
jumps (1–2 cm from ground) and increase in
height and distance from basket. Stepping into
shots can also be introduced, based on the injury.

For example, in the case of a lateral ankle sprain,
taking one step forward or backwards into a shot
can be progressed to stepping laterally into a
shot. In contrast, for a hamstring injury, laterally
stepping might be introduced first, then forward
and then backward steps.
Variables within tissue-specific exercises and
basketball rehabilitation drills that can be modified include speed and stationary vs. moving linearly. Linear movements (sagittal plane) can be
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b

Fig. 60.2 (a) Starting position for shot. (b) Ending position for shot. Weight is transferred to toes but feet do not leave
the ground

progressed to lateral (frontal plane) and then to
rotational (transverse plane). These sport-specific
drills should be in complement to rehabilitation
exercises and be done when safely appropriate.
With activities in rehabilitation, using the general
soreness criterion (see Chap. 56 Rehabilitation of
Knee Injuries in Basketball Players) can help
assess patient’s tolerance to activity. Other subjective and objective measures to monitor
throughout the acute phase are stiffness, pain,
and swelling. A significant increase in these measures may demonstrate intolerance and necessitate an adjustment to rehabilitation.

60.4

Subacute Phase
of Rehabilitation to Return
to Participation

60.4.1 Exercise Progression
In the subacute phase of rehabilitation, the performance team can begin to incorporate higher

level training for the athlete, building on the
foundational strength and neuromuscular gains
from the acute phase. Strengthening, which was
focused on building stability in the acute phase,
in the subacute phase will begin to be focused
more on endurance and progressing to power.
Neuromuscular control and proprioception exercises can begin integrating sport-specific movement patterns and begin to enhance control with
more dynamic tasks, specifically in single-leg
and multiplanar activities. Practitioners may find
utilizing a “working backwards” approach, an
easy way to help progress an athlete into more
dynamic and basketball-specific tasks. “Working
backwards” means that practitioner starts with
the end task or on-court skill and deconstructs the
skill into components. Introducing these components individually and then building them
together will help the practitioner plan how to
train and then progress the task/skill within a
controlled environment (Table 60.1) [13].
Cutting and pivoting are important movements in basketball. The obvious main compo-

A. J. H. Arundale et al.

770
Table 60.1 “Working Backwards” to deconstruct and then train movements
Skill
Cutting
Defensive
slides
Jumping

Baseline components to
achieve
Multidirectional
stepping
Controlled side stepping
Double and single-leg
hop

Methods to progress
Submaximal 45/90/180° cutting;
Curling
Resistance with band/cables;
Anticipated change of direction
Hopping patterns (multiplanar, over
obstacles)

nent of cutting is a change of direction, but these
changes of direction occur at many different
angles in a game. Thus, training must include a
variety of movement patterns to accommodate
differences such as the V cut,4 L cut,5 flare,6 or
curl.7
Jumping also needs to be gradually progressed
through the subacute phase. Given the load
through the lower extremity involved in jumping,
the height of jump should be gradually progressed based on the injury and athlete’s tolerance. The quantity and intensity of jumping, such
as length of time the athlete spends shooting,
should be closely monitored to ensure there is a
gradual progression rather than a large spike.
Shooting often is performed on 2 feet; however, it
is important to introduce the athlete to single-leg
landings. Double-leg takeoff/landing can be progressed to double-leg takeoff/single-leg landing,
to hop-scotch patterns (alternating double and
single-leg takeoff/landings), to single-leg takeoff/
landings.
Once the athlete exhibits good control of the
underlying basic movements, these can be further progressed by manipulating other variables
such as controlled vs. open environment, speed,
A V cut is when the athlete starts around the three point
line, runs towards the basket and then cuts at an acute
angle back out towards the 3 point line to receive a pass
5
An L cut is when the athlete starts in the paint, running
down the court, cutting 90 degrees towards the 3 point line
to receive a pass
6
A flare is when an athlete cuts around a screen and runs
away from the basket towards the perimeter
7
A curl is when an athlete cuts around a screen towards the
basket, generally the opposite of a flare
4

High-level adaptations
Increase speed and intensity; Add
defender
Unanticipated change of direction;
Add offensive player
Perturbations; Cognitive load such
as catching ball

intensity, perturbations, and cognitive load
[14]. Sport-
specific movements may initially
need to be trained without a ball, but as the athlete gains competency, adding a ball is essential
in preparing the athlete for the demands of
training/game play.
Maintaining good cardiovascular readiness
is also key in the subacute phase of rehabilitation, particularly as fatigue may increase the
risk of injury [15]. Cardiovascular fitness can
be trained off-court by biking, swimming, armbiking, rowing, or alternatives such as battle
ropes, boxing, or use of a VersaClimber™.
On-court examples of cardiovascular training
appropriate for the demands of basketball
include successive full court transitions, acceleration and deceleration training, cutting while
running, and curved line running. Additionally,
conditioning drills might involve basketball
skills such as having the athlete running diagonally at speed across court, shooting at 3-point
shot, and then repeating 4 times. The drill can
be repeated until that athlete makes 3 of 4 shots,
challenging the athlete’s endurance and skills
under fatigue. Another example is accelerating
from underneath the basket to the corner, setting up to defend a coach with the ball, then
sprinting to the opposite corner to defend
another coach.

60.4.2 On-Court Progression
Shooting, ball handling, and team play progressions occur hand-in-hand with rehabilitation skill
acquisition. For example, once an athlete can
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safely perform single-leg jumping tasks, clinicians can add an overhead focus, such as with
catching a basketball while landing. Tables 60.2,
60.3, and 60.4 describe progressions for building
exercises from simple to more complex
(Fig. 60.3).
Transitioning the player back to practice
should be a gradual process, particularly in
extended rehabilitations. Collaboration with

Table 60.2 Ball handling progression
Stationary ball handling

Ball handling with walking

Ball handling with jogging

Ball handling with defensive player

Table 60.3 Shooting
progression
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coaches is essential during this time as they can
help provide safe environments for the athlete to
play at controlled intensities. Scripting, or the
process of going through an offensive or defensive play, provides the player with the opportunity to learn or familiarize themselves with team
tactics while also getting on-court loads and
basketball-
specific movements. Starting at
slower speeds in the half court, scripting can be
built up to higher speeds in the full court, first
with coaches and then with players (Fig. 60.4).
Scripting and scrimmaging can be tailored to
the load or movement needs of the player. Full
court 3v3 and 5v5 provide higher external workloads than 2v2 or 4v4 [16]. Half court 2v2 and
5v5 may provide the highest accelerations per
minute [16].
If accelerometer/inertial measurement units
are available to help quantify intensity or play or
jogging/running speeds, these may be closely
prescribed by the performance team to make sure
the player’s progression is gradual. If this technology is not available, these variables may have
to be estimated but require close attention as

Close range form shooting (feet flat and remain on ground)
Close range form shooting (rising on toes but feet remain on ground)
Close range spot shooting (small jump)
Long range spot shooting
Stepping into shot (linear)
Stepping into shot (multidirectional)
Movement into shot (ex. shake up, drift, dribble hand off, etc.)
Layups/finishing uncontested
Finishing with pads or blocks in path to basket
Finishing light defense
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Table 60.4 Defensive
progression

Side step at slow speed focusing on control, weight shift and squat form

Diagonal reverse side step at slow speed focusing on control, weight shift, and squat form

Diagonal reverse side step at slightly faster speed
Diagonal reverse side step as if defending (With or without directional
cues or cognitive challenges)
Defending an offensive player at slow speed

Defending an offensive player at faster speeds

Accelerate to the position of offensive player, then defend

a

b

Fig. 60.3 (a) Single-leg shot from a stationary position.
Shots can be taken from close under the basket and made
further to increase difficulty. (b) Small jump with single-
leg shot, beginning from under the basket and progressing

c

distance. (c) Layup. Progression can start with slow steps
into layup and then adding a faster run or drive to the basket and eventually adding an opponent or tackling pad in
the path of the run to the basket
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Scripting with coaches at jogging pace
1 Court
2

773

1v1 against coaches
(gradually increasing intensity and contact)

Scripting with coaches at running pace
1 Court
2
Scripting with coaches at running pace
Full Court

1v1 against player
(gradually increasing intensity and contact)

Scripting with team
1 Court
2
Scripting with team
Full Court

1

1

1

2

3v3 with coaches
Court then Full Court

2

3v3 with players
Court then Full Court

2

5v5 with players
Court then Full Court

Return to game play with lower level team

Return to game play with team

Fig. 60.4 Example of return to practice progression

coaches may not be as good at estimating speeds/
intensities.

60.5

 rom Return to Play
F
to Return to Performance

60.5.1 T
 raining Under Pressure;
Decision-Making,
and Cognitive Load
Many athletes state that it takes them time after
returning to play to get back into the “rhythm”
of the game. Part of this difficulty may be
because it is hard to replicate the intensity of a
game in practice [17]. Even compared to 3 v. 3
or 5 v. 5 situations during practice, playing in a

game still involves greater psychological pressure (both internal and external), decision-making, and speed of play [16, 17]. Thus, a player’s
first few games after returning from injury are in
essence practice for subsequent games. Where
possible, returning to play via lower level teams,
such as playing in reserve team games, may
help the athlete more quickly adjust back to
their preinjury level of play. In addition, it is
also important when assessing KPIs and an athlete’s performance to take into consideration
changes in tactics or personnel that may have
occurred while the athlete was out. These
changes could require the player to learn new
plays or even a new position/role when they
return from injury, impacting their performance
upon return.
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Techniques that put the athlete under pressure
during training could help athletes adjust more
quickly to the faster speed of play during games.
Three ways to put an athlete under pressure during an exercise include adding decision-making,
cognitive load, and perturbations (Table 60.5).
There are many ways to add decision-making
into an exercise. Decisions could be as simple as
reacting to visual or verbal cues or as complex as
anticipating or reacting to an opponent’s
movements. Simple cues, such as a hand signal
indicating which direction to move, can be made

more complex by reducing the amount of time
the athlete has to make the decision. For example, an exercise could start with the athlete dribbling toward the basket and receiving a verbal
cue to perform a layup on the right or left. To
start, the athlete could be given the verbal cue as
early as the free throw line, giving them plenty
of time to prepare. As the drill is progressed, the
verbal cue could be given later, such as when the
athlete crosses the charge circle. Adding another
player into an exercise can also add decisionmaking. Offensively, decision-making with

Table 60.5 Examples of adding decision-making, cognitive load, or perturbations to exercises
Exercise
Single-leg squat

Decision-making
Cognitive load
Perturbation
 • Player must tell a story  • Manual
 • Hold single-leg stance and only
perturbation given
while performing
perform a squat when receiving a
at random to
squats.
visual cue.
different body parts.
 • Watching a game, athlete performs  • Play I spy (guessing
 • Move various
game to find what the
single-leg squat when they
objects of different
other person is looking
anticipate the player they are
colors through the
at).
watching to shoot.
athlete’s peripheral
vision.
 • Background noise
 • Must watch and
Free throw
 • Tossing a tennis ball and
with audience
commentate another
basketball back-and-forth, shoots
sounds and loud
game, as soon as
free throw only when received
random noises.
passed a ball though
basketball.
 • Glasses with tape or
they must set up and
 • Coach describes various end of
different opaque
shoot the free throw.
game scenarios, player only shoots
covering various
free throw when the scenario calls  • Tell tongue-twisters
aspects of visual
while shooting (e.g.,
for a foul or shot to be made.
field.
Simon sells seas shells
on the sea shore).
 • Begin with a
 • Solve simple math
Layup
 • Clinician gives verbal cue for
defender just gently
problems.
which side the layup is performed.
touching the athlete
 • React to defender on when to start  • Recite the scouting
as they go up for
report on players on an
running into the layup.
the layup, progress
upcoming opposing
to fully contact.
team.
• Change takeoff or
landing surface.
 • Push off/contact
• Commentating (third
 • Player starts with eyes closed,
Defensive closeout
with opponent.
person) the play.
opponent moves to a new spot,
(starting with one foot
• Use glasses with
player opens their eyes, must find  • Counting backwards
in paint, the player
blinders to
from 100 as performing
opponent and close out before
accelerates to 3-point
eliminate peripheral
exercise.
their opponent can shoot.
line to defend an
vision.
• As player closes out, they must
opponent)
read their opponent on whether the
opponent plans to shoot or drive to
the basket and adjust their body
accordingly to either “fly-by” the
player shooting, or try and block
the player from driving to the
basket.
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another player could be reading the other player’s actions to receive a pass or roll off of a pick.
Defensively, decision-making includes reacting
to the other player’s movements to block or
obstruct their progression. Addressing the athlete’s agility in reacting to an offensive player
could be important in secondary prevention of
injury, as defending is a high injury risk component of basketball play [18].
Similar to decision-making, there are many,
both simple and complex, ways to add cognitive
load to an exercise (Table 60.5). Simple cognitive
tasks such as counting or reading can be added to
exercises. Progression can include making the
cognitive task more difficult or making the exercise more difficult. Examples of more difficult
cognitive tasks could include commentating a
video, carrying on a conversation, or games like I
spy or 20 questions. Further, mental fatigue can
also be used to train the athlete. Mental fatigue is
a psychobiological state caused by prolonged
periods of cognitive activity [19]. Performing
rehabilitation after taking a test, at the end of a
school day, or after studying game film for a long
period could all be examples of training when an
athlete is mentally fatigued [19].
Perturbations in basketball can be auditory,
visual, or kinesthetic. Auditory perturbations that
can be used in training include music, unexpected
noises, or the sound of a crowd. Visual perturbations can be created through occluding an athlete’s eyesight, limiting an athlete’s visual field,
or creating extraneous visual information in the
athlete’s peripheral vision. For an example, while
an athlete is shooting, the clinician could pass
their hand through the athlete’s peripheral vision
or an object could be thrown past the athlete.
Kinesthetic perturbations can include performing
exercises on different surfaces such as foam pads
or BOSU balls, manual resistance to the athlete,
or opposition contact. Contact with another
player is the most sport-specific perturbation.
Manipulating the amount of contact in an exercise not only allows for physical perturbations
but also challenges the athlete’s decision-making.
At a basic level, contact can be provided via pads
or blocking devices and be progressed to contact
with another player at higher levels.
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60.5.2 On-Court Movement
and Motor Learning/
Secondary Prevention
On Court
An athlete’s movement patterns can put them at
risk for a reinjury, particularly when considering
knee injuries [11]. High-risk movement patterns
may be stiff landings (high ground reaction force,
minimal knee and hip flexion) and knee valgus
(hip adduction, internal rotation, and knee abduction) [11]. Generally these high-risk movement
patterns are key targets of neuromuscular reeducation during rehabilitation; however, deficits
may still exist upon return to play. Movement
deficits still seen upon return to sport are often in
higher level/more complex sport-related tasks
and tasks at high speeds. Gokeler et al. [13] provide a good resource on motor learning for clinicians with the focus on changing movement
patterns toward secondary prevention. The paper
provides four principles:
1. Facilitate an external focus of attention.
Clinicians can use external cues (focused on
the environment) rather than internal cues
(focused on the athlete’s body or movement) to help with movement learning and
automaticity [13]. For example, rather than
an internal cue of “fire your glutes when
you extend your leg,” a clinician could use
the external cue “think about pushing the
ground behind you.”
2. Encourage implicit learning. Explicit directions regarding movements or exercises
require attention and working memory [13].
Athletes need movement patterns to be automatic when they are playing. Implicit learning
strategies, such as using analogies in instruction, helps the athlete come up with their own
image of what a movement should look like.
Internalizing the movement could help the
athlete unconsciously integrate proper movement patterns on court, particularly when
attentional demands are higher [13]. Example
directions to an athlete could be “I want you to
think about a column holding up a building.
With your shoulder, hip, knee, and foot, I want
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you to build a column and keep that stable column throughout the exercise.”
3. Create environments for differential learning.
Differential learning involves intentionally
experimenting with multiple movement patterns and exploring the numerous ways to
achieve a similar outcome [13]. Differential
learning tasks could involve giving an athlete
a goal and challenging them to come up with
different ways to achieve that goal. For example, picking a basketball up off the floor ten
different ways, none the same and each with a
different starting stance. More simply, differential learning could be facilitated through
performing the same task in different ways,
such as a single-leg squat on the ground, on a
foam pad, with manual perturbations, with or
without a basketball.
4. Use self-controlled learning and contextual
interference. An abundance of literature demonstrates that athletes engaged in their own
rehabilitation process and decision-making
tend to be more motivated and have better outcomes [20]. Self-controlled learning takes
engagement in the rehab decision-making further, by giving an athlete more control over
aspects such as exercise selection, duration, or
feedback [13]. Actively engaging the athlete
may help promote motivation which in turn
may help facilitate motor learning and transfer. An example of self-controlled learning is
only providing movement feedback when the
athlete asks, as opposed to when the clinician
deems it necessary, or letting the athlete determine when they are ready to add a basketball
into an exercise. Contextual interference is
defined as the interference of performing one
task within the context of another [13, 21].
Where blocked practice (performing the same
task in repetition) has no contextual interference, variable practice (performing variations
or different tasks) has high contextual interference [13]. Although skill acquisition is
slower or has poorer initial performance with
higher contextual interference, there may be
better retention and transfer [13, 22, 23]. For
example, having an athlete in a defensive

position reacting to a player dribbling at them
could be done with the eyes open, one eye
closed, with glasses blocking their peripheral
vision, or even with both eyes closed, forcing
them to rely purely on sound.
Use of these principles throughout rehabilitation on- and off-court can be valuable for the athlete’s motor learning, but may be of particular
value in integrating movement into performance.

Key Points

• A rehabilitation plan with objective
milestones and return to sport criteria
should be set out at the beginning of
rehabilitation. Key performance indicators should also be established in order
to help determine when an athlete has
returned to their preinjury level of play.
• A basketball can easily be introduced
early in rehabilitation exercises and as
an athlete progresses, used as a complement and part of rehabilitation on- and
off-court.
• Variables such as speed, intensity, cognitive load, decision-making, and perturbation that are generally used in
rehabilitation can also be variables
manipulated in basketball exercises,
starting in a simple manner and then
building complexity.
• On-court progressions should be within
the confines of what is safe in each phase
of the athlete’s recovery, allowing for
sport- and position-specific reinforcement of new movement patterns and tissue loading introduced off court. Special
attention should be placed on movements and skills that may pose a challenge to the athlete’s particular injury.
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61.1

Introduction

properties), organizing the contents around them
(e.g., main body area, muscle adaptations, typolStrength training programs oriented according to ogy of contraction, and mono- or polyarticular),
specificity for team sports are something rela- or based on designing attractive exercises for the
tively new. Traditionally, team sports have executor, instead of programs under a philosophiextrapolated and adapted knowledge and training cal or methodological framework with the sport
procedures from individual sports, with an exten- characteristics as the core focus from which the
sive history in training theories and methodolo- rest of contents are developed. Moreover, when
gies. However, nowadays, it is widely accepted deciding on the most appropriate resistance
that the needs are completely different and spe- methods, the best equipment or the exercises to
cific to each discipline, even within the team perform in the program, it is important to consports themselves. Accordingly, the authors of sider some other components, including body
this chapter believe that the main goal of a positions, movement directions, coordination, or
strength program, and especially at high- the period of the season. The proposal we present
performance level, is to provide the optimal con- here has the sport of basketball as a focal point,
ditions to allow the players to achieve, maintain, with an integrative methodology based on basor enhance the proper performance of functional ketball movements and players’ needs.
movements significant for the sport, in this particular case, for basketball.
It is quite common to find methodologies 61.2 Basketball Overview
based on the functionality of the muscles (or its
Basketball is a team sport that requires repeated
short high-intensity actions (e.g., accelerations,
L. T. Ronda (*)
decelerations, jumps, and alike), where the playPhiladelphia 76ers Athlete Care Department,
Philadelphia, PA, USA
ers either have to outwit opponents, and even
teammates, with cuts or side-steps, changing
Faculty of Sport Sciences and Physical Education,
Technogym Scientific Department,
direction rapidly to avoid contact, looking for or
University of Udine, Udine, Italy
responding to unexpected contacts, performing
e-mail: lorenatorres07@yahoo.es
specific basketball movements (e.g., defense
F. Cuzzolin
actions, screening, blocking, rebounding, dribFaculty of Sport Sciences and Physical Education,
bling, and post-up). These actions are interposed
Technogym Scientific Department,
by periods of low-to-mid intensity activities (e.g.,
University of Udine, Udine, Italy
e-mail: fcuzzolin@technogym.com
walk, jog, and run), and playing with a ball cre© ESSKA 2020
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ates impulsive, nonlinear, and unpredictable
movements and actions. Also, the ability to repeat
these activities determines effective performance,
which requires the ability to perform the actions
per se and the endurance to do so constantly;
thus, the players must not only be strong, but fast,
balanced, coordinated, agile, perform sport-specific skills, have the capacity to perform highintensity actions repeatedly, with tactical
intelligence, among other qualities.
A competitive season can be very different
depending on the league (e.g., EuroLeague,
National Basketball Association (NBA), or
National Collegiate Athletic Association (NCAA)
basketball). In the NCAA teams play 25–35
games in 5 months; for an EuroLeague team the
number of games range from 73 to 90 in 8 months;
and an NBA team plays 82 games during the regular season (6 months), and this does not include
play-off games. Regardless of the competition, it
is noticeable that there is a high density of games
for those periods of times. In addition, some
players can also be part of Summer Leagues,
National Teams, or pre-season tournaments, usually conducted during the “off season.” Being
able to keep a proper and optimal level of strength
for these long periods is a challenging goal for
the performance staff and the players. When
designing the strength training programs, aspects
such as the period of the season (pre-season, inseason, off-season), the density of games per
week, or the minutes played should be
considered.

61.3

 he Basic Concepts
T
of Strength

Despite the emphasis we place on the need to
consider the specificity of sport, we wanted to
review some general and basic concepts related
to strength training. It is beyond the scope of
this text to make an exhaustive description of
these concepts, or the physiological mechanisms and the metabolic demands of strength
training, which are widely described in other
manuscripts in the literature, but to refresh some
of those that we consider most significant. It is
important for the authors of this chapter because
we want to stress the need to know Why we

make the decisions we make, and it will serve as
the basis for future steps when designing the
programs.

61.3.1 S
 trength, Rate of Force
Development, and Mechanical
Power
Basketball activities require an optimal expression of strength and neuromuscular power. The
primary components that contribute to them are
as follows:
•
•
•
•
•

Maximal dynamic strength (MDS)
Rate of force development (RFD)
High-velocity movements (HV)
Stretch-shortening cycle capabilities (SSC)
Neuromuscular skill and coordination (NSC)

These components serve as a reference when
planning the strength and neuromuscular goals of
the programs.
• MDS: is the ability to develop high levels of
force. This quality is required at the initiation
of the movement to overcome inertia/resistance when the system velocity is zero or slow.
For activities such as jumps, changes of direction, or accelerations, even in the absence of
external resistance, there is a significant inertial component due to the athlete’s own body
mass. Thus, maximum strength relative to
body mass is a key element in expression of
power for gross motor actions involved in a
variety of athletic movements. Moreover, in
contact sports the ability to generate neuromuscular power against an external resistance
is an important factor, which relies heavily
upon high levels of force output and therefore
maximum strength.
• RFD: is the ability of the neuromuscular system to increase contractile force from a low or
resting level, when muscle activation is
intended to be performed as quickly as possible (RFD = ∆Force/∆Time) [1]. RFD is considered important for movements performed
rapidly, when force production is short (100–
300 ms). It is well accepted that performance
of high-intensity activities, like many actions
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performed by basketball players, is largely
determined by mechanical power. Mechanical
power is defined as the rate at which force is
developed over a range of motion (d), in a
specific period of time (P = F × d/t), or as
force multiplied by velocity (P = F × V),
which means, power is the product of force
and velocity. The velocity reached when moving an external load (or body weight) is a consequence of the force applied; therefore, the
way to develop more speed at a certain load
(or body weight) is to apply more force to the
load [2, 3].
• HV movements: is the ability to exert force at
high velocities. Increasing maximum strength
at slow movement velocity is of limited relevance if the player is unable to express this
greater force-generating capacity at the movement velocities encountered during athletic
and sport skill movements.
• SSC: involves a pre-stretch (eccentric) phase
(e.g., countermovement and landing), followed by a concentric/ballistic phase. A great
number of movements and activities in sport
involve some kind of pre-stretch or countermovement, which serves to increase force and
power output for the concentric portion of the
movement [3]. Based on the duration of the
ground contact or force application, the SSC
capabilities can be divided into the following:
–– Fast SSC: it involves a preceding flight
phase with a very brief (100–200 ms)
ground contact phase (e.g., drop jump)
–– Slow SSC: it involves a preparatory eccentric phase (lasting about 300–500 ms) performed on a fixed base of support (e.g.,
countermovement jump)
• NSC: is the ability to coordinate the sequential motion of joints and limbs, between the
multiple linked segments of the kinetic chain
involved in a specific movement. The training
stimulus must feature a high degree of specificity (movement pattern) and at competition’s velocity. Intermuscular coordination is
a critical factor for the motor abilities involved
in athletic movements such as running or
jumping, and especially for fine or complex
motor abilities involved with particular skill
movements [3].
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On the basis of these components, we propose
the following strength goal categories, mainly oriented to achieve, maintain, or foster: (i) maximal
dynamic strength (structural or neural), (ii) optimal mechanical power, and (iii) velocity and/or
movement speed (exploiting the neuromuscular
properties using the eccentric-to-concentric
stretch-shortening cycle—SSC, elastic (slow:
300–500 ms) or reactive (fast: 100–200 ms);
includes plyometrics). An additional goal, (iv)
endurance or maintenance, has neither a force-
velocity nor a mechanical power component, but
involves correcting or adjusting muscular imbalances, muscle or movement deficiencies, and/or
weaknesses, with a more prophylactic and tissue
preparation focus for future high-intensity actions.

61.4

A Methodological
Framework for Basketball

For some time now, team sports have evolved the
theory of training aiming to propose a framework
more in line with the needs of these sports [4].
However, the explosion of innovative methodologies has not occurred until more recently, due to the
inclusion of the new paradigm of the dynamic systems theories [5], incorporating two fundamental
concepts: (i) specific training of sports demands
produces greater improvements in performance,
and therefore drills and movements in (team) sports
should replicate game conditions allowing to
enhance maximal transfer to skilled performance,
and (ii) the constraints associated with human
movement (and skill acquisition) can be classified
into three components: the individual, the task, and
the environment [6]. Under this vision, Seirul-lo
et al. proposed the idea of structured training theory, which begins with the classification of exercises at different levels of specificity, according to
the orientation and level of approach to the competition. More recently, Schelling and Torres-Ronda
presented a personal adaptation of this philosophy
specific for basketball [7].
The proposal presented in this chapter follows
the guidelines of the abovementioned works
where the program structure is based on the specific characteristics of the sport, levels of specificity, or progressions according to task orientation
and player’s needs.
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61.4.1 Levels of Specificity
The similarity with the actual competition/official games grades the levels of specificity:
• Game performance—on court—(L5): this
level requires the drills to include the sport
tactics, skills, and physical capabilities according to teammates and opponent’s reactions in
a competitive environment. Level 5 ranges
from official games to scrimmages, 5on5, and
4on4 games with modified rules.
• Basketball-oriented practice—on court—
(L4): this level promotes the development of
basketball skills reaching levels of automatization or execution at a stage that allows optimal performance, from no-opposition (e.g.,
1on0) to certain level of complexity (e.g.,
3on3).
• Basketball skills—on court—(L3): this
level implies abilities applied with specific
components of the game, covering individual
skills development, which might include
tasks
under
constraints
that
favor
decision-making.
• General abilities—on/off court—(L1 and
L2): events combined for a specific goal,
which include the following:
–– Actions: movements performed in
sequence or simultaneously
–– Movements: basic movement patterns

61.4.2 Movement Content
Basketball coaches tend to divide basketball
movements into two categories, offensive and
defensive, each possessing certain particularities
(Fig. 61.1). Understanding this categorization in
the design of actions or movements will help
facilitate the choice of exercises. The actions
included in these categories, leaving aside skills
such as passing or shooting, can be grouped into
three generic movement contents: (i) moves, (ii)
jumps, and (iii) contacts. Likewise, movements
in basketball can be described starting from a
power position, a stagger position, or a transition
to one leg.

Figure 61.1 shows the most common abilities
(i.e., actions and movements) and actions for
offensive and defensive movements. Most abilities involve a combination of actions, such as
move and jump, move and contact, or jump and
contact, with constant changes of direction, and
only rarely requiring linear or unidirectional
movements.

61.5

Designing the Program

When designing the program, we suggest following these steps:
• Assessing players’ characteristics, needs,
and flags: the first thing to do is determining
the player’s characteristics and profile, including, but not limited to, the following: age,
anthropometry, body composition, range of
motion (ROM), basic movement pattern forms
(bi- and unilateral), strength and neuromuscular power profile (and strength training history), cardiovascular and recovery shape,
previous injury history, asymmetries, and deficiencies. It is also advisable to consider the
specific on-court movement needs, under the
direction of coaches, as well as the following
characteristics:
–– Designation or playing position: small or
big, and/or guard, wing, or center
–– Status: development player, veteran
–– Role or rotation: first (starters), second, or
third unit
–– Minutes played: individual minutes played,
or players clustered by minutes played
• Moment of the season: For the purpose of
this chapter two periods are discussed: in-
season (competitive season) and off-season
(recovery from previous season and/or
preparing for next season; might include other
competitions and/or playing commitments).
• Levels of specificity, strength needs, and
movement content
Once the information required in the previous sections has been collected, we can begin
to design the programs and their contents. At
this stage, we suggest considering: (i) the lev-
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els of specificity [7], (ii) the strength needs,
(iii) the abilities, actions, and movements, and
(iv) the typology of exercises and its
combinations.
–– L1 and L2: it is necessary to work toward
an optimal activation of the muscles and
execution of basic movement patterns.
These levels include proprioception and balance, neuromuscular control, dynamic flexibility, ROM, static and dynamic muscle
exercises, addressing imbalances and asymmetries. In addition, contents should ensure
a proper execution of exercises with regard
to ankle–knee–hip–trunk motions in different planes and axes. Once minimums are
guaranteed, progress must be made toward
actions and abilities closely related to basketball contents and movements at specific
(higher) speeds.
The resistance training goals in this level
will depend on the players’ needs ranging
from endurance/maintenance to maximal
dynamic strength, from optimal neuromuscular power to velocity and/or movement
speed (SSC elastic, reactive). There is also
the possibility to combine different strength
goals, depending on a specific need for different, abilities, movements, and/or actions.
–– L2 and L3: the contents are sport-specific.
The focus of sport-specific training is
“transfer” to sport movements; therefore,
the abilities, actions, and movements in
these levels should replicate specific movement patterns and skills. Emphasis is
placed on speed-agility, quickness, ballistic
and plyometric training, coordination, and
locomotion. L2 is performed between the
weight room and the court, while L3
implies movements on the court, which are
basketball-specific (see Fig. 61.1 for
offense and defense abilities, movements,
and actions). It is recommended not only to
perform the perfect movement patterns
(proper form), but exploring its limits too,
introducing perturbations implied in the
specific context of the sport.

L. T. Ronda and F. Cuzzolin

The resistance training goals are therefore focused on velocity and/or movement
speed (SSC elastic, reactive), and neuromuscular skills. Minimize the impact of
potential asymmetries due to the specificity
(e.g., drills performed full court, at game
pace) and the competition, as well as injury
reduction orientation contents should be
guaranteed in these levels too.
–– L4 and L5: the main goal is to improve
game performance, based on small-sided
games and scrimmage. These stages are
usually run by the coaching staff. A priori,
the practice is not designed to specifically
work on strength, neuromuscular power,
speed, and so on; however, the inherent
nature of these tasks imply that a neuromuscular load occurs. On the one hand,
this will serve to improve or maintain the
required levels of these abilities, and on the
other hand, it will be critical to monitor the
loads to adjust the rest of the physical work
contents.
Strength training and injury reduction contents pursue the objective to enhance the quality
of athletic movements, especially if specific
transfer is expected to occur. Hence, strength and
injury reduction training is a must to account for
the complexity of the contextual movement patterns. Oversimplification of such patterns in
strength training, such as training muscles in isolation or isolated of joint ranges of motion, is
unlikely to be of much use [8], unless there is a
need to address a specific deficiency during a certain period of time. Injury reduction training can
also be directed toward dynamic stabilization and
might allow exploration of movement variables
related to the specific gesture.
Finally, it is important to remember that what
works for one individual may not work for
another (individualization), and what works for
an individual today may not work in the same
way for the same individual a year from now
(periodization), particularly in experienced athletes [8].
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61.6

Designing the Session
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The sequence of the primary exercises in a circuit can be based on the basketball movement
In a multidisciplinary and integrative program, categories (i.e., offense or defense actions), or the
the strength session incorporates elements from generic movement contents (i.e., moves, jumps,
different areas of the program, including and contacts), and a specificity-based progresstrength–power–speed goals (based on proper sion, from general movement patterns (e.g., L1:
assessments), injury prevention/reduction goals squat and lunges) to more specific abilities and
(which might include recommendations coming actions (e.g., L2: side-steps, jumps, and CoD
from the medical staff), or basketball movement drills) [7] (Fig. 61.2b).
needs (ideally discussed with coaches).
During the competitive period, the number of
Greater levels of potentiation are generally strength sessions per week will vary depending
observed with multiple sets of moderate- to high- on multiple factors, including player’s age, role,
intensity exercises interposed with low- to minutes played, number of games per week,
moderate-
intensity exercises, allowing enough back-to-back games, and others. A strength stimtime for recovery from the primary exercise [9], ulus performed twice a week may allow for
also known as complex training (combination of maintaining levels of strength [12], but it is
two or more exercises in supersets). Thus, we important to consider the factors around a player.
propose to organize the contents of the session in For example, even one session a week (every
sequences of exercises, according to specificity, 5–7 days) for a basketball player who is playing
stimulus requirements, and physiological high minutes per game in a congested schedule
responses, which at the same time provides a could be enough to prevent decreases in strength
time-efficient workout. These sequences of exer- levels. Despite a lack of time, to keep the conticises, or circuits, include two types of exercises: nuity of training and to avoid unnecessary acute
(i) primary and (ii) secondary exercises (compen- fatigue, it is advantageous to design sessions that
satory or complementary to the primary exercise) last 20–30 min. Under this scenario, when only
[7]. The ratio between primary and secondary one or two strength sessions per week can be
exercises will depend on the desired net balance guaranteed, we highly recommend designing a
between fatigue and potentiation. The balance program for strength maintenance that can be
required is based on physical and physiological performed daily, before practices or games, as a
responses, recovery intervals between primary preparation for both motor control activation and
exercises, or qualities such as post-activation psychological purposes.
potentiation (PAP) (Fig. 61.2). Sequences with
The strength training workout is rarely a
shorter rest intervals (e.g., 30–60 s) produce a standalone practice, and it is often combined
greater fatigue than the sequences with longer rest with individual workouts such as shooting, indiintervals [10]. For this reason, a period from 90 s vidual skills, or team practice sessions. Strength
to 2 min between primary exercises might ensure training can be performed before the basketball
a proper recover. Although, the ideal rest period practice (skills, shooting, or team practice),
between sets for multi-joint and single-joint exer- where it can favor the nervous stimulus activacise is still controversial, the main responses from tion to create benefits for technical coordination.
strength training, metabolic and neural, have to be Strength training can also be performed after the
kept clearly separated to better understand the basketball practice (if the priority is the developassociated phenomena as well as the pursuit of the ment of skills on the court or avoid situations of
optimal rest period length to achieve different pre-fatigue), or even before or after games. The
training goals. Regarding the number of repeti- time of day to perform the strength session might
tions, there is evidence that the specific number of also depend on other factors including the way
repetitions (e.g., 3–5 vs. 8–10) or time-under-load the basketball organization operates, the culture
(e.g., 30 s vs. 90 s) impacts athlete strength/opti- of the team, or players and/or coaches’
mal mechanical power [1, 11].
preferences.
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Fig. 61.2 (a) Work-to-rest ratio between potentiation
and fatigue when using primary and secondary (complementary/compensatory) exercises, and the predominantly expressions of strength associated to them. (b)
Examples of sequences of primary and secondary exer-

cises and progressions of specificity. MDS maximal
dynamic strength, RFD rate of force development, OP
optimal mechanical power, HV high-velocity movements, SSC stretch-shortening cycle capabilities, LB
lower body, UB upper body

61.7

When designing the exercises, strength coaches
should consider what influences the on-court
movements:

Defining the Exercises:
Typology, Parameters,
and Its Combinations

Most on-court movements (see Fig. 61.1)
require players to produce force under different
conditions; unilaterally in unpredictable and
variable contexts with emphasis on the application of multi-vector forces (anterior/lateral/posterior) and multidirectional movements [13].

• the environment: e.g., the size of resistance,
more or less stable, and/or the direction and
stability of the surface.
• the movement (task): e.g., movement patterns,
body area, laterality, planes and axes, difficulty, type of resistance, and/or enforcement.
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• the individual performing the movement: e.g.,
different levels of fatigue and neuromuscular
control.
The authors of this chapter propose to design
and/or select the exercises defined by the parameters laid out in Fig. 61.3.
Following the principle of specificity and considering the strength goals and the players’ needs,
we can design myriads of exercises to reach the
optimal movement performance. In addition to
the exercises following the conventional paradigm (e.g., classified by the body area, performing repetitive concentric, bilateral, vertical/
horizontal, and controlled movements), which
will be appropriate and convenient at certain
times, the inclusion of exercises containing unilateral stances and movements, executed in different planes and axes, under some degree of
uncertainty (i.e., perturbations), with eccentric
emphasis [13], would be desired.
It has been proposed that the similarity of the
movement with the sporting movements (i.e.,

Body area

Movement patters
Hip-knee

Full body

(squat, lunge, bend)

Lower body
Upper body
Core/truck

Push
Pull
Diagonal
Combinations

Type of resistance

Constant
Variable
Accommodated

basketball movements performed during competition), and therefore the value of the specificity
of the strength exercise can be determined by
analyzing five categories of specificity [8]:
• Similarity in the inner structure of the movement: (i) intramuscular (coordination within a
muscle), and (ii) intermuscular (cooperation
between different movements)
• Similarity in the outer structure of the movement (similar execution of joints)
• Similarity in the energy production
• Similarity in sensory patterns: (i) when monitoring the environment, and (ii) when monitoring the body (proprioception)
• Similarity in the intention of the movement
Exercises will not always be similar to the
sporting movements in every category, but these
categories can serve as a reference for progressions when designing or selecting exercises, and
for the selection of the most appropriate exercises
for each moment and need.
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Fig. 61.3 Parameters to consider when classifying, selecting, or designing the exercises
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Table 61.1 Examples of fundamental exercises according to the body area, the movement category, and laterality,
performed with body weight, bands cables, barbells, and dumbbells
Exercise type
Full body
Lower body

Movement
category
Hybrid
Knee dominant
Hip dominant

Upper body

Vertical push

Bilateral
Snatch, clean, jerk, hang pull
Back squat, front squat
Deadlift, Romanian deadlift,
good morning
Standing press

Vertical pull

Chin-ups, pull-ups

Horizontal
push

Bench press flat, bench incline
press, push-ups, standing press

Core

Horizontal pull Row (kneeling, seated,
standing), lying row, reverse/
inverted row, pullover,
pull-down
Abdominal
Sit-ups, dead bug
dominant
Flexion/
Planks, sit–ups
extension
Landmine, plate series
Rotational
(anti-rotation)

BB
DB/BB
DB/BB

Unilateral
Snatch, clean
Single leg squat, Bulgarians
Step-up, lunge, split squat

DB/BB/ Single arm press
cable
Single arm pulls
DB/BB/ Single arm: bench press flat,
cable
bench incline press, standing
press
DB/BB/ Single arm: row (kneeling,
cable
seated, standing), one-arm
rotational row

DB
DB/BB
DB/BB
DB/
cable
DB/
cable
DB/
cable
DB/
cable

Sit-ups
Lateral planks
Pallof variations, chop
variations, landmine

Cable

DB dumbbell, BB barbell

Furthermore, we have to contemplate the type
of resistance to maximize the objectives of the
exercise. Resistance can be classified into the following three different categories [14]:
• Constant: the resistance is mainly influenced
by gravity (e.g., free weights)
• Accommodating: the resistance changes
depending on the position within the ROM
(e.g., rubber bands, pneumatic resistance, or
cam lever-based equipment)
• Variable: the resistance is dependent on velocity, force/torque, or acceleration (e.g., isokinetic or robotic engine)
Considering the evident need of neuromuscular power, coordination, and stability, equipment
such as dumbbells, barbells, kettlebells, bands,
medicine balls, slam balls, suspension training
kits, hydro balls and aqua bags, cables and cross
cables,
jump
boxes,
and
eccentric
overload-multidirectional training equipment are
important pieces for a complete training experience (Table 61.1).

Fact Boxes

• The main goal of a strength program,
and especially at a high-performance
level, is to provide the optimal conditions to allow the players to achieve,
maintain, or enhance the proper performance of functional movements significant for basketball.
• Basketball coaches tend to divide
basketball movements into two categories, offense and defense, each of them
possessing certain particularities.
Understanding these abilities and
actions will facilitate in designing of
tasks and the choice of exercises.
• A program that works for one individual
might not work for another, and what
works for an individual today might not
work in the same way a year from now,
particularly in experienced athletes.
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Take Home Message

• Specific training of sports demands produces greater improvements in performance, and therefore drills and
movements in (team) sports should replicate game conditions allowing to
enhance maximal transfer to skilled
performance.
• A strength program should be designed
based on the player’s characteristics,
profile and needs, as well as the levels of
specificity, the strength goals, the
abilities-actions-movements required in
basketball, and other parameters related
to the typology of exercises and its
combinations.
• Designing the sessions according to
sequences of exercises, or circuits,
including and combining primary and
secondary exercises (compensatory or
complementary to the primary exercise)
provides a time-efficient workout.
• When designing the exercises, strength
coaches should consider what influences the on-field movements, the constraints associated with human
movement (i.e., the task, the environment, and the individual) follow the
principle of specificity, consider the
strength goals and the players’ needs.
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and FIBA Rules and Major
Competition Aspects (Euro, WC,
and Olympics)
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62.1

Introduction

Periodization for team sports is somewhat a process of reverse engineering that starts considering
different factors such as the following [1]:
1. amount and density of games already planned
for the competition;
2. length of the competition, from just few weeks
like during national team activities, to
8–9 months, like for some of the main domestic leagues;
3. how much time and the number of practices
that can be used before the beginning of the
competition, if the number of weeks for the
training camp can be freely decided from the
coaching staff or there are, like in NBA or
NCAA, restrictions;
4. players’ trainability;
5. team history; player’s experience with each
other, experience of the coaching staff, and
team’s experience in the competition.
These are just the main variables to take into
consideration, and the aim of this chapter is not to
be exhaustive on this topic but to provide as much
information possible to clarify the complexity
F. Cuzzolin (*)
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Technogym Scientific Department, University
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and sometime the amount of compromises that
has to be taken from the coaching staff.

62.2

Game Rules

The International Basketball Federation (FIBA)
is an association of national organizations
which governs the sport of basketball worldwide. FIBA defines the rules of basketball,
specifies the equipment and facilities required,
organizes international competitions, regulates
the transfer of athletes across countries, and
controls the appointment of international referees. A total of 213 national federations are now
members, organized since 1989 into five zones:
Africa, Americas, Asia, Europe, and Oceania.
FIBA organizes all the competitions between
national teams, including the World Cup and
Olympics.
According to the FIBA rules, the game of basketball is played with two teams of 12 players,
with a maximum of 5 players of each team on
the court at any time. Teams may make as many
substitutions as they like. Games are divided into
two halves, each half consisting of 10-min quarters, with a 2-min break between the quarters and
a 15-min at the half time. The clock runs whenever the ball is in play.
The clock is stopped whenever the ball goes
out of bounds, a foul is called, free throws are
being shot, and during time outs. When the ball
is inbound, the clock starts once a player touches
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the ball. In contrast, NBA games consist of four
12-min quarters, making the total game longer by
8 min. NCAA college basketball changed the rules
in 2015–2016 from 10-min quarters to 20-min
halves [2], and in order to speed up the game and
to prevent teams from stalling, a shot clock was
added. The shot clock determines how long you
have to shoot the ball. If the ball changes possession or hits the rim of the basket, the shot clock
starts over. The length of the shot clock is different
for different basketball leagues; the NBA has had
a 24-s limit since 1954, FIBA switched from 30 to
24 s in 2000. The Women’s National Basketball
Association (WNBA) switched from 30 to 24 s
in 2006. Only NCAA basketball has retained the
30-s shot clock since the 1970–1971 season for
women and the 2015–2016 season for men [3].

62.3

European Leagues

In Europe, there are some countries where teams
play domestic leagues, like Spain, France, Italy,
Germany, Greek, Israel, and Turkey, and in others
where some teams prefer to compete in regional
leagues. The two regional leagues are the ABA
League (Adriatic Basketball Association)
with teams from Slovenia, Croatia, Serbia,
Montenegro, Bosnia and Herzegovina, and the
VTB United League for mainly Russian teams
and few others from Kazakhstan, Estonia, Latvia,
Poland, and Belorussia.
The EuroLeague, involving 18 top teams
in Europe, can be considered a real European
Championship for clubs. There are 11 top teams
that have been chosen as licensed clubs, long term
licenses; 5 spots are given to associated clubs with
an annual licence (for Adriatic, Germany, VTB
United League, Spain and Eurocup Champion);
2 for two-years wild cards.

FIBA’s Basketball Champions League, which
began in 2016, is a competition at rival level with
the EuroLeague. Initially, FIBA had intended
to take over the running of the EuroLeague, but
this was rejected by the clubs involved, so FIBA
began its own rival competition. The Champions
League involves 32 teams each year; to date clubs
from over 20 countries have taken part.
There are two more competitions in Europe
to consider, the Euro Cup and the FIBA Europe
Cup, widely regarded as the third- and fourth-tier
European professional basketball competition
for clubs. Thus, the competition demand for a
European team can be very different, considering, not just the amount of games (if a team is
participating in EuroLeague in addition to their
domestic league), but also the density of games.
Further, the schedule can change such as during
League Cup or Playoffs. This is why the amount
of time spent in traveling, quality of traveling, if
the team that is traveling commercial is having
exit row seats and priority lanes or better if the
team is flying business or with a charter flight,
can add or take away a huge amount of time that
could be spent in training the teams for a proper
and consistent performance or to apply all the
most beneficial procedures to improve their quality of recover and probably to reduce the amount
of injuries which are afflicting basketball at this
level.
Without reaching any final, the team in
Table 62.1 has played 80 official games in about
9.5 months, and if we consider that some of their
players play also for their national team, this
number can easily increase.
Like we can see the number of games per
week change considering the different moment
of the year and from the results obtained. This
is why for a basketball team, a nonlinear training
periodization, which consists of varying patterns

Table 62.1 Example of season schedule for a EuroLeague team playing Italian league
Phase
Preseason
Competitive season
Playoffs
Off-season

Duration
7 weeks
8 months
3 weeks
2.5 months

Games played
11
69
8
–

Games per week
2/4 weeks–3/1 week
1/11 weeks–2/15 weeks–3/8 weeks–4/1 week
1/1 week–3/1 week–4/1 week
–

Average games
per week
1.5
1.9
2.6
–
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of training, involving exercise selection, volume,
and intensity, can be considered more appropriate
during the competitive season [4]. Training load
management and an effective recovery planning
in addition to a proper distribution of minutes
played between players are fundamental goals
for the whole coaching and the physical/medical staff to prepare the teams to be ready for this
competitive demand.

62.4

National Basketball
Association (NBA)

The NBA is a men’s professional basketball
league in North America, composed of 30 teams
(29 in the United States and 1 in Canada), and
it is widely considered the most spectacular
professional basketball league in the world. Its
organization to cover such a great number of
games in spite of the distances between teams
and traveling so frequently in different time
zones is very impressive. The NBA’s regular
season runs from October to April, with each
team playing 82 games, its playoffs extend into
June. The NBA is an active member of USA
Basketball (USAB), which is recognized by
FIBA as the national governing body for basketball in the United States. The current league
organization divides 30 teams into 2 conferences
of 3 divisions with 5 teams each. Reflecting the
population distribution of the United States and
Canada as a whole, most teams are in the eastern
half of the country: 13 teams are in the Eastern
Time Zone, 9 in the Central, 3 in the Mountain,
and 5 in the Pacific.
Comparing the information highlighted in
Tables 62.1 and 62.2, the main difference is for
sure game density. An average of 3.4 games
per week over 6 months from 30 teams is very
demanding, and it takes great organization to
cover and facilitate all the players’ needs to be
part of this competition.
Basketball is a team sport, but with different level of participation above all between the
starters and backup players. For this reason training load has to be individualized to get the best
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Table 62.2 Example of season 2018/2019 schedule for
an NBA team
Games Games per
played week
4
2 weeks/2
games
6 months
82
4/1–8/2–
10/3–8/4
2 months
16–28 3/2–5/3–
1/4
8 months
Max
–
110
3–4 months –
–

Phase
Duration
Preseason 2 weeks

Average
2

Regular
season
Play offs/
finals
Full
season
Off-
season

3.4
3.1
–
–

results. Staff and players have to be participated
actively to codesign these procedures.
NBA players are the world’s best-paid athletes by average annual salary per player [5],
many of them have other professionals working
for them and supporting any decision. Players
are not just actors, but directors of their own
performance, image, and business. This is why,
from my personal experience, it is very important to share as much information as possible
between the player, his personal staff, and the
team staff.
What the player is doing during the off-
season, where he is practicing, for how long,
with which goal? Is he doing everything possible at the best the quality necessary to be in
a good shape for the beginning of the training
camp? Which kind of exercises and treatments
should he continue during the season? Is there
any kind of information that can be useful to
manage the player from one staff to another or
from one team to another?
NBA Team Staff work now to be proactive, to
foresee players’ problems not just to solve them.
They know how important any marginal gain
about their players is, for a such demanding season. Any stop of a player, also for few days, costs
many missing games. The pressure of the schedule that is running frantically does not help them
to act always in the best way, so anything that can
be done before to avoid any kind of player forced
stop has to be taken under consideration.
It is firmly impossible to predict any type of
injury, but helping players to improve their train-
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ability (capable of being trained consistently)
and readiness to perform is a goal on which a lot
of work can still be done from science, in terms
of providing the right indications, and from the
team staff, in terms of applying and verifying the
effectiveness of new procedures.
Table 62.3 [6] shows the number of games lost
and the economic impact due to injuries, without considering how missing a player can impact
team results. There is no doubt how important a
clear strategy for load monitoring, management,
and recovery procedures is. Age, initial training status, training history, typology of training,
injuries history, recovery potential, psychology,
stress tolerance, just to mention the main ones,
can affect a player’s trainability and performance.
Now with microtechnology, many information can be provided about players’ external and
internal load.
Heart rate monitoring have more precise new
interpretations, like TRIMP (training impulse)
[7] or the SHRZ (summated heart rate zone) [8].
RPE session [9] for the perception of effort can
be very useful and easily done. Questionnaires to
track sleeping quality, muscular soreness, nutrition, or more objective evaluations of biomarkers
to understand physical conditions are now accessible to almost everyone.
New digital platforms are becoming not
only repository of all the information but using
machine learning to forecast some status, they
can provide interesting indications to staff and
players than in the past.
For sure, in some fields technology and science have increased the ability to be effective;
however, in sport the human factor remains
important. How managers, coaches, staff, and
players work together reflects the spirit of the
team as well as influences performance.
Table 62.3 Cumulative injured list by injury type, top
five results from 2018
Reason Players Games
Knee
99
1183
Ankle
121
870
Foot
34
477
Groin
26
175
Shoulder 21
257

Cash earned while injured
$152,233,091
$71,846,122
$43,301,272
$27,114,602
$26,802,609

62.5

FIBA World Cup

The FIBA World Cup is a 32-team tournament
for national basketball teams. The tournament
also acts as a qualification for the following
Summer Olympics. The top two teams from
the Americas and Europe and the top team
from Africa, Asia, and Oceania, alongside the
host country’s team, qualify for the Olympic
Games. The tournament is played in three
stages. During the first stage, the 32 qualified
teams are sorted into 8 groups of 4 (A–H), with
each team playing the other 3 teams once. The
top two teams from each group advance to the
second group stage. In the second group stage,
there are four groups of four (I–L) made up of
the teams that advanced from the first round,
again playing each other once. The top two
teams from groups I to L qualify for the final
knockout phase. In total, 108 games are played
over a total of 16 days [10]. From the first stage
in this tournament, the density of games is
very high. Teams start playing three games in
5 days and to reach the final game play eight
games in 15 days. The competitive demand
for a national team tournament like the World
Cup and the Olympic Games is the hardest for
a basketball team. Preparing a team at this level
of performance is not work that can start just a
few weeks before the first game. Many federations have built organizations that work year-
round to follow their players, to communicate
with player’s clubs and staff, and to be available
any time that any problem appears, because the
first goal for a national team player is to finish
the club season and be ready for national team
duties healthy. Top basketball players play in
NBA, in EuroLeague Teams, or in teams with
very intense seasons. For them, being able to
start the off-season without main issues to take
care about and spend some time to regenerate,
physically and mentally, it is very important
before approaching to an intense summer with
their National Team. Most of these elite players
prefer to split their individual physical program
with some periods of vacation than long periods
of stop. There is some evidence from football
[11] that injury incidence does not change in
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the weeks following national team duties, and
that the injury rate is comparable regardless of
if players participate on the national team or
not. However, it is very difficult and delicate
to manage players that come back from this
type of effort like the World Cup. Players have
to join their teams that are already in training camp or playing preseason tournaments.
Players are trying to work hard to prepare for
their upcoming season and may feel mentally
and physically empty; looking to recharge their
batteries as fast as possible. Once again, there
is not a crystal ball that can predict injuries, but
there is significant value in transparent communication. Sharing all the information that
is necessary to help the player rejoin the team
will help them to understand how fundamental
training is to preserve their health and performance. Many national teams prepare for high
levels of competition, like the World Cup, using
the following:
1.

2.

3.

4.

5.

6.
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dures can be applied; from the nutrition plan
to treatments and therapies.
7. Training load management is very important
in such an intense working period. Load management helps coaches to optimize their practices and helps players arrive at the tournament
in the best shape possible.
8. At the end of the tournament help players to
rejoin their club teams, providing information
to the clubs that can be useful to facilitate their
management and prepare for the upcoming
season.

62.6

Olympic Games

The Olympic Games are the most prestigious
competition to attend for an athlete of any sport.
The tournament is very exclusive, in contrast
to the FIBA World Cup, only 12 teams qualify
[12]. The tournament starts with two groups of
six, with each team playing five games. The top
Staff follow national team players during 4 teams from each group advance to the knock
their season with the club to share informa- out stages, where winning teams advance to play
tion and procedures that can be helpful for a maximum of three more games. Comparing
the FIBA World Cup and the Olympic Games,
both sides;
When a players’ club season is over, national game density is exactly the same, eight games in
team staff meet the player for a physical 15 days of tournament. The difference between
screening and to discuss their status, provid- the two tournaments is that at the Olympics all of
ing suggestions on how to personalize their the games are played in the same arena. Thus, to
fit all the games in, games may happen at uncomoff-season activities;
National team coaches and trainers support mon times for a basketball game, like 9 am or
players, when necessary, to optimize their off- 10.15 pm. The schedule is a variable that has to
be taken into consideration when preparing the
season program;
Preparation period before the tournament, team to compete. The game schedule will deter5–6 weeks the most, with players that start mine the whole day, from the wakeup call, to
generally with a good status of physical health what kind of breakfast and when, departure to the
and if possible ready to be trained without arena, preparation to the game, the kind of warmup, the after game meal, treatments, meetings,
restrictions.
Inside the team’s periodization, a strategic and all details have to be properly organized to
schedule of tournaments against other national support players to perform and have to be veriteams is built. The goal of these games is to fied ahead of time. Another unusual aspect of the
get as close as possible to reproducing the Olympics is that during the tournament players
same games density that they will find during and staff live at the Olympic Village where it is
not easy to optimize time and all the procedures
the World Cup.
Verify the response of the players to the com- decided. In spite of everything, it is an amazing
petitive demands and how recovery proce- experience.
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Fact Boxes

• Training periodization for basketball, to
be effective, has to consider all the variables that influence players’ performance. The model that can be created
could be very specific to the competition
demands and not easily replicable in
others.
• The number of games that an elite basketball player plays in a competitive
season is very impressive and proportional to his/her level of ability. Having
a clear strategy to how to manage training, for team or individual needs and
recovery, has become necessary to
reduce injuries and to maintain the best
performance.
• Continuously improving training load
management, well-being, and recovery
procedures are fundamental factors to
sustain a very demanding season like in
NBA.
• To prepare a National Team for a FIBA
World Cup or the Olympics, it is advisable to start following national team
players at least the season before within
their club, to optimize all the summer
activities they should follow to start the
preparation period in the best way
possible.

Take Home Message

• Professional Basketball is very demanding not only for the physical intensity or
the technical and tactical spectacularity
reached during the game but also for the
amount and density of games that some
competitions are scheduling. This offering is absolutely positive, mainly for
business reason, to keep alive the interest of fans and sponsors is bringing for
sure many investments and conse-

F. Cuzzolin

quently better players. This is why they
have to prepare themselves properly to
perform at this level of demand.
• Analyzing all the peculiarities of each
competition at the highest level of this
sport can help to understand which kind
of strategies can be useful to players to
prepare themselves for long and intense
seasons or for short periods, like during
the NT tournaments, where teams play
almost every single day. A great contribution in terms of procedures to improve
team sports planning is coming from
sport science and technology. Many
team staff are working to transform theory in practice, creating effective working methods to optimize players’
performance.
• Being focus on trying to reduce the risk
of injuries, and it comes only from a
holistic approach. There are many variables that can influence, statistically,
this risk, and we have to consider as
many as possible. A basketball player,
like any human being, has to react to
many stressful agents, and just few of
them come from playing basketball. Just
monitoring players daily with some
basic indicators like sleeping quality,
morning muscular soreness, fatigue perception, general stress level, or any
feedback that could be relevant can
define a general status of readiness to
practice, helpful to match with all the
other information available.
• Helping players to improve and being
able to keep a consistent high level of
performance that for them mean to foster their career potential are the main
goals for any basketball staff at any
level. Collecting as many information as
possible to influence decisions became
easier nowadays, but how we use all this
data and how we roll them out depends
only on human factors.
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Post-Exercise Recovery Strategies
in Basketball: Practical
Applications Based on Scientific
Evidence
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Thomas Huyghe, Julio Calleja-Gonzalez,
and Nicolás Terrados

Chapter Objectives

1. Describe up-to-date evidence-based
methods to optimize player recovery
specifically following basketball competition and/or practice(s);
2. Provide primary and secondary postexercise recovery protocols applicable
to an elite basketball setting;
3. Highlight novel post-exercise recovery
strategies in elite basketball with suggestions for future research.

63.1

Introduction

Basketball is the second most popular sport in the
world with over 450 million athletes regularly playing the game either on a competitive or recreational
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level in 213 countries [1]. During the last decade,
elite basketball has become more competitive, with
increasingly condensed game schedules. Top players must deal with many national and international
championships, with on average a game played
every 2.5 days [2]. In addition, the new rules
introduced in 2000 by Federation International
Basketball Association (FIBA) had a profound
effect on the game. In particular, the game became
more dynamic as the shot clock was reduced from
30 seconds 24 seconds, and the time allowed to
cross half court was reduced from 10 seconds to
8 seconds. Consequently, a greater total time is
spent in high-intensity activities and a greater
number of actions take place per game [3, 4]. In
addition, to successfully cope with ever increasing
demands, players regularly train intensively, with
not enough time to fully recover between sessions
[5]. Therefore, how to recover faster after basketball training and competition becomes a central
question [6].
Complete recovery (return to homeostasis)
has been shown to result in the restoration of
organic and psychological states [7]. Recovery
from competition or training is dependent on the
exercise, and it is thus essential to understand the
specific mechanisms of fatigue and influences
from external factors. The demands placed on
basketball players during practice and matches
are short, and explosive accelerations, decelerations, change of directions, jumps, and contacts
among players which could potentially create
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trauma [8]. Players are also typically characterized by a relative tall body and long limb length,
which in turn could influence their susceptibility to fatigue compared to smaller athletes [9].
Therefore, it is important to establish procedures
to reduce injury risk, aid recovery, and optimally
train basketball players [10], as these become
central questions in current basketball practice.
In the scientific literature, a considerable number of methods used to enhance recovery have been
discussed [11]. Their use depends on the type of
activity performed, the time until the next training
session or event and equipment, coaching, or medical staff available. The main recovery methods
practically used by teams include rest and sleep,
nutritional practices (CHO, proteins, fats, vitamins,
minerals), hydration practices, ergogenic aids,
cool-down strategies, phychological strategies, and
manual therapy techniques (Fig. 63.1). However,
there is a lack of consensus on the benefits of many
of these approaches in the scientific community.
While several reviews about recovery methods
have been published in other team sports, such
as soccer [12] and rugby [13], to our knowledge,
there has been no practical review or report about
recovery in basketball. Therefore, this chapter
will focus on specific recovery processes in basketball and will attempt to give practical information for coaches, clinicians, and practitioners.

63.2

Monitoring Post-Exercise
Fatigue

The recovery process in elite basketball may
take up to 48 h during regular practices and
games [48] and is challenging to manage
considering the multiple contextual factors
involved (e.g., travel direction, travel duration,
individual chronotype, activity type, playing
position, playing style, variation of total playing time, time distribution of playing time, and
physical qualities of the player). These variables together determine how players respond
to game load and play an important role in their
ability to recover from that load. Therefore,
monitoring the individual load from games and
practices in combination with markers of performance and fatigue (internal response) is crucial in elite basketball.
In order to prescribe recovery strategies customized to each player individually, both objective markers (e.g., blood parameters, salivary
biomarkers, heart rate parameters, sleep parameters, performance tests) and subjective markers (e.g., questionnaires, and conversations with
players) are used to monitor the time course of
recovery from basketball training and games. For
instance, the counter movement jump (CMJ) is
a commonly used neuromuscular performance

FATIGUE
MONITORING

SECONDARY RECOVERY STRATEGIES
ERGOGENIC AIDS

PRIMARY RECOVERY STRATEGIES

Substances or treatment that directly or
indirectly improve performance or removes
constraints of which may limit performance.

REST AND SLEEP
A state of mind and body in which the
eyes are closed, postural muscles
relaxed, and consciousness practically
suspended.

PHYSICAL STRATEGIES
Activities or modalities implemented after
intense activity to allow the body to gradually
transition to a resting or near-resting state.

NUTRITION
The nourishment or energy that is
obtained from food consumed.

MENTAL STRATEGIES
Mental processes used to calm the athletes
brain activity or to stimulate them.

HYDRATION
The supply and retention of adequate
water in biological tissues.

THERAPEUTIC INTERVENTIONS
RECOVERY

Fig. 63.1 Individualization of post-exercise recovery strategies in elite basketball

The use of skilled hand movements to
manipulate tissues of the body to restore
movement, alleviate pain, promote general
health, or induce relaxation.
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test which may serve as an indication of recovery throughout the course of a basketball season.
In particular, flight time:contraction time tends
to be a more sensitive measure of recovery compared to jump height [49]. Alternatively, a 10-m
sprint test may also be used where baseline values have been recorded 48 h after simulated basketball games [50]. However, despite the value
behind performance tests, players may return to
baseline performance levels while still not being
fully recovered. Therefore, performance tests
should be analyzed alongside biochemical markers in order to identify precise muscle damage in
each player. Common biochemical markers that
reflect muscle recovery include creatine kinase
(CK) and cortisol (C) which may take up to 72 h
to return to baseline levels, despite recovery of
physical performance after 48 h [48]. This slow
decrease in CK and C suggests that although
performance may already be at optimal pregame
values, the muscles may need significantly more
time to recover. Hence, high-performance practitioners should take this into consideration when
preparing players during specific phases of the
season (either allowing or avoiding cumulative
fatigue at that time).
Although “fatigue monitoring” is not the
prime emphasis of this chapter, high-performance
practitioners should be aware that the suggestions given regarding recovery within this chapter
should always be modified toward the individual
needs of each player as well as the situation at
hand in order to stimulate optimal adaptations
(Fig. 63.1).

63.3

Primary Post-exercise
Recovery Strategies
in Basketball

63.3.1 Rest and Sleep
The amount of sleep an athlete gets appears
to have a large impact on sports performance
through a variety of direct and indirect pathways
(e.g., immune system, mood, focus, motivation, reaction time, glucose metabolism, muscle
growth and repair, etc.) [43]. Mah et al. con-
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cluded that improvements in specific measures
of sprint time, shooting accuracy, and free throw
percentage occurred after sleep extension (minimum of 10 h of sleep with optional daytime napping), thus indicating that optimal sleep (8–10 h
of nocturnal sleep) is beneficial in allowing athletes to reach their peak athletic performance
[45]. In the last season after the lock-out in the
NBA, interviews with players revealed that they
were not doing much to compensate for the loss
of sleep and instead were feeling the effects of the
condensed season. This issue remains in today’s
NBA environment, perhaps due to frequent social
media usage, as late-night tweeting (between
11:00 pm and 7:00 am) 1 day prior to the game
has demonstrated to impair next-day game performance [51]. In particular, NBA players significantly spent 2 fewer minutes on the court,
shot 1.7% less accurate, as well as experienced
negative returns on total rebounds, points, fouls,
and turnovers following late-night tweeting [51].
An investigation conducted by Steenland and
Deddens (1997) analyzed the effect of travel and
rest on performance over 8.495 regular season
games (each team) in the NBA across eight seasons and found that more time between games
significantly improved performance [44]. This
finding was consistent throughout the 8-year
observation [44]. This suggests that the NBA
travel schedule induces misalignments in circadian rhythm that cannot be avoided. In order to
resynchronize the circadian rhythms of players,
it is recommended to apply blue light exposure in
the morning and red light exposure in the evening
[52, 53]. Other strategies may include the ingestion of a high-carbohydrate, low-protein meal in
the evening, which may enhance serotonin production to promote drowsiness and sleep [52], or
the ingestion of a high-protein, low-carbohydrate
meal in the morning, which may increase the
uptake of tyrosine and its conversion to adrenaline, which elevates arousal and promotes alertness [52] (Table 63.1). Recently, the consumption
of tryptophan-rich protein (e.g., milk) has gained
popularity as it induces changes in bedtime core
body temperature improving sleep quality [54,
55]. Furthermore, tart cherries have also been
suggested to enhance post-exercise recovery as
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Table 63.1 Practical recommendations to optimize post-exercise recovery in elite basketball players (primary
recovery)
Primary post-exercise recovery strategies
Rest and sleep
Nutrition
Carbohydrates (CHO) and proteins
Light exposure
∙ Include CHO in rehydration
∙ Avoid blue light exposure (e.g.,
beverages
late-night social media usage)
∙ Include rapidly absorbed CHO and
between 11:00 PM and 7:00 AM
hydrolyzed whey protein in recovery
[51]
drinks, using 3–4/1 ratio, being 1 g/
∙ Promote blue light exposure in the
kg the amount of the recommended
AM and red light exposure in the
CHO [15]
PM to facilitate optimal arousal
∙ During the season, CHO, maintain
levels and a stable circadian
protein and leucine intake (doses:
rhythm [52, 53]
0.3 g/kg of CHO, 0.2 g/kg of protein
∙ Consider body irradiation with red
and 0.01 g/kg of leucine) per day,
light to players experiencing
immediately after training or games
difficulties falling asleep [46]
[16]
Nutritional interventions
∙ During the season, maintain daily
∙ Consume a high-carbohydrate,
macronutrient ratio of amino acids
low-protein meal in the PM and a
(14.5%), proteins (12.7%), and CHO
high-protein, low-carbohydrate
(12.7%); however, individual needs
meal in the AM [52]
and differences should be taken into
∙ Promote tryptophan-rich protein
consideration before any
(e.g., milk) and melatonin-rich
prescriptions [17]
foods (e.g., 2× servings of 30 mL
Individualization
tart cherry concentrate) prior to
∙ Use blood or salivary to identify
bedtime [54, 55]
individual vitamin and mineral status
∙ Avoid alcohol, caffeine, or large
and individual needs throughout the
meal or fluid consumptions prior
season [64]
to bedtime [57]
Food selection
Education and Awareness
∙ Promote foods high in vitamins C,
∙ Facilitate opportunities for players
vitamins E, carotenoids, and
to learn about topics such as sleep
flavonoids [19, 22]
quality and quantity, time zone
∙ Promote magnesium-rich foods (e.g.,
shifts, travel fatigue, circadian
nuts, seeds, fatty fish, legumes, whole
rhythm, caffeine, alcohol,
grains)
napping, sleep apnea, and acute
∙ When inadequate Mg levels are
vs. chronic sleep deprivation
reported or when going through
Lifestyle Habits and Environment
intense periods, 400 Mg/day of mg,
∙ Maintain a regular sleep–wake
in the form of Mg lactate, may be
cycle/routine [45, 57]
considered as ergogenic aid [63]
∙ Ensure a comfortable, quiet, dark,
∙ Promote vitamin D-rich foods (e.g.,
and temperature-controlled
fatty fish) especially when sunlight
bedroom [57]
exposure is limited [61]
∙ Consider taking a warm bath to
∙ If inadequate vitamin D serum levels
lower core body temperature prior
are reported, vitamin D
to bed [57]
supplementation may be considered
∙ Design a “to-do” list or diary to
as ergogenic aid [58–60]
avoid over-thinking and manage
Nutrient timing
work-related stress [57]
∙ Refuel and rehydrate within 30 min
∙ Use relaxation/breathing
after exercise to help muscles recover
techniques after high-intensity
faster [16]
training sessions or games [57]
Education and Awareness
∙ Facilitate opportunities for players to
learn about topics such as food
choices, timing of meal consumption,
and short-term vs. long-term
unhealthy/healthy food choices

Hydration
Education and Awareness
∙ Facilitate opportunities for
players to learn about
euhydration, dehydration,
and monitoring hydration
status [17]
∙ Ensure consistent
beverage availability
throughout the day [17].
Individualization
∙ Monitor hydration status
in each player throughout
the day through their
thirst, changes in body
mass, and/or their urine
color [17]
Lifestyle Habits and Fluid
Selection
∙ Promote electrolyte-rich
foods and fluids including
sodium, potassium,
chloride, and magnesium
[69]
∙ Consider 2.5–3.0 L of
high-alkaline water during
high-intensity anaerobic
exercises [65]
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well as sleep due to its anti-inflammatory and
antioxidant properties as well as high concentrations of melatonin [54]. In particular, a recent
study investigated the effect of tart cherry juice
(2 × 30 mL concentrate) on sleep enhancement,
sleep duration, and sleep quality in healthy subjects in which the intervention group significantly
increased their total melatonin content, increased
time in bed (+24 min), increased total sleep
duration (+34 min), improved sleep efficiency
(82.3%), and reduced daytime napping (−22%)
[56]. Finally, recent research demonstrated the
effectiveness of body irradiation with red light
in improving the quality of sleep of elite female
players and offered a non-pharmacologic and
noninvasive therapy to prevent sleep disorders
after training [46] (Table 63.1). Nevertheless,
the effects of tryptophan-rich protein, tart cherry
consumptions, and other promising alternatives
(e.g., napping, sleep education, chrononutrition)
on sleep and recovery in elite basketball players
warrant further investigation, especially considering sleep disturbances may occur due to a
player’s unique lifestyle, and thus results derived
from sleep intervention studies in the general
population may be limited in their applicability
to elite basketball players [57] (Table 63.1).

63.3.2 Nutritional Strategies
63.3.2.1 Carbohydrates and Proteins
Carbohydrates should be included in rehydration
beverages to improve palatability and to aid in
the immediate restoration of muscle glycogen
stores [11]. From a nutritional point of view, basketball players use carbohydrates (CHO) as the
primary source of fuel during exercise, given the
type of training they perform and the characteristics of competition [4]. After a training session
or match, muscular stores of carbohydrate are
depleted, and thus consuming CHO and protein
during recovery has been shown to positively
affect subsequent exercise performance and
could be of benefit for athletes involved in multiple training or competition sessions on the same
or consecutive days [14]. The ideal combination
will be of rapidly absorbed CHO together with
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hydrolyzed whey protein, using 3–4/1 ratio, being
1 g/kg the amount of the recommended CHO
[15] (Table 63.1). Eating and drinking the right
kind of fuel after exercise is important for restoring energy levels and repairing muscle damage.
Refueling with CHO, protein, and fluid within
30 min after exercise will help muscles recover
faster. Within this context, it has been established
that consumption of macronutrients, particularly
CHO and possibly a small amount of proteins
and leucine (doses: 0.3 g/kg of CHO, 0.2 g/kg
of protein and 0.01 g/kg of leucine), in the early
recovery period after practice can enhance muscle glycogen resynthesis [16], per day during the
season (Table 63.1). For instance, in an analysis
on the daily consumption of dietary supplements
on 55 professional basketball players from seven
different teams of the First Spanish Basketball
League (ACB), 12.7% of players consumed on
average 10.3 g protein per day, 14.5% of players
consumed 1.9 g amino acids per day, and 12.7%
of players consumed 16.2 g carbohydrates per
day [17]. However, future studies should analyze
the ingestion of CHO in combination with protein in different dosages to determine which dose
will enhance recovery specifically for basketball
players.

63.3.2.2 Vitamins and Minerals
Oxidative stress occurs when the body does not
have enough capacity to defend itself against
free radicals. Reactive oxygen species are the
main source of oxidative stress and play a major
role in the initiation and progression of damage
to the muscle fibers after exercise [18]. Several
antioxidants have been introduced to protect the
cells from free radicals such as vitamins C and E,
carotenoids, and flavonoids [19].
Oxidative stress may be involved in the aging
process, cell damage, muscular fatigue, and overtraining [20], especially during maximal exercise
in basketball. Hence, playing competitive basketball may involve greater utilization of aerobic
metabolism than previously expected, with values of VO2 of 33.4–4.0 and 36.9–2.6 mL/kg/min
for females and males, respectively [21]. Within
this context, the consumption of vitamins C and
E may strengthen the antioxidant defense system
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by decreasing reactive oxygen species involved
in maximal- or high-intensity exercise [22].
Regarding the nutritional habits of players, it has
been shown that multivitamins were the most frequently used supplements among these athletes
(50.9%), followed by sport drinks (21.8%) [17].
Vitamin D serum levels has an impact on a
player’s overall health and ability to train (e.g.,
bone mass density, overall immune system, exercise-induced inflammation, stress fractures, muscle recovery, and athletic performance) [58–60].
Professional basketball players may be at higher
risk for hypovitaminosis D (vitamin D deficiency) after the season due to the amount of time
spent indoors and often lack of sunlight exposure
[61]. For instance, 57% (12 of 21) of professional
Spanish basketball players from the same team
were below the optimal standards serum vitamin
D levels (<50 nmol/L) after wintertime during
two consecutive seasons [61]. Another study confirmed these findings in players at the NBA combine (2009–2013) in which 79.3% (221 players)
appeared to be vitamin-D-deficient or insufficient
(<32 ng/mL) [60]. Consequently, adequate intake
of dietary vitamin D is recommended if elite basketball players are to avoid low serum vitamin
D, especially when sunlight exposure is limited.
For instance, an adequate consumption of fish
at least four times per week promotes the maintenance of a healthy status of vitamin D serum
levels (>60 ng/mL) in athletes [61]. If athletes
dislike fatty fish (or consume limited amounts),
ergogenic supplementation should be considered
to avoid vitamin D deficiency [61] (Table 63.1).
Magnesium (Mg) is another vital mineral
for the body’s function, specifically regarding
energy metabolism, transmembrane transport,
muscle relaxation and contraction [62]. Mg
tends to be of increased demand in elite athletes
[63]. Mg concentrations significantly decreased
over time in 12 elite basketball players competing in the Asociación de Clubs de Baloncesto
(Spanish highest professional basketball league)
who were tested four consecutive times throughout the season (8 weeks between each test) [63].
Furthermore, Mg concentrations significantly
dropped below the optimal norm at the third
test [63]. Consequently, player education and

awareness of magnesium-rich foods (e.g., nuts,
seeds, fatty fish, legumes, whole grains) should
be encouraged. During extremely intense periods (e.g., tournaments, playoffs), ergogenic
supplementation of 400 mg/day of Mg, in the
form of Mg lactate, may also be considered [63]
(Table 63.1).

63.3.3 Hydration
A frequent issue in elite basketball is the inadequate supply of water or other fluids both during
periods of rest or activity. For instance, in a study
by Osterberg (2009), 29 NBA players were tested
for urine specific fluid and gravity. Approximately
half of the players entered the game in a hypohydrated state [64]. Unfortunately, fluid intake
during the game did not compensate for poor
hydration status before games. Additionally, the
NBA players who participated in this study also
lost more than 2 L of sweat in approximately
20 min of game time [64]. In a study on fluid
intake habits of 55 elite basketball players competing in the Spanish Basketball League (ACB),
44% of the players recorded not to drink before
getting thirsty [17], which suggests the need for
player education and awareness on (re)hydration
throughout the day (Table 63.1).
A dehydration of 1–2% may negatively
impact focus, cognitive functions [65], reaction time [65], exercise tolerance [65], aerobic
endurance [66], and jumping performance [67].
Subsequently, this may progressively deteriorate the ability to complete basketball skills during games such as sprinting, defensive slides,
sprinting-defensive slides combination, repetitive jumping, and total number of shots [68].
Therefore, both pregame and in-game hydration
strategies (e.g., player education, beverage availability) should be encouraged (Table 63.1).
The hydration status of players can be monitored in a variety of ways such as their thirst,
changes in body mass, or their urine color.
However, once these variables have changed,
dehydration has already occurred, which means it
becomes too late to compensate for it. Therefore,
it is recommended to approach players’ fluid
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balance in a proactive manner throughout the
day. Furthermore, it is essential to acknowledge that sweat loss includes vital electrolytes
such as sodium, potassium, chloride, and magnesium [69]. Recently, high-alkaline water has
been suggested to promote faster rehydration as
well as delay muscular acidosis during anerobic
excercise, prevent dehydration, and speed up the
recovery process [65]. In particular, professional
basketball players who consumed high-alkaline
water during anaerobic activity showed a positive impact on their acid-base balance with a
significant increase in blood and urine pH which
in turn may lower concentration of free radicals
as well as the improvement of connective tissue
condition [65]. More specifically, the daily intake
of 2.5–3.0 L of highly alkalized water has been
suggested during strenuous basketball games or
practices [65] (Table 63.1).

63.4

Secondary Post-exercise
Recovery Methods
in Basketball

63.4.1 Ergogenic Aids
and Supplements
An ergogenic aid can be broadly defined as a
technique or substance used for the purpose of
enhancing performance.

63.4.1.1 Creatine
Since 1992, the interest in creatine (Cr) as a nutritional supplement has dramatically increased.
Over the past two decades, the main focus of
research has been on the ergogenic value of Cr
and its underlying mechanisms (resynthesis of
ATP) [23]. Creatine is a naturally occurring nutrient, consumed through food intake and synthesized in the body. In basketball, Shi et al. [24]
(2005) concluded that supplementation of CHO
and Cr could promote the recovery of physical performance, demonstrating its efficacy in
a sport like basketball characterized by highintensity efforts [24]. In this sense, data from
top-level Spanish players showed that low-dose
supplementation with Cr monohydrate did not
produce laboratory abnormalities for the major-
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ity of the health parameters during three competition seasons [25]. Besides the benefits of Cr on
physical performance in elite athletes, supplementation of Cr has also demonstrated to have
a positive impact on brain energy homeostasis
and improved cognitive function in athletes suggesting the need for a holistic approach to future
studies on creatine supplementation in elite basketball players [70]. According to a recent systematic review and meta-analysis on elite soccer
players, creatine supplementation with a Cr loading dose of 20–30 g/day, divided 3–4 times per
day, ingested for 6–7 days, and followed by 5 g/
day for 9 weeks or with a low dose of 3 mg/kg/
day for 14 days seem to be optimal for improving anaerobic performance [71] (Table 63.2).
Furthermore, the International Society of Sports
Nutrition (I.S.S.N.) supports a Cr loading dose
of approximately 0.3 g per kg per day for at least
3 days [72]. Consequently, although the existing
evidence behind the benefits of Cr, future studies
in elite basketball players are warranted to confirm optimal Cr dosing strategies.

 -Alanine and Sodium
β
Bicarbonate
β-alanine supplementation has become a common practice among different sports. Although
the mechanism by which chronic β-alanine supplementation could have an ergogenic effect is
widely debated, the popular view is that β-alanine
supplementation augments intramuscular carnosine content, leading to an increase in muscle
buffer capacity, a delay in the onset of muscular
fatigue, and a facilitated recovery during repeated
bouts of high-intensity exercise [26].
β-alanine supplementation has been shown
to improve high-intensity exercise performance
and capacity [27]. However, its effect on recovery is not clear, but some authors indicated that
β-alanine supplementation in highly-trained
athletes could be of importance [27]. However,
nowadays there is no scientific evidence about
the ergogenic effect of β-alanine in team sports
(including basketball). Among the most recent
investigations, the focus has been on the effect
of β-alanine supplementation and sodium bicarbonate on high-intensity efforts, but these studies
have been performed predominantly on endur63.4.1.2
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Table 63.2 Practical recommendations to optimize post-exercise recovery in elite basketball players (secondary
recovery)
Secondary post-exercise recovery strategies
Ergogenic aids
Cooldown strategies
Active recovery
Creatine
∙ Consider 7 min of low-intensity
monohydrate
exercise after strenuous exercise
∙ During intense
[13]
periods, consider
consumption of Stretching + massage
∙ Consider the combination of
20–30 g/day of
stretching + massage <2 h after
β-alanine (0.3 g
training or games [34]
per kg body
weight), divided Hydrotherapy
∙ Consider hydrotherapy as a
3–4 times per
recovery modality 24–72 h after
day, for
exercise; however, account for
6–7 days,
individual differences in
followed by 5 g/
physiological status, body mass
day for 9 weeks
and body composition [35]
or with a low
∙ Consider full-body cold-water
dose of 3 mg/kg/
immersion <5 min after practices
day for 14 days
or games, with 5 bouts of 2 min
[71]
immersions of the lower limbs in
Sodium bicarbonate
cold water (11.8 °C), separated by
∙ For highly
2 min rest in ambient air (sitting,
trained players,
room temperature of 20.8 °C).
consider
Add ice at regular intervals to
consumption of
maintain water temperature at
0.2 g kg−1 of
11 ± 0.78 °C [35, 36]
sodium
∙ Consider full-body contrast water
bicarbonate
therapy in which warm water
(NaHCO3) 90
(40–42 °C; 3 min) and cold water
and 60 min prior
(8 ± 1 °C; 1 min) are altered for a
to high-intensity
20-min period [76]
practices or
Compression clothing
games [73]
∙ Wear full-length or lower limb
compression garments and/or
medical-grade compression socks
during travel or rest periods;
however, customize garments to
individual size/fit and account for
differences in sensitivity to blood
flow changes [37, 38, 78]
Cryotherapy
∙ Consider cryotherapy for
2–4 min of extreme cold air
(−110° to −140 °C) during
strenuous periods of the year;
however, take into account the
increased sensitivity for athletes
with a relative low BMI [74, 79]

ance exercise [28]. Nevertheless, the results of
a recent study by Ansdell et al. revealed that
the supplementation of 0.2 g kg−1 of sodium
bicarbonate (NaHCO3) 90 and 60 min prior to
commencing a simulated basketball game may

Psychological strategies
Wellness and Recovery
Surveys
∙ Collect wellness
and RPE scores on
a daily basis to gain
specific insight into
psychological status
of each athlete [42]
Mental recovery breaks
∙ Use short rest
breaks between
training sessions as
an opportunity to
cultivate and
explore optimal
mental recovery
routines including:
  – Relaxation
techniques [83];
  – Breathing
techniques [83];
  – Mental imagery
[83];
  – Powernaps [83];
  – Debriefing [83];
  – Mental
detachment [83];
  – Restorative
environments
[83];
  – Music [ 83];
  – Caffeine [ 83]

Manual therapy
Acupuncture
∙ Consider acupuncture
stimulation after
strenuous exercise,
however, based on
personal preferences
[47]
Dry needling
∙ Consider dry
needling of the
fibularis muscles in
players with a history
in lateral ankle
sprains, however,
based on personal
preferences [85]
Massage
∙ Consider 10 min of
full-body effleurage
in a room with
temperature of
25–26 °C, however,
based on personal
preferences [87]

promote recovery through slowing down the
rate of post-game fatigue occurrence by protecting contractile elements of the muscle fibers
[73] (Table 63.2). Acknowledging the role of
β-alanine and NaHCO3, it could be interesting
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to further investigate the effects of these supplements in basketball since it is an intermittent
sport with a variety of multidirectional movements such as running, dribbling, and shuffling at
variable velocities and jumping [29].

63.4.2 Physical Recovery Strategies
Cooldown is a widely accepted practice after
training sessions, used to reduce heart rate back
to resting rate, stretch muscles, remove lactate
concentration, resynthesize high-energy phosphates, replenish oxygen in the blood, body fluid,
and myoglobin, and support the small energy
cost to sustain an elevated circulation and ventilation [30, 31] (Table 63.2). However, despite
being considered as essential for optimum performance, there is no investigation that has identified the optimum cooldown process in basketball.

63.4.2.1 Active Recovery
Although the dearth of scientific research, active
recovery may be beneficial for athletes through
enhanced blood flow in muscle tissue, which
facilitates the removal of metabolic waste, and
may contribute to a reduction in muscle lesions
and pain [74]. Active recovery may have a larger
effect on delayed onset muscle soreness (DOMS)
than perceived fatigue in athletes [74]. However,
the prescribed protocol seems play a role in the
impact of active recovery. For instance, after
a rugby contest, 1 h of low-intensity aquatic
exercise did not alter creatine kinase (CK) concentrations [75], but 7 min of low-intensity exercise enhanced CK clearance [13] (Table 63.2).
Considering the practicality of active recovery
for athletes [32], future investigations should further analyze the physiological and psychological
effect of this cooldown method, particularly in
elite basketball players.
63.4.2.2 Stretching
Post-event cooldown strategies relying on
stretching techniques should not be done with the
goal to drastically improve flexibility. Dynamic
stretching has gained popularity, due to a number
of studies showing an increase in high-intensity
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performance compared to static stretch modalities
[33]. However, post-competition, static stretching is not recommended as a way to improve
flexibility and reduce adhesions caused by physical activity [11]. In basketball, little research has
been reported about this concept, Delextrat et al.
2014 demonstrated that female basketball players
benefit slightly more from the combination treatment (massage + stretching) than men, and therefore this type of recovery intervention should be
adopted by physiotherapists especially in women’s teams within 2 h after training or matches,
in particular during tournaments where matches
are played daily [34] (Table 63.2). Both recovery procedures improved perceptions of overall
fatigue and leg soreness, with greater benefits of
the combination on leg soreness [34].

63.4.2.3 Hydrotherapy
One method gaining popularity as a means to
enhance post-game or post-training recovery is
immersion in cold water. Much of the literature
on water immersion as an intent to improve athletic recovery appears to be based on anecdotal
information, but it is suggested that this method
can improve recovery 24–72 h after exercise [35].
In this study, the cold-water immersion occurred
within 5 min of the completion of the match and
consisted of five 2 min intermittent immersions of
the lower limb (up to the iliac crest) in a cold-water
bath (11.8 °C), separated by 2 min rest in ambient
air (sitting, room temperature of 20.8 °C). Ice was
added to the bath at regular intervals to maintain
water temperature at 11 ± 0.78 °C (Table 63.2). In
basketball, few articles have analyzed the effect of
water immersion on recovery. They demonstrated
that it is more useful than massage in the recovery from basketball matches [36]. It has been
shown that a tournament elicited small to moderate impairments in physical performance, and that
cold-water immersion appears to promote better
restoration of physical measures, such as 20-m
acceleration, than CHO and stretching routines or
compression garments [8].
Contrast water therapy (CWT) or changing from cold to warm water immersion and/
or vice versa is another recovery method gaining popularity in recent years. This method has
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demonstrated to significantly reduce the perception of pain at 24, 48, and 72 h post-eccentric
exercise [74] due to peripheral vasoconstriction
and vasodilation as this reduces the formation of
edema after exercise, alters acute inflammatory
responses, and reduces blood CK concentrations,
suggesting less muscle damage [74]. In particular, altering warm water (40–42 °C; 3 min) and
cold water (8 ± 1 °C; 1 min) for a 20-min period
has demonstrated to improve recovery (specifically hematological and physical components)
compared to passive recovery in university-level
rugby players [76] (Table 63.2). However, future
studies are needed to identify the reliability of
this recovery protocol at various times throughout the season in elite basketball players.

63.4.2.4 Compression Garments
Compression garments are articles of clothing
such as socks or leggings that provide support.
For instance, small-to-moderate benefits of inflight compression socks have been reported on
systolic blood pressure, right calf girth, CMJ
height, mean velocity, and relative power in elite
volleyball players after long-haul travel, compared with a passive control group [86]. The utilization of compression garments has also been
adopted for athletes due to their potential benefits for physical performance and recovery [37].
Compression garments apply mechanical pressure to the body, and they compress and support
underlying tissues [38]. The garments can come
in varying degrees of compression and therefore
enhance recovery. In a recent systematic review
(with meta-analysis) conducted by MarquésJiménez et al., evidence concluded the benefits of
compression garments on exercise-induced muscle damage, specifically in reducing perceived
muscle soreness and swelling while improving neuromuscular power and strength [77].
Although controversy in optimal pressure, time
of treatment and type of garment to maximize
these benefits, Brown et al. suggested the largest benefits resulted from compression garments
applied 2–8 h and >24 h after strength training
sessions [78] (Table 63.2). Nevertheless, future
studies are warranted in basketball players participating in a variety of exercise modalities, dif-
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ferent recovery period lengths, length of applied
compression, amount of pressure applied, and
place of applied compression (upper limbs, lower
limbs, or whole body) in order to prescribe more
specific protocols to each player. Finally, individual differences in sensitivity to blood flow
changes may also impact the rate of recovery
when wearing compression garments [74].

63.4.2.5 Cryotherapy
Whole-body cryotherapy is an expensive recovery method which typically includes short
exposure (2–4 min) to extreme cold (−110° to
−140 °C) induced by air (Table 63.2). Due to
the numerous cryostimulation methods used by
researchers and practitioners, the impact of cryotherapy on DOMS and fatigue remain inconsistent. However, whole-body cryotherapy (WBC)
could reduce DOMS after an exposure of 3 min
at −140 and −195 °C in recreational participants
[79]. This cooldown method may also improve
muscle fatigue, pain, and well-being (DOMS and
self-perceived fatigue) [74] although the effects
on DOMS seem to occur shortly after exercise
(<6 h after exercise), while not after 24 h or later
[74], and multiple cryostimulation treatments are
required to experience positive benefits on recovery. Furthermore, in elite basketball players competing at the European Championship, 3 min of
cold exposure (at −130 °C) significantly improved
their mean thermal sensation score during partialbody cryostimulation (PBC) exposure in athletes
[80]. However, large inter-individual differences
were reported mainly due to differences in body
mass index (BMI) [80]. Although future studies
are needed on the effects of WBC and PBC on
recovery and sensation in elite basketball players,
a 3-min exposure seems to be well tolerated by
athletes in general, and may be most effective during the heaviest training or competition periods of
the year. In physically active men, 3-min WBC
in the evening after training has recently demonstrated to improve both objective and subjective
sleep quality, thus WBC may be considered for
that particular reason as well [81]. However, special attention should be given to female athletes
with a low BMI as they seem to be significantly
more sensitive to cold air exposure [80].
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63.4.3 Mental Recovery Strategies
To ensure that athletes maximize the benefits
from demanding training sessions and remain
robust enough to cope with multiple performances, it is vital that individual athletes have
the ability to recognize when and how they need
to recover. Burnout is defined as a state of mental,
emotional, and physical exhaustion brought on by
persistent devotion to a goal in which its achievement is dramatically opposed to reality [40].
Recently, it was demonstrated that an increase in
self-control could reduce negative anxiety effects
and improve player’s performance under pressure [41]. Furthermore, mental fatigue may play
a significant role in technical performance of
elite basketball players [82], suggesting the need
for a holistic approach to recovery encompassing
both physical and mental strategies.
Results from recent studies indicated that
session Ratings of Perceived Exertion (sRPE)
seems to be a viable tool in monitoring internal
load. These responses might help coaches to plan
appropriate loads, hence maximizing recovery
and performance [42]. Recently, short rest periods during the day (between subsequent training
sessions) have been suggested as vital opportunities for mental recovery interventions and may
help in assisting players to return to baseline levels of mental abilities (e.g., concentration, vigilance, attention) and restoration of mental energy
[83]. For instance, relaxation techniques (e.g.
yoga, meditation, and autogenic training), breathing techniques (e.g., pranayama), mental imagery
(e.g., focusing on the upcoming performance,
imagination of positive and confidence-boosting
atmospheres, positive self-talk, and goal-setting),
powernaps, debriefing (e.g., in-person posttraining and post-game evaluations, distancing
and reorientation from previous experiences and
feelings), mental detachment (e.g., disengaging
from work-related topics), restorative environments (e.g., immersion into natural settings such
as fascinating landscapes), post-exercise music
(e.g., slow and sedative music), and controlled
consumption of caffeine have all demonstrated to
serve as beneficial psychological recovery strategies in elite athletes [83] (Table 63.2). However,

809

basketball-specific research on mental recovery
strategies and their impact on player mental status is lacking.

63.4.4 Therapeutic Interventions
63.4.4.1 Acupuncture
Acupuncture is a recovery method used in traditional Chinese medicine for many years in which
thin needles are inserted into the body. Although
the scarcity of scientific research on this method
in elite basketball players, one interesting study
indicated the positive effects of acupuncture
stimulation (beginning 15 min prior to exercise
and ending after player exhaustion) on the recovery abilities of university basketball players [47].
In particular, 30 university basketball players
were randomly assigned to three groups: experiment group (acupuncture at the Neiguan (PC6)
and Zusanli (ST36) acupoints), sham group (acupuncture 1 cm away from the PC6 and ST36 acupoints), and control group (no acupuncture) while
heart rate (HRmax), oxygen consumption (VO2max),
and blood lactate concentration were recorded
in each group during the rest period and at 5-,
30- and 60-min after exercise [47]. Significantly
lower levels of HRmax, VO2max and blood lactate
concentration were reported in the experiment
group compared to both sham and normal groups
at the 30 min post-exercise test period while
blood lactate concentration of the experiment
group was the lowest at the 60-min post-exercise
test period compared to all other groups [47]
(Table 63.2). Hence, these findings suggest that
acupuncture schemes may enhance the recovery
ability in elite basketball athletes [47]. Tandya
et al. also demonstrated the positive effects of
acupuncture on lactate clearance following highintensity exercise in elite basketball players [84].
However, it should be noted that external factors (e.g., lifestyle, exercise preferences) were
not taken into account and may have influenced
these findings. Hence, future studies should aim
to include these factors when possible. Moreover,
many variations have accumulated over the years,
and techniques vary depending on the country in which the acupuncture is performed, thus
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future studies are needed to identify best-practice
protocols in order to optimize recovery in elite
basketball players. For instance, an alternative
method described as “myofascial trigger point
puncturing” (dry needling) has gained popularity
in recent years. In a recent study on participants
with a history in lateral ankle sprains, the authors
concluded that dry needling the fibularis muscles
may induce short-term improvements in strength
and unilateral balance [85], though follow-
up
studies are needed with larger sample sizes and
in basketball players specifically to substantiate these findings. Considering the current evidence on acupuncture, this recovery method can
be safely applied as a complementary strategy to
optimize the recovery of elite basketball players
after strenuous exercise by enhancing the clearance of lactate levels in muscles. It is also a relative simple and well-tolerated method with little
side effects reported in the literature.

63.4.4.2 Massage
Many athletes consider sports massage as an
essential part of their training and recovery routine. These athletes report that a sports massage
helps them train more effectively, improve performance, prevent injury, and speed recovery.
Massage is effective in alleviating DOMS by
approximately 30% and reducing swelling [39].
However, Delextrat and colleagues (2005) demonstrated that massage did not have any effect on
repeated sprint ability (RSA) [36]. Although massage alone may not impact RSA, another study
found that stretching as an adjunct to massage
may improve recovery from official matches in
basketball players [34]. This study by Delaxtrat
et al. (2005) was the first study to analyze the
impact of massage on recovery in basketball
[36]. Recently, Kaesaman et al. (2019) indicated
that massage (specifically traditional Thai massage) is a more effective strategy than passive
rest on recovery [87]. In particular, 16 basketball
players were randomly assigned to either experiment group (10 min of traditional Thai massage
throughout the body including biceps and triceps,
deltoid, latissimus dorsi, thoracolumbar fascia,
trapezius, and stretching muscles of hamstrings,
rectus femoris, arms, and back, while the room

was controlled at a temperature of 25–26 °C
following basketball activity) or control group
(10 min of rest following basketball activity) [87]
(Table 63.2). Each player was required to perform
20 min of basketball simulation after which they
were monitored on HRV and physical fitness, and
monitored again after the intervention (massage
or rest). The results indicated that traditional Thai
massage can increase HRV, reduce sympathetic
activity, and increase parasympathetic activity
which contributes to the greater recovery rate in
basketball players [87]. Nevertheless, more studies are needed to confirm the positive benefits of
various massage techniques.

Take-Home Message

Recovery from training is recognized as
one of the most important components of
training regimen. To maximize year-round
player recovery, primary recovery strategies (e.g., sleep, nutrition, and hydration)
should be prioritized and encompassed
by secondary recovery strategies (e.g.,
ergogenic aids, cooldown strategies, psychological strategies, manual therapy).
Furthermore, daily fatigue monitoring is
essential to understand and maximize the
applicability, effectiveness, and efficiency
of each of these recovery strategies at the
individual level.
Consistent high-quality sleep, food, and
fluid consumption play a fundamental role
in the recovery process following exercise
in elite basketball players. Adequate sleep
can be promoted and maintained through
a variety of strategies, such as nutritional
interventions (e.g., high-carbohydrate and
melatonin-rich foods prior to bedtime),
optimal timing of light exposure (e.g., blue
light in the AM vs red light in the PM), and
lifestyle habits (alcohol, caffeine, social
media usage, pre-bed routines). High
muscle glycogen restoration and status of
euhydration can be achieved through highcarbohydrate consumption plus leucine and
adequate proactive drinking immediately
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after exercise. Ergogenic aids may support
the recovery process through metabolic
alkalosis via bicarbonate ingestion plus
beta-alanine. Hydrotherapy (e.g., coldwater immersion and/or contrast bath),
cryotherapy, and compression clothes may
also aid in player recovery by reducing
DOMS and/or self-perceived fatigue 24 h
after a game or strenuous training session.
Finally, time between training sessions
serves as great opportunities for athletes to
develop proactive mental recovery habits,
suggesting relaxation techniques, breathing
techniques, powernaps, debriefing, mental
detachment, immersion to restorative environments, controlled consumption of caffeine, mental imagery, and/or post-exercise
music. However, differences in individual
responses to each of these modalities
should be taken into account prior to intervention. Although minimal risk is involved
with the practical suggestions outlined in
this chapter, future research is needed to
identify which resources are most effective and to provide individualized recovery
strategies in elite basketball players most
specifically.
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64.1

What Is “Load”?

Imagine you work as part of the Sports Medicine
team for a major National Basketball Association
(NBA) franchise. This franchise has consistently
been the most successful team over the past 5
years. Leading into the play-offs, one of your
key players misses a month of games due to a
calf injury. The team soldiers on through the
play-offs, winning its way through to the NBA
finals. However, despite having a star-studded
roster, the team finds itself trailing 3-1 in the best
of seven series. With the finals’ series on the line,
the team decides to roll the dice! The best player
has to return. The team wins the fifth game of the
series by 1 point. The only problem is that the
key player was only able to play 12 min before
rupturing his Achilles tendon. Your opponent
goes on to win the sixth game of the series and
become the 2019 NBA Champions—but a much
bigger media storm emerges. Was he “carrying”
a pre-existing injury? Was he pressured to play?
Did he know the risks? Had he performed enough
training to return to play safely?
“Load” has been described in many ways, but in
general it can be defined as follows: “the act of perT. J. Gabbett (*)
Gabbett Performance Solutions,
Brisbane, QLD, Australia
Institute for Resilient Regions, University of
Southern Queensland, Ipswich, QLD, Australia
e-mail: tim@gabbettperformance.com.au

forming ‘work’ (either training or competition) in
preparation for or carrying out an event.” This
“work” is referred to as external load. Load is also
described in terms of the stress it places on the organism (e.g., human). This “stress” can take the form of
physiological, biomechanical, or psychological—
and is referred to as internal load. Finally, an athlete’s ability to tolerate load is influenced by several
factors including (but not necessarily limited to) age,
fitness, sleep, nutrition, and external stressors [1].
The balance between load and load capacity
(also referred to as tissue capacity) is thought to
play a significant role in injury causation [2].
When the load that is applied to a tissue greatly
exceeds that tissues’ capacity, injury risk is heightened. Complicating the load-capacity issue is that
for a tissue to adapt and load capacity to improve,
gradual progressions in load that are slightly
greater than current tissue capacity are required.
Therefore, for improvements in load capacity to
occur, load must be increased—but not so much as
to injure the tissue (and ultimately decrease load
capacity). A final and often neglected part of the
load-capacity puzzle is consideration of the athlete’s health. The load that an athlete can tolerate
today could be quite different to tomorrow, simply
due to decreases (or increases) in health (Fig. 64.1)
[3]. These factors are particularly complex for professional basketball players as they navigate a tortuous 82-game season, such as in the NBA,
involving back-to-back games and multiple games
in a week, all the while negotiating competition
stress, team (and even spectator) expectations, as
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Fig. 64.1 An integrated view on load, load capacity, performance and health in sports. Dotted lines represent
negative relationships and solid lines represent positive
relationships Redrawn from [3]

well as travel and sleep disturbances associated
with changing time zones.

64.2

 hat Is “Load Management”
W
All About? And Why Is It
Important in Basketball?

Anyone who has worked with sports coaches understands they have competing demands. Not only are
they required to devise an overall strategy for the
team to execute, but they need to liaise with administrators (e.g., the owner and General Manager),
sponsors, and media, manage rosters, assistant
coaches, and individual athletes (and their unique
personalities), and play a key role in the day-to-day
planning of technical, tactical (and sometimes)
strength, and conditioning sessions. There is no
doubt that the principles of load management are
important for coaches to understand, but coaches
are generally are time poor! With all of the athlete
monitoring and workload management resources
that are available, it is not surprising when coaches
state “Just tell me what I need to know!”

64.3

difficult to capture in both youth and professional
basketball. First, youth teams rarely have access to
wearable technology (e.g., inertial measurement
sensors) to measure external load—the technology
is expensive and typically requires skilled practitioners to interpret and apply the information. Even
though professional players often have access to
this technology and are encouraged to wear them in
practice, their use is not permitted in NBA games.
While some external load data (e.g., number of
accelerations/decelerations performed, and distances covered) can be captured by SecondSpectrum (company that provides (video-
based
tracking of players in NBA games), other important
activities (e.g., changes of direction, jumping, and
blocking) cannot. Equally, the two technologies
(i.e., video and inertial sensors) will provide similar
but not identical data, meaning that the data used to
quantify training load may be different from the
data used to quantify game load. Second, if the
above challenges surrounding the capture of external load prove insurmountable, then practitioners
can measure the internal load of athletes. Heart rate
monitors (another wearable sensor) have been used
extensively to quantify internal load, although perhaps the most common form of internal load monitoring is through the use of a session rating of
perceived exertion (s-RPE) [4].
First described by Foster et al. [5], the s-RPE
requires players to provide a subjective estimate of
intensity using a 0 (rest) to 10 (maximal effort) scale
(Table 64.1). This intensity score is multiplied by
Table 64.1 Session-rating of perceived exertion scale [6]
Rating
0
1
2
3
4
5
6
7
8
9
10

How Do I Capture Load?

With the variety of skills and physical activities,
players are required to perform throughout a basketball game; it is unlikely that one single variable
(also commonly referred to as a “metric”) will capture basketball-specific load. Equally, for various
reasons, both external and internal load have proven

Descriptora
Rest
Very, very easy
Easy
Moderate
Somewhat hard
Hard
–
Very hard
–
–
Maximal

The verbal anchors have been changed slightly to reflect
American English (e.g., light becomes easy; strong or
severe becomes hard), Briefly, the subject is shown the
scale approximately 30 min following the conclusion of
the training bout and asked, “How was your workout?”

a
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Table 64.2 Calculation of training load, monotony, and strain over a training week for a basketball player
Session
Session 1
Intensity/duration
Load
Session 2
Intensity/duration
Load
Daily load
Total sessions
Total duration
Weekly load
Monotony
Strain

Mon
Practice
6 × 90
540
Game
9 × 48
432
972
11
656
3700
1.82
6740

Tue
Shoot around
2 × 60
120
Game
9 × 48
432
552

Wed
Off
0×0
0
Practice
6 × 90
540
540

Fri
Practice
5 × 75
375
Game
7 × 42
294
669

Sat
Shoot around
2 × 50
100
Game
9 × 48
432
532

Sun
Off
0×0
0
Off
0×0
0
0

Weekly load = sum of 7 day load
Monotony = average weekly load/standard deviation of weekly load
Strain = weekly load × monotony

the duration of practice or competition to provide
“Load” for that session. “Monotony” and “Strain”
can also be calculated to provide an indication of the
amount of variation within a training week. The
higher the monotony and strain scores, the less variation (and likely recovery) within the training week.
Load is a function of frequency, volume, and intensity.
As such, increases or decreases of load can be made
by manipulating either frequency, volume, and/or
intensity. An example of weekly training load for a
professional basketball player and the calculations
for Training Load, Monotony, and Strain are shown
in Table 64.2. Although not without limitations, the
s-RPE allows coaches and sports medicine staff to
quantify internal load with minimal resources.

64.4

Thu
Weights
7 × 45
315
Shoot Around
2 × 60
120
435

 oad Can Have Positive
L
and Negative Effects

Acute training load represents the short-term
“fatigue” that arises from training, while chronic
training load is analogous to “fitness.” As stated
above, injury occurs when load exceeds the ability of the tissue to adapt (i.e., when load is greater
than load capacity). The size of the short-term
training load (anywhere from one session to
1 week) (termed acute training load) in relation to
longer term training load (termed chronic training
load) is used to calculate the “acute:chronic
workload ratio” (ACWR). Consequently, for
many years it was believed that injuries occurred
as a result of high training loads. However, a large
number of studies have recently shown that high
chronic loads are associated with lower injury risk
[7]. These findings have been confirmed across

multiple sports and research groups. Of equal
interest is the influence of high chronic load on
performance. In the mid-1990s, Foster et al. [5]
studied the performance of runners, cyclists, and
speed skaters, and demonstrated that performance
was closely linked to training load; athletes with
higher training loads had faster time-trial performances. Team sport performance can also be
explained, at least in part by training load [8, 9]. It
appears that appropriately high chronic training
loads reduce injury risk and enhances athlete performance in several ways. Firstly, exposure to
load helps athletes withstand subsequent load.
Secondly, appropriately prescribed training develops physical qualities that not only protects
against injury but also allows athletes to perform
the high-intensity tasks required of competition.

64.5

 ow Can Practitioners Safely
H
Progress Workload?

Studies of team sport athletes have shown that
when the ACWR was within the range of 0.8–1.3
(i.e., the acute training load was approximately
equal to the chronic training load), the risk of
injury was relatively low. However, when the
ACWR was ≥1.5 (i.e., the acute training load [or
“fatigue”] was much greater than chronic training
load [or “fitness”]), the risk of injury increased
markedly [7]. Because spikes in workload that
result in a large ACWR increase injury risk,
strength coaches, physical therapists, athletic
trainers, and even sport coaches have embraced
measurements of the ACWR. The ACWR uses the
common training principle of progressive over-
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load. It allows practitioners working with patients
and athletes to safely progress and regress training
loads, based on the individual’s load capacity.

64.6

 pikes in Load Increase
S
Injury Risk

Some of the first publications that examined the
relationship between training load and injury were
performed in cricket, rugby league, and Australian
football (all very popular Australian sports). These
studies all found similar results—(1) high training
loads were associated with lower injury risk, but
(2) rapid increases (i.e., spikes) in training loads
were associated with greater injury risk (Fig. 64.2)
[7]. The obvious question that arose from these
studies was whether these findings could be replicated in other sports. For example, how well do the
findings from a collision sport like rugby league
transfer to a completely different sport such as basketball? In a recent study, Caparros et al. [10] demonstrated that low external workloads were
associated with higher injury risk in professional
male basketball players. Presumably, the low
chronic loads leave players underprepared for the

‘Sweet Spot’

25
Likelihood of subsequent injury (%)

high physical demands associated with competition. These findings of low chronic loads and
spikes in load increasing injury risk have subsequently been replicated by over 20 different
research groups from a wide range of sports,
including basketball [11, 12].
The NBA season spans 82 games; basketball
players need to be well-conditioned to tolerate
the running, jumping, and change of direction
loads required during the season. However, over
the off-season many players completely break
from training—having a 3-month period where
they do not train at all. When the off-season concludes, it is not uncommon for these players to
immediately re-engage with their in-season levels of training, drastically spiking their on-court
loads. Injury rates are substantially higher when
players spike their load in this way following the
off-season. Better practice would result in (1)
maintaining a minimal standard of training load
(and hence fitness) over the off-season, and (2)
gradually increasing the training load following
the off-season. In this respect, we are not discussing “overuse injuries,” but rather we are
referring to injuries that occur as a result of
under-preparation.

‘Danger Zone’

↓ injury risk

↑ injury risk

20

15

10

5

0
.50

1.00

1.50

Acute:Chronic Workload Ratio

Fig. 64.2 The acute:chronic workload ratio and injury risk in athletes [7]
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 repare for the “Worst Case
P
Scenario”

The “worst case scenario” refers to the most
demanding passage of match play. These passages of play occur at critical moments of competition (e.g., shots on goal, goals scored or
conceded), and are often termed “repeated-
sprint” (e.g., football and field hockey) or
“repeated high-intensity effort” (e.g., basketball,
rugby, and ice hockey) bouts. The ability (or
inability) to perform these repeated high-
intensity efforts often proves critical to the outcome of competition. Indeed, in other team
sports it has been shown that a large percentage
of points scored in competition occurred in close
proximity to a repeated high-intensity effort bout
[13]. These demanding passages of play should
therefore be viewed as an “opportunity” to gain
ascendency over an opponent. Exposing athletes
to the most demanding passages of play in training on a regular basis (with adequate recovery
between bouts and sessions) improves their ability to tolerate those demands in competition.
After all, if training programs focus on the average demands of competition and neglect to target

the most demanding p assages of play, then at
best, athletes can only ever be prepared for 50%
of competition (Fig. 64.3). When developing a
“load management” plan, practitioners are
advised to 
remember the training aspect of
“training monitoring”—athletes need to load in
order to withstand load!

64.8

The Risk-Reward
Conundrum—“Is He Ready
to Play or Not?!”

Returning to the example, we can see that based
on the evidence, the sports medicine staff faced
a significant dilemma. Even if the athlete was
able to perform some training during rehabilitation, having been injured for 1 month severely
limited his game time, resulting in a gradual
reduction in chronic load (i.e., the player was
likely detraining). This likely resulted in a double dilemma—(1) the higher chronic load that
previously “protected” the athlete had diminished, and (2) any subsequent load that was
applied represented a “spike” relative to his
current capacity.

High-Speed Running Distance (m/min)

25
Training for the average demands will likely
result in athletes being under-prepared for
the most demanding passages of play

20

Worst Case Scenario

15

10

Average Demands
Below Match Demands
Match Demands, Including
Stoppages in Play

Minimal High-Speed Running
5

“Party Time”

0
OFF-Season Break

Rehabilitation

Skills

Match-Play

Intense Passages of Play

Fig. 64.3 An example of the most demanding passage of play (or “worst case scenario”) for a team sport athlete [14]
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64.8.1 Return-to-Play Decisions
Require Ethics but They also
Require Context
Apart from making return-to-play decisions
within an ethical and medically sound framework, what contextual factors might influence
decision-making when returning an athlete to
competition? First, the quality of the athlete will
impact decision-making—if the player is a potential match-winner, then it changes the decision!
Teams might be willing to risk a key athlete under
some circumstances, and not in others. Second,
the timing of the injury will also influence
decision-making. If the injury was sustained in
the first game of the season, then the sports medicine team may not have faced the same level of
pressure and scrutiny that they faced in a potential “finals deciding” game. Clearly, return-to-
play decisions encompass the “risk-reward”
question. What are the potential risks? And what
is the potential reward?

64.8.2 D
 o You Want the Athlete Back
Quickly or “Permanently”?
If loading strategies can influence injury risk, a
second and equally important consideration for
sports medicine staff is whether they return the
athlete to sport “quickly” or “permanently.” This
is a critical consideration as the answer will influence the loading strategies that are employed. For
example, Australian football research has shown
that accruing lower chronic loads can hasten
return-to-play; however, the lower chronic load is
also associated with a greater risk of subsequent
injury [15]. Higher chronic loads are associated
with lower subsequent injury risk, but the return-
to-
play time is delayed, as it takes longer to
develop the high chronic loads to protect against
subsequent injury! [15] Clearly, when making
return-to-play decisions, sports medicine staff
must balance the risks associated with early
return against the potential benefits of having that
player on the court.

64.9

How Can We Develop
a Robust Athlete?

As stated above, in contrast to early views, there
is a growing body of evidence demonstrating
that low chronic workloads increase injury risk
[16]. These findings suggest that progressing to
higher chronic loads would be a preferable
approach to improving athlete availability than
reducing training loads. But sport performance
and medicine staff are not only responsible for
keeping athletes available—those athletes must
be ready to perform when required. In line with
load-injury studies, recent evidence has shown
that athletes with higher chronic loads and fewer
“spikes” in load also demonstrate greater readiness to perform [17]. These findings highlight
the performance-enhancing capabilities of an
effective load management program. While it is
recognized that a myriad of factors other than
workload can impact both injury risk [18] and
performance [17], the absence of an effective
loading program is akin to shooting at a target
while blindfolded.
How can sports medicine staff avoid spikes in
workload if they have no information on the athlete’s training history?
How can an athletic trainer, physical therapist,
or strength and conditioning coach progress to
higher workloads if they do not measure
workload?
Given the relationship among training load,
athlete availability, and readiness to perform,
how can an athlete have the best chance of achieving their performance potential and remaining
injury-free if appropriate loading strategies do
not underpin their training program?

64.10 What About “Fitness”
and Tolerance to Workload?
Although spikes in workload may contribute to
injuries, “load” does not explain all injuries.
Furthermore, some players are more resilient to
spikes in workload, while others are more vul-
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nerable. In some cases, spikes in workload are
unavoidable (e.g., a key player returning rapidly
from injury, multiple double overtime games in
the play-offs). If spikes in workload are unavoidable, what practical steps can performance and
medical staff take to mitigate injury risk and
give players the best chance of competitive
success?
First, if medical staff know that loads are
likely to increase in the near future (e.g., schedule changing from one game to multiple games
in a week), then raising chronic load in the
weeks prior to that change in schedule will
likely improve load tolerance. This pre-loading
raises chronic load, thereby reducing the gap
between the “floor” and the “ceiling”—it is
much harder to spike loads from the “ceiling”
than the “floor” because when chronic load is
low the only way is up! Second, well-developed
physical qualities (e.g., eccentric hamstring
strength) have been shown to independently
decrease injury risk. Third, specific physical
qualities (e.g., lower body strength, speed, and
aerobic fitness) moderate the workload–injury
relationship—players with better developed aerobic fitness, speed, and lower-body strength are
more resilient to spikes in workload than players with poorly developed physical qualities
[19, 20] (Fig. 64.4).

Table 64.3 Potential practical applications for two different athletes with similar workloads
Moderator
Age/training
age
Injury
history
Training
history
Speed
Aerobic
fitness
Lower-body
strength
Practical
application

When exposed to a “spike” in workload
Very young/very
Middle of career
old
Extensive
Limited
Poor, inconsistent

Good, consistent

Slow
Unfit

Moderate-fast
Fit

Weak

Strong

Monitor recovery
Monitor recovery
and modify training and continue to
train and play
if required

NB “Modifying the training program” does not necessarily mean “providing more rest.”

If absolute load (either the “floor” or “ceiling”) cannot be modified in the short term, then
performance and medical staff can use physical
testing results to stratify players into welldefined risk groups based on particular loading
patterns. An example of different moderators of
the workload–injury relationship and suggestions to practically manage two different athletes with similar workloads is provided in
Table 64.3.

Take Home Message

Wor
klo
‘Spi ad
ke’

Aerobic
Fitness

Inju

ry

Fig. 64.4 An example of how physical qualities (in this
case, aerobic fitness) moderate the workload—injury relationship [20]. The workload–injury relationship is also
moderated by speed, repeated-sprint ability, and lower
body strength [19]

With the myriad of factors that can influence injury risk and performance, at this
stage, the best we can offer is an educated
guess. Although these incidents will always
divide opinion, most practitioners agree
that successful training programs are
underpinned by effective loading strategies
which consider external stressors that may
impact load tolerance. A well-structured,
systematic training program that gradually
exposes athletes to higher loads while considering the moderators of load tolerance
represents a best-practice approach to
developing load capacity.
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Practical Considerations
for Workload Measurement
in Basketball

65

Aaron T. Scanlan, Jordan L. Fox, Daniele Conte,
and Zoran Milanović

65.1

Monitoring Player
Workloads in Basketball

Monitoring is important to quantify the demands
encountered by basketball players during training
and games. Specifically, monitoring workloads
across pre- and in-season phases is encouraged
to thoroughly understand the demands placed on
players across the season [1, 2]. However, basketball coaches and performance staff must also
consider the validity and reliability of the available workload metrics, in addition to the practical
utility and limitations associated with collecting
and analysing player workload data using each
method.
Workload metrics can be classified as either
external or internal. External workload refers to
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the training and game stimuli imposed, while
internal workload represents the physiological
and perceptual reactions of players to the external
demands [3]. Internal workload will ultimately
determine training responses and physiological
adaptations, directly impacting performance-
related outcomes; however, external workloads
must be manipulated by basketball coaches and
performance staff to bring about the desired
responses from players [2]. Consequently, workload data can be used most effectively where
external and internal methods are applied and
considered together [4].

65.2

Monitoring External
Workload

In basketball, external workload has historically
been assessed via video-based time–motion
analysis and reported as speed, distance and
movement frequencies. While time–motion data
demonstrate acceptable validity [5] and reliability
[6], data analysis is time-consuming. Therefore,
video-based time–motion analysis is typically
not frequently utilised in practice to quantify
player workload in basketball as many teams do
not have access to the necessary performance
staff and resources needed to efficiently process data [1]. Consequently, external workloads
are typically monitored in applied environments
using microsensors. In basketball, microsensors
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refer to devices containing accelerometers and
various inertial sensors such as gyroscopes and
magnetometers. Tri-axial accelerometers are the
primary components utilised in microsensors and
measure accumulated load based on the instantaneous rate of change in acceleration across the
x, y and z axes. Inertial sensors on the other hand
provide information relating to orientation and
direction of travel to calculate movement frequencies, which are estimated using proprietary
algorithms.
Microsensors are the most commonly used
devices for objectively measuring external workload in basketball. Microsensors demonstrate
acceptable validity and reliability [7]. In addition, microsensors present a non-invasive method
of monitoring players, while also providing data
that can be quickly analysed using proprietary
software for routine implementation. However, a
primary limitation with using microsensors is key
workload metrics derived from the accelerometer
component are typically reported in arbitrary
units. Accelerometer-derived external workload can therefore be difficult to interpret compared to established metrics such as speed and
distance. Therefore, combining accelerometer-
derived workload metrics with movement counts
captured via inertial sensors may optimise
interpretation of microsensor-
derived external
workloads. Specifically, inertial sensors can
quantify the frequency of movements performed
including jumps, accelerations, decelerations and
changes in direction, which are typically physically demanding activities in basketball. From a
practical perspective, accelerometers and inertial sensors are typically combined in the same
device to be collected simultaneously and subsequently analysed together using the same proprietary software.
While microsensors are the most commonly
utilised approach to monitor external workload
in basketball, local positioning systems are an
emerging technology available to use. Local positioning systems utilise a combination of indoor
nodes placed around the training or game venue,
and microsensors worn by players. Indoor nodes
receive player tracking data from the microsensors and determine the time taken for each node

to receive the signals. These data are used to
estimate position and displacement of players,
which is reported via kinematic parameters such
as speed, distance and movement frequencies.
Data processing and analysis using proprietary
software with local positioning systems is also
efficient. Furthermore, the acquisition of kinematic data with recognisable units from local
positioning systems may enhance interpretability by basketball coaches and performance staff
compared to microsensors. However, the validity and reliability of local positioning systems for
monitoring external workload data in basketball
have not been assessed. In addition, local positioning systems are in their infancy and as such
are typically more expensive than other microsensor monitoring systems, which may reduce
their accessibility until they become more affordable for a wider range of teams. Accordingly,
local positioning systems represent a promising
future direction but should not yet replace conventional microsensors.

65.3

Monitoring Internal
Workload

Internal workload can be monitored via objective or subjective metrics, each with respective
advantages and limitations. Objective internal
workload is most frequently quantified using
heart rate monitoring, which is non-invasive and
efficient in terms of data processing using proprietary software or customised spreadsheets
[1]. However, heart rate reported simply as
beats·min−1, or % HRmax may underestimate the
intensity of the training session or game in basketball [8]. Therefore, heart rate responses inputted
into workload models may counter this limitation
and are therefore typically implemented in basketball. Use of heart rate-derived workload models offers practical and convenient data collection
and processing procedures and provides internal
workload metrics, which capture the responses of
players to the external stimuli imposed.
A foundation heart rate workload model is
Banister’s training impulse (TRIMP), which
incorporates individualised resting and maximum
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heart rate responses, along with the average heart
rate response across the session. Using Banister’s
TRIMP, internal workload is then calculated
using a pre-determined exponential relationship
between heart rate and blood lactate concentration during incremental exercise, with higher
intensities given larger weightings [9]. While
Banister’s TRIMP only requires heart rate data,
the relationship between heart rate and blood
lactate concentration across exercise intensities varies between individuals, which is not
accounted for in Banister’s model. To overcome
this limitation, Lucia’s TRIMP [10] has been
applied in basketball [11] and incorporates three
individualised heart rate zones corresponding to
blood lactate concentrations at <2.5 mmol L−1,
2.5–4 mmol L−1 and >4 mmol L−1. However,
Lucia’s TRIMP requires specialised expertise
to conduct additional exercise testing, typically
in laboratory settings, involving invasive blood
sampling to determine lactate concentrations [1].
In addition, the relationship between heart rate
and blood lactate may change with fluctuations
in anaerobic and aerobic fitness, therefore requiring repeated testing across the season. Based
on these considerations, Lucia’s TRIMP is not
widely implemented to monitor internal workload in basketball due to the practical restrictions
involved.
Given the aforementioned limitations of
Banister’s and Lucia’s TRIMP, the most common
heart rate workload model applied in basketball
is the Summated-Heart-Rate-Zones (SHRZ)
model [12]. In the SHRZ model, exercise duration (in minutes) is combined with exercise intensity using weighted heart rate zones. Specifically,
each heart rate response is placed into predefined zones that incrementally increase by
10% HRmax, starting at 50% HRmax. Time spent
in each zone is then multiplied by corresponding
weightings from 1 to 5, with the sum of the accumulated weightings taken as the SHRZ workload. The SHRZ model can detect periodised
increases in workload in basketball players [13].
Furthermore, the data used in the SHRZ model
are simple to collect and can be efficiently processed and analysed using proprietary software
or customised spreadsheets. Consequently, the
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sensitivity and practical advantages of the SHRZ
model support its use for routine player monitoring in basketball [1]. The primary limitation of
SHRZ however is that heart rate responses are
categorised rather than being treated as continuous. In this regard, heart rate responses that differ
by only 1 beat·min−1 may be assigned different
weightings in the SHRZ model. While the use of
smaller zones (e.g. 2.5%) with less pronounced
jumps in weighting has been explored to negate
this limitation [14], more work may be needed
to identify an optimal approach to calculate the
SHRZ workload in basketball.
Subjective internal workload is typically
assessed via the session rating of perceived exertion (sRPE) method. sRPE is a product of session
duration and self-reported rating of perceived
exertion, generally using the 0–10 Category-
Ratio scale [15, 16]. Unlike objective measures
that capture physiological responses to exercise,
sRPE is sensitive to a range of stimuli including external and internal workloads, as well as
psychological inputs such as stress, arousal and
fatigue [3]. Given the multifaceted nature of
sRPE, using this method in isolation can make it
difficult for basketball coaches and performance
staff to differentiate between physiological and
psychological factors influencing player workloads [1]. As such, a combination of external
workload metrics, as well as objective and subjective internal workload metrics, is recommended
to attain a complete picture of training and game
demands in basketball [17] (Table 65.1).

65.4

Integrating External
and Internal Workloads
in Basketball

When using player monitoring data to inform
the prescription of player workloads, quantifying and interpreting individualised relationships between external and internal workloads
are particularly important. Specifically, internal workload relative to the external workload
prescribed should be considered in deciding
whether a stimulus elicits favourable or maladaptive responses. The relationship between
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Table 65.1 A comparison of common workload metrics in basketball with reference to data quality and practical
considerations
Data
processing
time

Ease of
interpretation

Non-invasive
to players?

Hardware
Valid? Reliable? cost

Software
cost

External workload
Time–motion
analysis
Accelerometers

✓

✓

✓

$$–$$$

$–$$$

✓✓✓

✓

✓

$$–$$$

$$–$$$

✓

Inertial sensors

✓

✓
–

$$–$$$

✓✓

✓

–

✓
–

$$–$$$

Local positioning
systems
Internal workload
Heart rate

$$$

$$–$$$

✓✓✓

✓

✓

✓

$–$$

$–$$

✓✓

Banister’s training
impulse
Lucia’s training
impulse
SHRZ

✓

✓

✓

$–$$

$

✓

✗

✓

✓

$–$$$

$–$$

✓

✓

✓

✓

$–$$

$–$$

✓

sRPE

✓

✓

✓

$

$

✓

‘–’ indicates that validity/reliability has not been assessed; reliable is defined as coefficient of variation ≤10% (moderate); hardware cost, software cost, data processing time, and ease of interpretation rated on a 1–3 scale with 1 indicating
the lowest rating and 3 indicating the highest rating; SHRZ Summated-Heart-Rate-Zones, sRPE session rating of perceived exertion

external and internal workloads fluctuates based
on the phase of the season and type of training
completed [4]. Therefore, basketball coaches
and performance staff should seek to develop
normative internal workloads for each player
relative to a given external workload across
multiple sessions in training and games across
different phases of the periodisation programme
(e.g. overloading and tapering). Understanding
typical player responses to training and competition stimuli across a range of scenarios can
then be used to support decision-making regarding management of player workloads by understanding what constitutes a normal response and
identifying maladaptive reactions to the workloads prescribed in players.

65.5

Quantifying Workload
Intensity and Duration
in Basketball

Most microsensor, heart rate and perceptual
workload metrics used in basketball represent
workload volume—that is, they indicate the accu-

mulated external or internal demands imposed
on players across specified monitoring periods.
In the popularised external [18] and internal [9,
12, 16] workload metrics discussed earlier in this
chapter, workload volume is dependent on the
intensity and duration of the stimuli imposed.
While the overall loading imposed on players
is important to quantify, it is equally important
to be able to measure the intensity and duration
of training and games. In this regard, basketball
coaches and performance staff should be aware
of existing approaches used to quantify session
intensity and duration while also recognising the
advantages and limitations of each approach.
Intensity is an important aspect of training and
games to consider when periodising programmes
to promote positive changes in performance
variables [19], while also minimising the risk of
maladaptive responses, such as injury [20], in
players. However, the intensities reached during
training and games can be masked when using
overall workload volumes [1]. In this regard, a
player may achieve similar workload volumes
despite working at vastly different intensities.
For example, in Fig. 65.1, a player is undergo-
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(b)

(B)

Intensity

Average intensity

(A)

(a)
Duration
Duration

Fig. 65.1 An example of identical workload volumes
(shaded grey) being attained in training scenarios performing at a (a) low average intensity for a long duration and (b) high average intensity for a short duration.
Note: Red line indicates average intensity for each
session

Fig. 65.2 An example of similar average workload intensities (red line) being attained in training scenarios performing (a) frequent high-intensity bouts interspersed
with low-intensity recoveries and (b) consistent moderate-
intensity activity

ing the same volume of loading when working
at a lower average intensity for a long duration
compared to working at a high average intensity
for a shorter period. Consequently, similar workload volumes can be achieved with very different
stimuli, resulting in varied adaptive responses in
players. Therefore, basketball coaches and performance staff need to have methods available to
quantify session intensity to better understand the
stimuli players are exposed to.
A relatively straightforward method to quantify workload intensity involves calculating
data relative to the session duration (per minute). Specifically, relative intensity data have
been reported for accumulated external (e.g.
PlayerLoad™) and internal (e.g. SHRZ) workload metrics, as well as the frequency of various
demanding activities such as decelerations, accelerations, jumping and changes in direction in basketball [4, 21, 22]. It should be noted that, in the
sRPE model, the relative intensity is simply represented by the RPE given by players rather than
workload per minute. While approaches quantifying relative intensity are useful to indicate
the average intensity attained across the entire
session relative to time, they do not identify the
proportion of training or games spent working at
specific intensities. For example, in Fig. 65.2, a
player is working at the same average intensity
across separate sessions (per minute) by performing frequent high-
intensity bouts interspersed
with low-intensity recoveries in one session and

more consistently at moderate intensities in the
other session. In this regard, activities performed
at higher intensities are important to quantify and
have been readily measured in basketball [23,
24], given they represent the most stressful loading experienced during training and games.
Measuring the time spent in different intensity zones provides more detailed insight into
the workload intensities reached during basketball training and gameplay. In particular, this
approach has been readily used to measure internal workload intensities via reporting of absolute
(min) or proportional (%) time spent in different
heart rate zones. Heart rate zones have typically
been determined relative to HRmax using various
cut-points to demarcate different intensity bands
[22, 24, 25]. The variation in methodologies to
demarcate heart rate intensity zones should be
recognised when interpreting the literature, with a
need for greater consistency across future studies
to allow for effective comparisons and normative
data to be established in different player populations. Furthermore, when reporting relative heart
rate responses, the approach to determine HRmax
should also be considered. Laboratory tests [24],
field tests [25], age-predicted equations [26] and
peak values obtained during training or gameplay
[27] have been used to determine HRmax in basketball settings. It is recommended that maximal
laboratory exercise testing with metabolic measurement should be used to confirm HRmax [27].
However, in the absence of laboratory facilities
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and metabolic equipment, maximal field testing
should initially be applied to identify peak heart
rate with peak responses taken during training
and games substituted if higher than the testing
response [27].
Less attention has been dedicated to quantify
external workload intensity using intensity zones
than internal workload intensity. Specifically,
accelerometer-derived external workload using
fixed arbitrary cut-points provided by software
manufacturers and individualised cut-points relative to the peak workload attained during training
have been scarcely reported in basketball players
[28]. This research showed that less time was measured in higher external workload intensity zones
when using individualised compared to fixed cutpoints [28]. Given individualised approaches may
account for variations in movement and performance capacities between players [29], it has been
recommended that individualised approaches be
used to best prescribe workload intensities when
calculating accelerometer-derived metrics [28].
However, further work is needed to identify suitable cut-points capable of accurately detecting
high-intensity activity during basketball training
and gameplay using accelerometer-derived workloads. It should also be noted that although video-
based time–motion analyses might possess some
notable limitations for implementation in practice
and local positioning systems require more evidence confirming their validity and reliability in
basketball, these methods have also measured
intensity relative to time (m min−1) [23, 30] and
using different intensity zones (based on fixed
speed cut-points) [23, 31] to quantify external
workload intensities in basketball. A notable limitation of reporting time spent in intensity zones is
the most intense periods of sessions are not identified in isolation. These data represent the upper
workload thresholds encountered across sessions
in each player and may assist basketball coaches
and performance staff in prescribing training to
meet the most demanding passages. However,
further research is needed applying suitable methods, such as moving workload averages across
relevant durations, to quantify the peak demands
encountered in basketball.

In addition to workload intensity, determination of session duration is equally important
and inconsistencies in approaches are apparent in the literature. Specifically, variations in
approaches to define the session period representative of the workload encountered have
been adopted when monitoring workloads in
basketball players. Approaches to measure
training and game duration have either trimmed
inactive periods of sessions (e.g. substitutions,
inter-drill or inter-period breaks, time-outs)
[24, 30] or included the entire session [2, 32].
While removing monitoring periods where
players are inactive isolates portions of samples
where players are engaged in training drills and
gameplay, it excludes important rest periods
administered to players. In this way, when data
are trimmed, similar workloads will be detected
but across shorter durations compared to unedited data, inflating the average intensity of the
session [1]. Quantifying workload across entire
sessions encompasses all active and rest periods and better represents the average intensity
encountered. However, when seeking to measure the demands of specific drills during training (e.g. 5 vs. 5 compared to 3 vs. 3 games) or
periods of play during games (e.g. comparison
across quarters), it is necessary for irrelevant
periods to be trimmed for accurate comparisons
to be made.

65.6

Monitoring Well-Being
in Conjunction with Player
Workloads

When monitoring the workloads encountered
by players across the season, it may be equally
important to consider their well-being status.
These data together may be fundamental to
minimise the risk of maladaptive responses
from occurring, such as fatigued states requiring extended recovery (non-functional overreaching) and non-contact injuries [33]. In this
regard, determining the week-to-week changes
in workload and well-being is considered
essential to prescribe adequate training stimuli
according to player readiness [34, 35]. It has
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been theorised that spikes in training load above
15% might increase the injury risk in team sport
athletes [33] although no precise information
is available in basketball. Research quantifying the percent change in workload each week
using the sRPE method demonstrated fluctuations considerably higher than previous prescription recommendations with spikes up to
226% observed in male, college basketball
players during the in-season phase (10 weeks)
[35]. High spikes in weekly workloads have
also been reported for elite, female basketball
players monitored across the entire basketball
in-season phase (24 weeks) with weekly fluctuations up to 120% [34]. These data suggest
that basketball players may be placed at higher
injury risk at specific points across the season,
given injury risk has been shown to increase by
21–49% in team sport athletes when weekly
workload changes by >15% [33]. However,
given no data exist regarding the effect of
workload spikes on non-contact injuries specifically in basketball players, more research is
encouraged on this topic to understand the consequences of high workload fluctuations across
the season.
The monitoring of player well-being status is
being increasingly reported in basketball research
[35, 36]. Many well-being questionnaires in
which players report several parameters (e.g.
fatigue, sleep quality and mood) have been used
in basketball research [35, 37, 38]. Well-being
questionnaires offer a useful and inexpensive
method of monitoring player responses to a given
workload. In this way, despite players undergoing large weekly changes in sRPE workload (up
to 226%), constant well-being scores measured
via 5-point Likert scales encompassing fatigue,
sleep quality, mood, stress levels and general
muscle soreness were evident with the highest
spike reaching 7% [35]. Therefore, given the
different trends in fluctuations across the season
between workload and well-being responses, the
combination of these two monitoring methods
might be more useful for basketball coaches and
performance staff to make informed decisions on
the management of players rather than either in
isolation.
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Consideration of Playing
Time When Monitoring
Players

Playing time is considered a fundamental aspect
to consider when designing training plans [34,
35]. Players usually experience variations in
playing time during the in-season due to the
number of scheduled weekly games or their differing playing statuses (starting vs. bench players). It has been suggested that the management
of player workloads is dependent on the timing
of the in-season phase [34]. In this way, basketball coaches might consider adopting strategies to manage the playing time of specific
players (e.g. restricting playing time and resting players) at the end of the in-season period
to possibly increase their preparedness for the
post-season phase (playoffs) rather than at the
beginning of the in-season period. In support of
this idea, research assessing player workloads in
weeks characterised by different match schedules (1-game vs. 2-game weeks) showed a substantially higher weekly sRPE workload during
training sessions only and during both training
sessions and games combined, in 1-game weeks
compared to 2-game weeks in male, collegiate
players monitored during the first 10 weeks of
the in-season [35]. Similarly, other data showed
1-game weeks elicited moderately greater sRPE
workloads than weeks characterised by 2 or more
games in professional, male basketball players across the entire in-season [38]. However,
it was also reported in this study that players
perceived higher fatigue and lower sleep quality during 2-game weeks than 1-game weeks,
indicating game factors other than workload
may impact perceptual indicators of well-being
[38]. Furthermore, a separate study revealed no
significant difference in player sRPE workloads
between 1-game and 2-game weeks in professional, male players during the last 12 weeks of
the in-season [39]. Despite the limited evidence
available, initial findings suggested that basketball coaches and performance staff should optimise player workloads and well-being based on
the number of weekly games held and the timing
of the in-season phase.
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The effect of playing time on workload and
well-being through considering playing status
(starting vs. bench players) has also been recently
investigated [35]. This research reported starting players with high playing times and bench
players with low playing times belonging to
the same male, collegiate basketball team were
similar when only considering training sessions
[35]. However, it was also observed that a substantially higher weekly workload was evident
in starting players when considering training and
games combined [35]. These results highlight
that starting and bench players experienced similar weekly training demands across the in-season,
but the additional playing time during games
increases the overall demands in starting players [35]. Conversely, a previous study assessing
the effect of playing time on workload during the
entire in-season in elite, female basketball players documented significant differences in weekly
workloads between players with high and low
playing time in games only, and trivial to small
differences in weekly workload when considering training sessions (in isolation or in combination with games) [34]. In this instance, increased
training stimuli for players with low playing
time were likely added to their weekly plans.
Nevertheless, the collective trends in these data
highlight the relative homogeneity of training
workloads accomplished across entire basketball
teams; however, the disparity in game workloads
between players receiving high playing time and
players receiving low playing time should be
considered when managing weekly workloads
across the team.

Future Directions

• Local positioning systems are a potentially useful means for monitoring external workload in basketball, but their
validity and reliability in basketball first
need to be confirmed.
• Individualised thresholds to accurately
delineate
between
accelerometer-
derived external workload intensities
should be developed.

• When quantifying internal workload
intensity using heart rate zones, consistent cut-points to differentiate between
intensities should be adopted across
studies.
• The peak training and game workloads
encountered by basketball players
should be identified using suitable
methods.
• Well-being questionnaires should be
implemented in more workload monitoring basketball studies, given they
offer an inexpensive and non-invasive
method to quantify perceptual parameters such as fatigue, sleep quality, mood,
stress and soreness.
• The relationships between fluctuations
in player workloads and well-being
across the season with performance and
injury measures are warranted to identify optimal undulations in workload
prescription.

Fact Boxes

• Microsensors encompassing accelerometers and inertial sensors are currently
the most popular and appropriate
method for monitoring external workloads in basketball.
• The SHRZ model is the most appropriate for objectively monitoring internal
workloads in basketball due to its supported validity and reliability, as well as
the practical advantages of monitoring
procedures and data processing
involved.
• Measurement of subjective, perceptual
internal workload in combination with
objective measures of external and
internal workloads provides the most
comprehensive insights into player
demands during training and games.
• The integration of external and internal
workloads may be useful to assess the
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appropriateness of training dosages in
promoting favourable responses in
players.
• In addition to quantifying workload volume, it is important to incorporate
approaches that specifically quantify
workload intensity.
• Inactive periods during training and
games should only be trimmed from
analyses when seeking to identify the
specific demands of drills or game
periods.
• Training workloads appear to be homogenous across all players in a basketball
team; however, the disparity in game
workloads between players receiving
high and low playing times should be
considered when prescribing individualised training plans across the season.
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66.1

Introduction

The number of female athletes, including female
basketball players, at all levels of competition has
steadily grown over the past several decades.
Basketball remains the third most popular high
school level sport for females [1]. Since the creation of the WNBA in 1996, the number of collegiate women’s basketball teams has grown.
While management of many injuries and medical
conditions is similar for both male and female
athletes, there are important anatomical and
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physiological differences between the sexes.
These differences influence the risk of injury as
well as athletic performance. Also unique to
female athletes, pregnancy during training and
competition may occur.
This chapter will review the basics of the menstrual cycle as well as hormonal contraceptive
options. It also summarizes the present knowledge on the influence of female hormones on
muscle, tendon, and ligament properties. There
will also be a focus on biomechanical and neuromuscular differences in the female sex and their
relationship to a female athlete’s higher risk of
sustaining an anterior cruciate ligament (ACL)
injury. This chapter will highlight some of the
most important aspects of the female athlete
triad/relative energy deficiency in sport (RED-S)
with a focus on bone health and stress fractures.
Lastly, this chapter will provide insight into current recommendations regarding participation in
basketball and physical activity in general during
pregnancy and the postpartum period.

66.2

Hormonal Fluctuations
During the Menstrual Cycle

The menstrual cycle involves a complex interconnection involving the hypothalamus, pituitary, and ovarian hormones. It is traditionally
divided into three main phases (follicular, ovulatory, and luteal) based on ovarian function. The
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Fig. 66.1 Hormonal changes during the menstrual cycle.
Overview over the hormonal changes in estradiol and progesterone during the menstrual cycle in young women who
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three phases of the cycle are differentiated by
varying estrogen and progesterone levels: (1) low
estrogen and low progesterone levels during the
follicular phase, (2) high estrogen and low progesterone levels during the ovulatory phase, and
(3) high estrogen and high progesterone levels
during the luteal phase as illustrated in Fig. 66.1
[2]. Natural variability in cycle-phase length,
each with different hormone ratios, is seen commonly in females.

combination pills consist of estrogen and progestin in fixed doses (constant levels of estrogen and
progestin), whereas biphasic and triphasic preparations attempt to more closely mimic the conditions of a natural menstrual cycle by varying the
hormonal concentrations. Overall, monophasic
pills are easier to manipulate for travel and athletic competitions and have lesser hormonal
adverse reactions. Progestin-only “minipills” are
also available and typically used in those with
relative and absolute contraindications to
estrogen-
containing OCPs. There is also an
extended-cycle OCP which allows women the
option of decreasing the number of withdrawal
bleeds, theoretically inducing menstrual bleeding
only four times per year. OCPs can also reduce
endometrial cancer, ovarian cancer, physiological
ovarian cysts, and benign breast disorders [2].
Long-acting reversible contraception, also
known as LARC, is a good option for those who
have barriers to taking a pill daily. This category
of contraception includes hormonal (progestin-
containing)
and
nonhormonal
(copper-
containing) intrauterine devices (IUDs). A
progestin-only implant and injection are also
available and highly effective options. Progestins
vary in terms of pharmacologic properties. Some
have antiandrogenic or antimineralocorticoid

66.3

Hormonal Contraceptive
Options

Hormonal contraception plays a valuable role in
hormonal modification of the menstrual cycle
and may be useful for female athletes. These
medications are commonly used for cycle control
and/or for pregnancy prevention. They are also
commonly used for females with prolonged menstrual dysfunction (amenorrhea, oligomenorrhea), premenstrual symptoms (fatigue, fluid
retention), polycystic ovarian syndrome (PCOS),
premenstrual dysphoric disorder, chronic
migraines, and dysmenorrhea.
Oral contraceptive pills (OCPs) are available
in various combinations and dosages. Monophasic
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activity, which can offer favorable effects in
terms of skin, hair, and water retention, especially for those females with troublesome acne
and hair thinning. It is important to note that
unpredictable menstrual bleeding is a common
side effect that is expected in the first few months
after starting any progestin-only agent.
The choice of contraception must be individualized after thoroughly assessing a female’s medical history, menstrual cycles, menstrual
concerns, health and performance goals.
Engaging the athlete in her health-care decision-
making is warranted to address potential health
advantages and disadvantages in initiating and
continuing hormonal contraception.

66.4

Differences in Tissue
Properties

As the number of females participating in athletics has grown, the research surrounding estrogen
and the effects it has on the musculoskeletal system has simultaneously expanded. Historically, a
majority of the studies in this realm focused on
the effects estrogen has on bone, but more
recently there have been increasing efforts to
determine how the presence of increased estrogen impacts muscles, tendons, and ligaments.
Though there is still much to learn in this space,
it has become increasingly clear that estrogen has
significant effects on all of these tissues, some of
which appear to be advantageous, while others
result in females being more susceptible to certain injuries.

66.4.1 Muscle
Animal models have shown that estrogen is beneficial for building muscle mass and strength. A
deficiency in this hormone results in a decrease in
both strength and muscle fiber cross-sectional
area [3, 4]. Given this and the previously discussed fluctuations of hormones throughout the
menstrual cycle, it has been hypothesized that
muscle strength and therefore performance may
be enhanced during certain points in the men-
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strual cycle. Most human studies have been
unable to find differences in muscle strength during different menstrual cycle phases, but a small
amount of research suggests that there may be an
increase in muscle strength around the time of
ovulation [5, 6]. During this time in the cycle,
estrogen levels are high, while progesterone levels are low.
There is evidence to suggest that estradiol
plays an important role in diminishing muscle
damage and preserving muscle function after
intense non-weight-bearing, eccentric exercise
[7]. In a study by Savage, after performing eccentric exercise, normally menstruating females had
lower serum levels of muscle injury markers than
both male subjects and female subjects on OCPs.
Also of note in this study, all groups demonstrated an expected ~10% loss of strength 24 h
after exercise, but normally menstruating women
observed no further loss, while the other two
groups continued to demonstrate significant
losses in leg strength up to 48 h post exercise.
Other studies have reported similar results, suggesting that estrogen levels in normally menstruating females play a role in reducing muscle
recovery time [8]. Though these findings have
not been demonstrated in association with
weight-bearing activity, this information is useful
in planning strength training sessions for
athletes.

66.4.2 Tendons and Ligaments
Estrogen may also decrease the stiffness of both
ligaments and tendons, suggested by the changes
in knee laxity in association with estrogen levels
during the menstrual cycle [9]. In a study by
Shultz, knee laxity gradually increased in women
as estradiol levels began to rise around the time
of ovulation. In vivo measurement of tendon
stiffness is also lower in women compared to
men during maximum isometric loading. Tendon
laxity may be responsible for the decreased level
of exercise-associated muscle damage described
in the previous section. Tendon laxity may
dampen the impact of contraction on muscle tissue [10]. Overall, female athletes suffer more
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ligament tears and fewer muscle injuries than
their male counterparts [11]. A direct relationship
has been described between ACL laxity and rupture [12]. Therefore, it is thought that one of the
reasons female athletes suffer more ACL injuries
is because of increased ligamentous laxity.

66.5

Biomechanical Differences

During puberty, female hips widen in anticipation of childbirth [13]. The wider pelvis results in
an increased inward slant of the femur. The knee
joint also then sits medial to the hip joint after
this widening occurs. The relationship between
the hip joint and the knee can be objectively characterized by measuring a quadriceps angle (Q
angle). The female Q angle is about 3° greater
than males (17° vs. 14°), leading to an increased
predisposition to a variety of knee pathologies.
Non-modifiable anatomical risk factors that
have been associated with a higher risk of ACL
injury in females are generalized joint laxity (as
discussed in the previous section), ACL notch size
and shape, and posterior tibial slope [14]. The
PPE can be used to screen for biomechanical risk
factors associated with higher rates of ACL injury,
especially for female athletes participating in pivoting and cutting sports such as basketball.
The single leg landing test is one of the best
ways to evaluate for biomechanical deficiencies,
such as decreased knee, hip, and trunk flexion.
The maximum knee valgus not to be exceeded is
different between male and female at 5° and 10°,
respectively [15–17]. Excessive knee valgus and/
or the presence of a heavy landing pattern involving very little knee, hip, and trunk flexion may
increase the risk of future knee injury or reinjury,
such as noncontact ACL injuries [18].

66.6

Neuromuscular Differences

Neuromuscular factors such as muscle imbalances, core strength, neuromuscular control,
physical fitness, muscle fatigue, and sport-skill
level have been found to be risk factors contributing to ACL injury in female athletes [19, 20].

During 3D motion analysis, female athletes
had a greater knee abduction angle when preparing to perform a directional change compared
with male athletes [17]. Studies on side-cutting
show that women produce smaller knee flexion
angles and greater valgus moments during jumping and side-cutting drills. Studies on sex differences in muscular activation during jumping or
cutting have shown a tendency to higher activation of quadriceps and lower activation of hamstrings in females compared to males. The lower
neuromuscular pre-activity of the hamstrings
among females supports the notion that female
athletes display different neuromuscular strategy
in situations where ACL injuries occur. The
Landing Error Scoring System (LESS) is a neuromuscular screening test in which landing posture
is observed after a drop landing from a 30-cmhigh platform [21, 22]. From this observation, a
risk score is calculated—a higher score reflecting
higher risk movement patterns. The most recent
PPE monograph recommends consideration of
the LESS screening test for female athletes.

66.7

 nterior Cruciate Ligament
A
Injury

ACL tears in female athletes occur at a rate of
0.29 per 1000 athlete exposure compared to only
0.07 per 1000 athlete exposure for men [23].
Similarly, in women’s collegiate basketball, ACL
injury has been reported at a rate of 0.22 per 1000
athlete exposures compared to the men’s rate of
0.08 per 1000 exposures [24]. A relatively high
rate of noncontact ACL injuries in female athletes has long been reported, as high as 70% of all
ACL tears sustained by female athletes. Female
athletes have five times the rate of noncontact
ACL tears than men [25]. Both intrinsic and
extrinsic factors, many of which have been discussed earlier in this chapter, have been studied
to determine why the incidence of ACL tears is so
high. As a result of some of the studies exploring
biomechanical differences, there has been an
emphasis on hamstring strengthening for female
athletes and neuromuscular training to improve
the biomechanics of female athletes [26–29].
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Plyometric training has been shown to increase
the change of direction ability, but it is unclear
whether this will lead to decreased injury rates
[30]. In one study, the rate of noncontact ACL
injury decreased 72% in athletes who underwent
preseason neuromuscular training [31, 32].
In those who have had the ACL reconstructed,
sex has not been determined definitively as a risk
factor for ACL graft rupture, and in fact, males,
particularly younger males, have been shown to
be at greater risk [33–35]. However, females may
be at higher risk for subsequent contralateral
ACL injury [17, 36]. Before returning to basketball after ACL reconstruction, many experts
would recommend assessments of jumping/landing, change of direction, reactive agility, sport-
specific activity, and psychological readiness.
Currently, however, there are few studies examining criteria-based return to sport (RTS) decisions
following ACL reconstruction, and it is not clear
that RTS programs reduce the risk of a subsequent anterior cruciate ligament injury [37].

66.7.1 E
 strogen Levels and ACL
Injury Risk
As touched on earlier in this chapter, there is
interest in better understanding the relationship
between the menstrual cycle and risk of sustaining an ACL injury. In several studies, the ACL
injury risk was lowest during the luteal phase and
highest late in the follicular phase around the
time of ovulation [38]. As discussed in an earlier
section in this chapter, around the time of ovulation is when knee laxity has also been reported to
be increased [9]. This time also correlates with
the time of highest estradiol concentration.
A systematic review has also examined the
association between oral contraceptive use and
ACL injury risk. The authors concluded that the
use of an oral contraceptive pill might reduce
injury risk by as much as 20%. This may be secondary to the absence of a peak in estradiol. It
has also been noted that those on oral contraception have a lower tendon collagen turnover rate,
which may also improve tendon and ligament
stiffness [38].
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66.8

Female Athlete Triad/RED-S

While the prevalence is higher in endurance, aesthetic, and weight class sports, the female athlete
triad also affects female basketball players. The
female athlete triad involves three interrelated
components: (1) low energy availability (EA)
with or without disordered eating, (2) menstrual
dysfunction, and (3) low bone mineral density
(BMD). The triad is illustrated in Fig. 66.2.
Energy availability is the energy remaining for
normal metabolic processes after the energy cost
of training has been subtracted. The other two
components happen as a result of low energy
availability. Studies have shown that a sustained
EA less than 30 kcal/kgFFM/day can lead to suppressed hypothalamic–pituitary axis hormones.
A goal EA for most athletes should be closer to
45 kcal/kg FFM/day.
Low energy availability can happen inadvertently, can be from disordered eating, and sometimes is a result of a clinical eating disorder. A
recent study by Silva et al. calculated daily energy
needs for elite female basketball players to average approximately 3500 kcal/day which can be
challenging to obtain for some athletes. Risk factors for low EA include restrictive diets, exercising for extended periods of time (endurance
sports), and a personal history of abuse, low self-
esteem, or family issues. It is important to note
that athletes may stay at a stable weight but also
be in a state of low EA at the same time. This may
happen as a result of suppression of other physiologic functions.
As part of the triad, females with low EA may
experience functional hypothalamic amenorrhea
(FHA). In FHA, the loss of menstrual cycle is
presumed to be from functional disruption of
pulsatile hypothalamic gonadotropin-releasing

hormone (GnRH) secretion. This abnormal
GnRH secretion leads to decreased pulses of
gonadotropins, an absent midcycle surge in
luteinizing hormone (LH) secretion, absence of
normal follicular development, anovulation, and
low serum estradiol (E2) concentrations. This
can manifest as either primary amenorrhea (no
onset of menarche by age 15) or secondary amenorrhea (absence of menstrual cycle for 3 consecu-
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Fig. 66.2 The Female Athlete Triad. The spectrum of
energy availability, menstrual function, and bone mineral
density along which female athletes are distributed (long
arrows). An athlete’s condition can change in one direction or the other, according to her diet and exercise habits.
Energy availability, defined as dietary energy intake minus
exercise energy expenditure, affects bone mineral density

both directly via metabolic hormones and indirectly via
effects on menstrual function and thereby estrogen (short
arrows). (Used with permission from: Muradas K, Costa
L, Seijas R, Álvarez-Díaz P, Ares O, Sallent A, Cugat
R. Female Athlete Triad Syndrome: Prevention. Int
Journal of Orthopaedics 2015 February 23 2(1):
205–209)

tive months). However, many athletes may not
experience amenorrhea but instead may experience more difficult to diagnose subclinical menstrual disorders.
The last component of the female athlete triad
is low bone mineral density. When an energy
deficient state is partnered with a hypoestrogenic
state, markers of bone formation are suppressed,
and markers of resorption are elevated. Mild to
moderate low BMD has even been found in athletes with oligomenorrhea and subclinical menstrual disorders. The most severe clinical end
point of this component is osteoporosis. Z-scores
from a DXA scan, comparing bone density to
age-matched controls, are used to diagnose low
BMD or osteoporosis [39]. A delay in menarche,
oligomenorrhea/amenorrhea, and/or low bone
mineral density are significant risk factors for
bone stress injuries in athletes [40], which will be
discussed later.
Early detection of athletes at risk is pivotal
and an expert panel on the triad recommends
including screening for components of the triad
as part of the standard preparticipation physical.
This screening is most often performed at the collegiate level but would likely be beneficial at
even the high school level (95% of peak bone

mass is reached by age 20). Any concern for one
component of the triad should prompt a more
thorough investigation for the others as well.
While many standard PPE forms do contain
questions that screen for the triad, the consensus
panel offers a standardized set of questions which
can be found in their 2014 paper. The Low Energy
Availability in Females (LEAF) Questionnaire
can also be used as a screening tool.
In regard to treating the triad, increased
caloric intake (often associated with weight
gain) that leads to restoration of menstrual function has been linked to improvement of
BMD. Therefore, initial treatment should be
increasing energy availability by either increasing caloric intake or decreasing energy expenditure during exercise. Treatment should also focus
on identifying and correcting the underlying
causes of low energy availability. Assistance
from behavioral health/psychology may be helpful in athletes with disordered eating and eating
disorders. Managing an athlete with the triad
may be challenging as components may be hard
to identify, especially if athletes do not provide
accurate information. Athletes may also be resistant to engaging in treatment given that it often
mandates them having to gain weight. Having a
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multidisciplinary team on board, including a
physician, dietician, and a behavioral health
expert, is optimal [39].
Relative energy deficiency in sport (RED-S) is
a relatively new term, introduced to emphasize
that effects of sustained low EA can extend
beyond bone health and menstrual function. The
term RED-S is also used to broaden this concept
to male athletes [41].
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66.10 Pregnancy

As more women participate in sports, the rate of
pregnancy at all levels of play has increased. In
general, exercise is recommended during uncomplicated singleton pregnancies. Physical activity
during pregnancy is associated with fewer newborn complications and significant maternal benefits including decreased risk of preeclampsia
and gestational diabetes. Exercise during pregnancy is not associated with preterm labor, mis66.9 Stress Fractures
carriage, or birth defects [48].
The risks associated with playing basketball
Women have higher rates of stress fracture than during pregnancy can be divided into physiologic
men. In a study of collegiate athletes, women risk and risk of trauma/collision. The American
were more likely to sustain a stress fracture than College of Gynecology (ACOG) recommends
their male counterparts [42]. Stress fractures of avoiding contact sports, which includes basketthe foot followed by tibia were the most common ball, during pregnancy as participation in these
in women. Over one-fifth of stress fractures in activities could increase the risk of abdominal
collegiate athletes were found to be recurrent and therefore fetal trauma. There is an opacity of
[43]. Apart from low bone mineral density, often data regarding physiologic risk of high intensity
seen as part of the female athlete triad (discussed aerobic activity in elite athletes during pregnancy.
earlier in this chapter), women may be at a higher However, the current recommendation is that
risk for stress fractures because of their relatively women who habitually engage in vigorous intenlower amount of muscle mass. Muscle can both sity aerobic exercise can continue physical activact to disperse and to absorb the forces that lead ity during pregnancy if they stay healthy and
to stress fractures [44]. Interestingly, participa- follow up closely with their provider [49].
tion in ball sports during youth (basketball) may Resistance training is also recommended during
reduce the future risk for stress fractures in run- pregnancy, and there is no evidence that suggests
ners and military [45].
that weightlifting increases risk of miscarriage
The location of the stress fracture often dic- [50]. A provider may want to follow up more
tates treatment [46]. For low risk fractures such closely with an elite athlete who is continuing to
as the fibula, lateral malleolus, calcaneus, cuboid, train in order to ensure adequate caloric intake. In
cuneiform and distal metatarsal, treatment con- general, pregnant female basketball players may
sists of rest followed by graduated return to play continue to participate in noncontact aerobic conover several weeks as pain resolves. Higher risk ditioning as well as strength training.
stress fractures, such as femoral neck, femoral
During pregnancy, several physiologic changes
shaft, and tibial, may require operative interven- such as increased heart rate (at rest and during
tion to stabilize the bone to promote healing, activity), increased cardiac output, increased minespecially after a trial of limited or no weight- ute ventilation, and increased oxygen consumpbearing [46, 47].
tion occur as early as the first couple of weeks.
For athletes managed with nonoperative treat- This increase in oxygen consumption may cause
ment, location and severity of the stress injury some women to experience a decline in exercise
determined by imaging should help guide timing tolerance. A small number of studies have meaof return to sport [47]. If surgery is required, sured VO2 max during pregnancy. A few of these
imaging of postoperative healing guides RTS as studies have shown that well-conditioned athletes
well as recovery of strength, agility, endurance, who maintain a high level of fitness during pregand the ability to perform sport-specific tasks nancy may experience an increase in VO2 max
pain-free.
following pregnancy [51].
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Increased ligamentous laxity occurs during
pregnancy and is thought to be secondary to the
hormone relaxin as well as increased estrogen.
Pregnant female athletes may want to consider
avoiding ballistic activities and unnecessary
loads on joints. Pregnant athletes, especially basketball players who may experience increased
load on the pelvic floor during jumps and other
high-impact exercises, may also want to consider
participation in pelvic floor training to reduce the
risk of urinary incontinence and other pelvic
floor complications. Lastly, during pregnancy
there is also an increase in weight and a shift in
center of gravity, increasing the risk of falls [48].

66.11 Postpartum
and Breastfeeding
The postpartum period has been typically defined
as the first 6 weeks following delivery. However,
recent effort has been made to dispel this arbitrary definition. Some groups define the postpartum period as the first 12 weeks following
delivery, some, the first year, and others argue
that once a female is postpartum, she is always
postpartum. It is important to recognize that time
of recovery may vary tremendously. Postpartum
return to sport should be an individualized process. There is very limited research on athletes
returning to activity and sport after childbirth.
Some studies on physically fit soldiers have
found that the amount of time needed for postpartum soldiers to return to prepregnancy fitness levels ranged from 2 to 24 months, with a mean of
11 months. Early return to heavy physical activity after delivery may increase the risk of urinary
incontinence and pelvic prolapse in the general
population, but this has not been investigated in
female athletes. It may be advisable that athletes
whose delivery involved increased pelvic floor
stress (large baby, operative vaginal delivery)
minimize activities that increase intra-abdominal
pressure or result in high impact for the first several months postpartum while they retrain/
strengthen their pelvic floor. Some females may
also experience diastasis recti during pregnancy.
This generally resolves during the early postpartum period but may persist in some, resulting in

core weakness, hip pain, and back pain. At this
time, there is insufficient evidence as to the optimal postpartum rehab program for this condition.
Those who have undergone cesarean birth should
be cleared by obstetric provider before returning
to exercise. It is important to note that the abdominal fascia regains less than 60% of its original
tensile strength in the first 6 weeks following surgery. In general, postpartum women should
return to exercise gradually and progress their
time, frequency, and intensity as tolerated by
their body.
The World Health Organization recommends
exclusively breastfeeding for the first 6 months
and if possible, continuing to breastfeed for the
first year or longer. There is no evidence that
intense exercise impairs milk production as long
as caloric needs are met and hydration is maintained. In fact, high-volume aerobic activity may
result in greater quantity and quality of breast milk
[49]. It is important to note that breastfeeding may
contribute to increased resorption of bone and
decreased bone mineral density, which hypothetically could increase the risk of stress fracture. For
most, this loss in BMD is restored in the months
following cessation of breastfeeding [50].

Take-Home Messages

As the number of females participating in
athletics in general and basketball in particular has grown, the research surrounding
female hormones, biomechanics, and neuromuscular differences and their relationship with female athlete performance and
injury risk has increased. Furthermore, discussion and knowledge surrounding the
female athlete triad has significantly grown.
Lastly, physical activity is now promoted
during pregnancy and breastfeeding and
sport participation are no longer seen as
mutually exclusive.
Current data suggests the following:
1. Gains in strength training may be
enhanced when intense training is performed late in the follicular phase,
around the time of ovulation.
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2. Exposure to high estrogen levels is
associated with increased tendon and
ligament laxity.
3. ACL injury may be increased around
the time of ovulation and use of oral
contraceptives may reduce this risk.
4. Preseason neuromuscular training may
decrease the risk of ACL injury.
5. Female athletes are at risk for the
Female Athlete Triad and should be
screened for this condition to aid in
early detection and intervention.
6. Location and severity of stress fractures
should guide management and return to
play decisions. Some high-risk stress
fractures may require surgical treatment.
7. Female basketball athletes can continue to
participate in noncontact physical activity
during pregnancy and return to sport postpartum should be individualized.
While great advances have been made in
the care of female athletes, there is still
substantial room for further research and
advancement.
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67.1

Introduction

Basketball continues to be a popular sport
among youth and adolescent athletes. Recent
national survey data estimate that in the United
States, 970,983 high school athletes and
4,225,321 children aged 6–12 participate in basketball on a regular basis, annually [1, 2]. While
the benefits of youth sports participation are
both expansive and innumerable, [3–9] there
underlies an inherent risk of injury, given the
training and athletic maneuverability required
in basketball, such as frequent pivoting and
jumping. In high school basketball, the ankle
and foot have been consistently identified as
most commonly injured, with diagnoses of ligament and muscle/tendon strains made most frequently [10, 11]. Similar injury patterns have
been found in school-aged children and adolescent basketball players, where the most common injury diagnosed over an 11-year period
was a strain or sprain to the lower extremity,
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especially the ankle [12]. Although similar
injury patterns exist also at both the collegiate
and professional levels [13, 14], youth and adolescent athletes are a unique population as these
athletes also have unique musculoskeletal and
social considerations that need to be taken into
account.

67.2

Development of the Youth
Basketball Player

The Long-Term Athlete Development (LTAD)
Model is “the planned, systematic, and progressive development of individual athletes … and
answers one fundamental question: What needs
to be done at each stage of human development to
give every child the best chance of engaging in
lifelong, health-enhancing physical activity; and
for those with the drive and talent, the best
chance of athletic success?” [15]. Despite its
generic (rather than individualized) approach and
a lack of empirical evidence upon which the
LTAD model is built, many national governing
bodies have endorsed it as a first step toward athletic development [16]. US Basketball has developed its own “Player Development Curriculum”
based on the LTAD Model in order to provide a
practical, functional, and sequential development
model to properly impart the game to a player
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Stage 1: Active Start (Approximate Age 0–6)
Opportunities for children to
be physically active each day
should be provided within a
safe, fun environment.
Activity should incorporate
fundamental movement skills
in water, on the ground, in the
air (gymnastics), and on ice
and snow (skiing and
snowboarding) to maximize a
child’s physical potential.

Stage 2: Fundamentals (Approximate Age 6–9)
Children should be
learning all fundamental
movement skills (building
overall motor skills).
Again, it is stressed that
participation in basketball
should be limited to once
or twice a week, with daily
participation in other sports
for further excellence.

Stage 3: Learning to Train (Approximate Age 8–12)
Incorporates learning all
fundamental and basic
basketball-specific
skills. A 70:30 training
to competition ratio is
recommended.

Stage 4: Training to Train (Approximate Age 12–15)
Includes building the
aerobic base, building
strength towards the end of
the stage and further
developing basketball skills.
A 60:40 training to
competition ratio is
recommended.

Stage 5: Training to Compete (Approximate Age 14–17)
Adolescents optimize
fitness preparation as
well as basketball,
individual, and
position-specific skills.
The training to
competition ratio shifts
to 50:50.

Stage 6: Training to Win (Approximate Age 17+)
Includes maximizing fitness preparation as
well as basketball, individual, and positionspecific skills. Training to competition ratio
changes to 25:75.

The Introductory Level

The Foundational Level

The Advanced Level

The Performance Level

Introduces movement skills and builds overall
motor skills. Importantly, participation in
basketball once or twice per week is
recommended, but daily participation in other
sporting activities is stressed. Group skills
competitions and introduction to team
principles/concepts are also introduced at this
level.

Athletes develop all fundamental
and basic basketball-specific
skills. The majority of time is
spent on individual training.
Position concepts are taught, but
positions are not yet assigned.

Athletes develop the aerobic base,
and build strength at the end of this
level and further develop overall
basketball skills. More time is spent
in competition including 5x5 play,
special games, as well as team
oriented practices.

Focuses on maximizing fitness and
competition preparation as well as
individual and position specific skills.
Competition, including team oriented
practices and other competitionspecific preparations outweighs
individual training.

Fig. 67.1 USA Basketball’s Player Development Curriculum. (Not Shown is Stage 7: Basketball for Life, where athletes are retained for recreational play, coaching, administration, officiating, and other basketball-related activities)

[17]. The “Player Development Curriculum”
consists of four levels and seven stages summarized in Fig. 67.1.

67.2.1 T
 he Importance of Avoiding
Early Single Sport
Specialization in LTAD
Athletes who play multiple sports during early
development have been shown to demonstrate
improved physical and gross motor skills such as
greater dynamic balance and landing techniques
[18–20]. Compared to youth athletes who play
multiple sports, the potential consequences of
early single sport specialization include both an
increased risk of emotional issues (burnout,
social isolation, overdependence) as well as
overuse injuries [21, 22]. In basketball, the benefits of playing multiple sports in high school
have been previously demonstrated at the highest level. Rugg et al. [23] examined 237 firstround National Basketball Association (NBA)
draft picks and found that while only 15% were
multisport athletes in high school, the multisport
cohort played in significantly more games and

were less likely to sustain a major injury during
their NBA careers. While USA Basketball certainly mentions the importance of playing multiple sports during early development and
training in the LTAD model, the NBA supports
the concept of sport sampling and delaying single sport specialization as well, but for even longer—up
until
mid-adolescence
to
late-adolescence [24]. Research on the risks of
single sport specialization in youth athletes is
increasing, but more questions than answers
exist including the following: the need to identify the age range at which single sport specialization is clearly detrimental for each sport and
to determine the risk of improper, repetitive form
on soft tissue or bony overload in a specific sport
all in the setting of changing musculoskeletal tissue properties during adolescence [25]. Some of
the more common overuse injuries that can result
from single sport specialization in youth athletes, including basketball, include apophyseal
injuries, injuries to the developing joint surfaces
(osteochondral lesions), and stress reactions and
fractures [21]. Ligamentous injuries and sportrelated concussion are also injuries that warrant
discussion.
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• The Long-Term Athlete Development
Model (LTAD) was developed to provide a framework for the development
of fundamental skills allowing for the
creation of both lifelong exercisers and
elite-level athletes.
• Playing multiple sports (i.e., “sport sampling”) early in development has been
shown to lead to improved physical and
gross motor skills.
• Early single sport specialization may
lead to psychological concerns as well
as overuse injuries.

67.3

I njuries Common or Unique
in the Youth Basketball
Player

67.3.1 Epiphyseal Plate
and Apophyseal Injuries
Children are skeletally immature with open
growth plates, making the physis and epiphysis
important considerations in youth and adolescent
sporting injuries. There are two types of epiphyses: pressure and traction (apophyses), the latter
of which is a normal bony outgrowth that arises
from a separate ossification center, fuses with
bone overtime, and is the attachment site of a tendon or ligament [26]. The epiphyseal plate is
2–5× weaker than the surrounding fibrous structures (ligaments, tendons, joint capsule) in children when compared to adults, so a force that
would cause a ligament or tendinous tear in adults
is more likely to cause an epiphyseal plate or
apophyseal injury in a growing child [27–31].
Epiphyseal plate injuries, also known as
Salter–Harris fractures, have been classified as
follows: Type I is through the growth plate, Type
II through the growth plate and metaphysis,
Type III through the growth plate and epiphysis,
Type IV through the growth plate, epiphysis, and
metaphysis, and Type V is a crush or compression injury of the growth plate [32].
Type II fractures are the most common (75%),
followed by types III (10%), IV (10%), I (5%),
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and type V which is very rare [33]. Patients report
a traumatic event resulting in joint pain and the
inability to bear weight with limited range of
motion. They may have swelling and tenderness
over the physis, and it is important to note that
symptoms may mimic ligamentous injury, which
may lead to misdiagnosis [33]. If suspicious for a
Salter-Harris fracture, radiographs are first-line
imaging; CT can provide a more detailed analysis
of the physis, as well as fracture extent and alignment; and MRI can offer additional information
about chronic injuries, potential avascular necrosis, and more detail regarding surrounding soft
tissues [34]. Type I and II fractures could be managed nonoperatively with closed reduction and
casting or splinting, whereas Type III and IV fractures usually require open reduction and internal
fixation [33]. Complications, including further
injury and growth arrest, can arise if these fractures are not detected, which becomes important
in the setting of Type V injuries as these fractures
can be easily missed, involve the germinal matrix,
and have a high potential for growth arrest [33].
The apophysis can be injured either acutely or
chronically. Additionally, apophyseal injuries can
range in severity from inflammation (apophysitis)
to frank avulsion of the secondary growth center.
Acute injuries and avulsion fractures are typically
due to forceful, violent eccentric contractions and
inherent weakness across the unfused growth
plate, whereas chronic injuries are seen in athletes
undergoing long periods of intensive training [26].
Data regarding acute apophyseal injuries (including avulsion fractures) and chronic apophyseal
injuries in youth sports have been primarily published as case series or case reports, and in basketball specifically, injuries to the tibial tubercle
(Osgood–Schlatter’s), inferior pole of the patella
(Sinding Larsen Johansson) calcaneus (Sever’s),
fifth metatarsal tuberosity (Iselin’s), and medial
malleolus have been documented [26, 35–41].
The incidence of tibial tuberosity apophysitis
(Osgood–Schlatter’s disease) is thought to be as
high as 9.8% in adolescents aged 12–15, affecting
boys and those who play sports such as basketball
more [42–45]. Patients with Osgood–Schlatter’s
disease usually present with atraumatic anterior
knee pain worsened by activities, such as jumping. Modifiable risk factors such as athletic shoes
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worn and playing surface used should be inquired
about [46]. Patients are tender to palpation at the
patellar tendon insertion site at the tibial tuberosity. Radiographs may be normal or reveal fragmentation with overlying soft tissue swelling [47]
(Fig. 67.2).

Fig. 67.2 Lateral knee radiograph
Osgood–Schlatter’s disease

a

demonstrating

MR will show enlargement of the apophysis
with T2 hyper intense edema and enhancement in
the bone, tendon, physis, and surrounding soft
tissue, specifically edema in the infrapatellar tendon, tibial tuberosity apophysis, and infrapatellar
fat pad in Osgood–Schlatter’s disease [47]
(Fig. 67.3a and b).
Osgood–Schlatter’s disease is self-limiting
but can persist for years until the apophysis closes
[44]. Conservative therapy including ice,
NSAIDs, and stretching can help reduce pain levels and a knee brace or patella strap can be worn.
Activity modification should be based on the
level of pain the athlete is experiencing.
In the more traumatic setting, athletes with
tibial tuberosity avulsion fractures will report
an acute event that caused the injury often
accompanied by a “pop” and inability to continue in their activity. Plain films and CT can
help characterize the pattern of injury and displacement. Displacement of one or more fragments of the tuberosity anterosuperiorly and
extension of the fracture through the proximal
tibial ossification center into the joint with disruption of the articular cartilage are indications
for surgery and can be managed with closed
reduction and percutaneous pinning, ORIF with

b

Fig. 67.3 (a and b) Sagittal T1 proton density weighted (a) and T2 fat-saturated MRI sequences demonstrating
Osgood–Schlatter’s disease
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compression screws, or with supplemental buttress plating [48, 49].
Calcaneal apophysitis (Sever’s disease) is a
common case of heel pain in adolescent athletes,
but reported incidence and prevalence rates are
limited [50]. A recent study recorded incidence
estimates of 3.7 per 1000 persons aged 6–17,
affecting boys more often [51]. Risk factors
include higher BMI as well as differences in foot
posture (pronated foot while weight-bearing) and
ankle joint range of motion [52]. Patients complain of heel pain and difficulty with athletic
activities such as jumping and sprinting, and
often limp or walk on their toes to avoid putting
weight on their heels [53]. Patients are tender at
the insertion of the Achilles tendon at the posterior aspect of the calcaneus. A diagnosis of
Sever’s disease does not require imaging but
should be utilized if there is concern for other
causes of heel pain including fractures, dislocations, bone cysts, an osteoid osteoma, or conditions of the tarsal bones [47, 53, 54].
Treatment includes a combination of conservative management including activity restriction/
modification, stretching of plantar flexors and the
Achilles tendon, NSAIDs, and heel cushioning or
orthotic inserts [53]. There is limited evidence to
make recommendations about the management
of calcaneal avulsion fractures, and these injuries
are best managed on a case-by-case basis [49].
Apophysitis of the fifth metatarsal tuberosity
(Iselin’s disease) is a known cause of lateral foot
pain in children engaging in sports [55]. While it
can result from repetitive overuse, it can also
arise from a simple inversion injury [56].
Unfortunately most of the literature documenting
Iselin’s disease are case reports or case series
[57]. Patients present with lateral foot pain when
weight-bearing and/or with activity, and may also
demonstrate swelling and tenderness at the base
of the fifth metatarsal. Engaging the peroneus
brevis with resisted eversion and ranging the
ankle may recreate pain. Oblique view plain films
are most useful and may show a fleck of bone
oriented longitudinally to the long axis of the
metatarsal [55]. Radiographs and the clinical history are useful in ruling out other variants or
pathology affecting the base of the fifth metatar-
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sal including a Jones fracture, avulsion fracture,
stress fracture, and Os Vesalianum [58].
Treatment for Iselin’s disease often involves conservative management including rest, activity
modification, and pain control; however in some
cases immobilization with a boot or short-leg cast
may be necessary [57, 59].

• Youth athletes are more likely to injure
their physis or epiphysis rather than
their soft tissues.
• Osgood–Schlatter’s,
Sever’s,
and
Iselin’s disease can be causes of pain in
youth basketball players.
• These injuries can be managed conservatively with rest, activity modification,
physical therapy, and pain control,
whereas some avulsion fractures may
require surgical fixation.

67.3.2 Osteochondral Injury
Osteochondral injury, most notably juvenile
osteochondritis dissecans (JOCD), has been
identified as a frequent cause of joint, especially
knee, pain in adolescent athletes and also in basketball players [60–62]. The incidence of JOCD
is estimated to be between 11 and 29 per 100,000
individuals under the age of 19 [63, 64]. The true
etiology of JOCD is unknown but is thought to be
multifactorial, including focal repetitive trauma
at sites with unique vascular architecture, triggering ischemic events that cause subchondral bone
to separate with cracking of the overlying articular cartilage and loosening of the piece further in
later stages [65, 66]. Kessler et al. [67] found that
JOCD in the knee has a higher incidence in those
aged 12–19 compared to other age groups, and
moreso in boys than in girls. The authors also
found that the medial femoral condyle was the
most common location (63.6%) for JOCD, followed by the lateral femoral condyle (32.5%) and
patella (1.5%) [67].
In the early stages of JOCD, athletes will present with nonspecific knee pain, stiffness with or
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after activities, and occasional effusions, whereas
in the later stages, mechanical symptoms such as
grinding, locking, and catching are more common when loose or detached lesions are present
[68–72]. Wilson described a test to identify the
presence of JOCD in the medial femoral condyle,
[73] which involves internally rotating the tibia
during 30–90° of knee flexion to recreate pain,
and then externally rotating the tibia to abate
symptoms; however, the test has proven to be of
limited diagnostic value and there are no pathognomic symptoms or signs of JOCD [74–76].
JOCD is often seen on plain radiographs and
appear as a circumscribed area of subchondral
bone separated by a crescent-shaped sclerotic
radiolucent outline [77]. One of most commonly
utilized classification systems for OCD on plain
films is that of Berndt and Hardy [78]. MRI has a
high degree of sensitivity and is useful for the
diagnosis, judging stability, and follow-up of
OCD lesions due to its ability to assess surrounding cartilage and subchondral bone, which are
unable to be evaluated fully on plain films [76]
(Fig. 67.4a, b).
a

Factors such as a high T2-signal intensity line
surrounding the lesion, a fluid-filled cartilage
defect, the presence of subchondral cysts, and a
high T2-signal fracture line in the articular cartilage have been shown to be useful in characterizing OCD lesion instability in adults (which
directs management) [79]; however, MR and
these characteristics do not reliably predict instability well in skeletally immature patients with
great certainty [77, 80–84].
A large majority (50–67%) of JOCD lesions
heal in 6–12 months with nonoperative management [83, 85–88] and thus initial treatment
includes immobilization, limited weight-bearing,
and/or activity restriction for at least 3–6 months
[76]. Diagnostic arthroscopy and surgical intervention are recommended for stable lesions refractory to nonoperative management and for unstable
lesions, including those with an intact articular
surface but with an atypical location, large size,
mechanical symptoms, or closing physis, as well
as for lesions with clinical and imaging signs suggestive of instability [76]. One of the first diagnostic arthroscopic classification systems developed
b

Fig. 67.4 (a and b) Coronal T2 MRI sequences demonstrating an osteochondral lesion about the medial femoral condyle (MRI)
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was Guhl’s [89]. The Research in Osteochondritis
of the Knee (ROCK) group has since recently
developed a diagnostic arthroscopic classification
system with high interrater reliability that first
separates lesions based on whether or not they are
immobile or mobile and then based on the severity
of cartilage damage [90]. Surgical options for
these lesions include retroarticular drilling, with/
without in-situ internal fixation; debridement,
reduction, and internal fixation with/without bone
graft; or if needed osteochondral autograft (OATS),
fresh osteochondral allograft, autologous chondrocyte implantation (ACI), or matrix-induced autologous chondrocyte implantation (MACI), all
depending on displacement and whether or not the
lesion is salvageable [76].

• JOCD can be a cause of knee pain in
adolescent athletes and basketball
players.
• It has a predilection for older boys at the
medial femoral condyle and is thought
to have a multifactorial etiology.
• Plain films and MRI may help characterize these lesions.
• Most lesions can successfully be treated
nonoperatively, but diagnostic arthroscopy and operative intervention may be
needed if the lesion is unstable or if the
patient’s symptoms are refractory to
conservative management.

67.3.3 Stress Fractures
Stress fractures in youth or adolescent athletes
are typically due to abnormal chronic repetitive
stress on bone, leading to bone remodeling with
resorption outpacing replacement, ultimately
causing a stress reaction and eventual fracture
[91]. In a large epidemiologic study evaluating
stress fractures in high school athletes, fractures
were most common in track and field, cross
country, and gymnastics; however, girls’ basketball was also considered a “high-risk sport”
(injury rate: 2.71 per 100,000 AEs) [92]. These
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data are similar to a study by Field et al. [93] who
found that in 267 preadolescent and adolescent
girls who sustained stress fractures, the sport of
basketball was also considered a risk factor.
Importantly, the female sex is a known risk factor
for stress fractures, as younger nulliparous
women with lower BMIs who train frequently are
likely to have menstrual disturbances resulting in
lowered estrogen levels and thus lower bone mineral density, accelerated bone remodeling, and
negative calcium balance [94]. The most common anatomical locations of stress fractures were
found to be the lower leg and foot in both boys’
and girls’ high school basketball [92]. Similarly,
in a case series of 196 adolescent and older athletes (mean age 20.1 years old) who sustained
stress fractures, basketball players typically
injured their tibial shaft and medial malleolus or
metatarsal bones [95].
On presentation and exam [96, 97], athletes
with stress fractures report an atraumatic insidious onset of pain after an increase in intensity or
volume of training. They report that the pain
occurs with activity and subsides with rest. The
athlete demonstrates tenderness to bony palpation at the area of the suspected stress fracture,
and for lower extremity stress fractures, a “fulcrum test” (for femoral stress fractures) or a “single leg hop test” (for tibial stress fractures) can
reproduce the pain and raise the suspicion for
stress fractures versus other conditions, such as
medial tibial stress syndrome. Plain films of the
affected extremity should be taken first if suspicion is high. Radiographs may be negative in the
setting of early stress fractures but when present
or healing, it may demonstrate subtle linear sclerosis, focal endosteal reaction, and a fracture
through one cortex with superimposed periosteal
reaction [94] (Fig. 67.5a and b).
MR imaging, which has very high sensitivity
(100%) and specificity (85%) for stress fractures,
is a second-line imaging modality that can be
obtained when radiographs are normal, pain is of
unknown etiology, or in athletes requiring a
definitive diagnosis [91]. MR with fat suppression has shown promise in grading the progressive stages of stress fracture severity [98]
(Fig. 67.6a–c).
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a

b

Fig. 67.5 (a and b) AP plain films of the left knee showing an occult fracture on presentation (a) and 3 weeks later a
healing stress fracture in the medial proximal tibia (b)

CT can be useful in identifying longitudinal
fracture lines and stress fractures of the spine, but
can miss transverse fractures without reformations, and nuclear medicine scintigraphy affords
the opportunity to see tracer uptake in all three
phases, but has a low specificity for stress fractures, potentially resulting in a high rate of false
positives [91].
In general, those with low-grade stress injuries have been shown to return to activity significantly faster than those with more severe ones
(grade I: 3.3 weeks, grade II: 5.5 weeks, grade
III: 11.4 weeks, and grade IV: 14.3 weeks) [99].
However, management depends not only on the
grade of the fracture but also on whether or not
they are in “low-” or “high-risk” areas. “High-
risk” stress fractures have a higher risk of
protracted recovery, progression to complete

fracture, delayed union, nonunion, and chronic
pain because these specific locations (tension
sided femoral neck, patella, anterior tibia, medial
malleolus, talus, tarsal navicular, proximal fifth
metatarsal, and the great toe sesamoids) have a
region of maximal tensile load in a zone of diminished blood flow that is vulnerable to stress injury
with suboptimal healing [100]. Low-grade stress

injuries at “high-risk” sites should be managed
with absolute rest before returning to play; however, these and other fractures in “high-risk”
locations may eventually require operative management to (1) speed fracture healing and allow
earlier return to play (tibial shaft “dreaded black
line” with intramedullary nailing), (2) reduce the
risk of refracture (internal fixation of a proximal
fifth metatarsal fracture), and (3) to prevent a
catastrophic fracture progression (internal fixation of a femoral neck stress fracture) [101]. On
the contrary, “low-risk” fractures (femoral shaft,
tibial shaft, fibula, calcaneus, metatarsal shaft)
can be managed conservatively, typically with
immobilization or activity and risk modification
depending on the athlete’s symptoms, goals, and
understanding of risks and benefits. For instance,
athletes who are in-season that have pain with no
functional limitations should be able to continue
participation using their pain to guide their activities, whereas those who have pain with functional
limitations should rest and modify their activities
to reach a functional level of pain [101]. As mentioned, “low-risk” stress fractures usually heal
when an athlete is limited to pain-free activity for
2–12 weeks [102].
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67.3.4 Ligamentous Injuries
• Basketball is a risk factor for stress fractures, particularly in adolescent girls.
• The tibial shaft, medial malleolus, and
metatarsal bones most commonly
affected in basketball.
• Plain films are first line for imaging, followed by MRI if radiographs are negative and there is a high suspicion for a
stress fracture.
• Management depends not only on the
grade but also on the anatomical location and whether or not the stress fracture is considered “low” or “high risk.”

a

In a study of U18 adolescent basketball teams in
Finland over three consecutive seasons, the ankle
was the most commonly injured (48%) body
region, with the majority of injuries involving a
joint or ligament (67%), with the most commonly
injured ligament structure being the lateral
complex of the ankle joint [103]. A study of US
high school athletes reported that girls’ and boys’
basketball accounted for the highest incidence of
ankle sprains across nine different team sports,
accounting for nearly a quarter (23.8%) of all
ankle sprains recorded [104]. The study reported

b

c

Fig. 67.6 (a–c) Sagittal T1 proton density weighted (a), and coronal (b) and sagittal (c) T2 MRI sequences demonstrating a stress fracture in the medial proximal tibia
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an incidence rate of 7.74 injuries per 10,000 AEs.
Finally, in a study of children and adolescent basketball injuries treated in emergency departments
across the United States between 1997 and 2007,
strains and sprains (44.8%) of the ankle (23.8%)
were the most commonly made diagnosis.
Most lateral ankle sprains occur during landing after jumping while either rebounding or
shooting the ball [104]. The mechanism of injury
in basketball players has been shown to involve
sudden inversion with or without internal rotation, with low levels of plantar flexion [105].
Some risk factors identified for lateral ankle
sprains include a higher BMI, slower eccentric
inversion strength, fast concentric plantar flexion
strength, passive inversion joint position sense,
and the reaction time of the peroneus brevis
[106].
Typically patients will present with bruising,
swelling, and tenderness over the anterolateral
ankle. They may demonstrate tenderness at the
lateral ankle ligament complex, including the
anterior talofibular ligament (ATFL), calcaneofibular ligament (CFL), and posterior talofibular
ligament (PTFL). Lateral ankle sprains have been
graded based on the severity of the strain, with
grade II and III injuries demonstrating partial or
complete tearing of the ligament, consistent with
anterior drawer test laxity with and without firm
end points, respectively [107]. The Ottawa Ankle
Rules have been previously validated in children
with ankle injuries, and therefore plain films can
be taken if suspicion for a fracture is high [108].
Initial treatment should focus on rest, ice, compression, and elevation immediately after the
injury, as well as early range of motion to help
reduce swelling [107]. Crutches or a walking boot
can be utilized intermittently if unable to bear
weight fully initially. Later on, protection of
inversion with controlled stress on the ligament
through motion, stretching, and strengthening
should be undertaken to restore normal function
and reduce the risk of recurrent injury [109].
Functional bracing or taping can help provide
additional stability by compensating for ligamentous laxity. Generally, the higher the grade of
sprain, the longer the recovery, but once an athlete
can demonstrate normal heel-to-toe gait without
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pain or a limp and can progress through functional
testing relevant for the sport they are returning to,
such as jumping without limitations for basketball, the athlete can return to play [107]. In cases
of severe functional and mechanical instability
with recurrent sprains refractory to nonsurgical
management, operative repair may be necessary
[110]. Medial (deltoid ligament; eversion mechanism) and high ankle (anterior and/or posterior
inferior talofibular ligament, interosseous ligament, and syndesmosis; excessive external rotation of the ankle mechanism) sprains can be more
significant injuries and involve the syndesmosis,
leading to ankle instability that may require operative management [107].

• Ankle sprains are one of the most common injuries in basketball.
• They occur most often when landing on
an inverted ankle after rebounding or
jumping.
• Most injuries can be managed nonoperatively, and functional bracing can be
used to provide additional ligamentous
stability.
• Surgical management may be necessary
in cases of severe functional and
mechanical instability with recurrent
sprains, refractory to nonoperative
management.

Injury to the anterior cruciate ligament (ACL)
of the knee also requires discussion, especially as
it relates to youth basketball. In middle school
and high school Japanese athletes, female high
school basketball players had the highest incidence of ACL injury [111]. In the USA, girls’
basketball had the third highest rate of ACL
injury (10.3 per 10,000 AEs), only behind boy’s
football and girls’ soccer [112]. The authors
found that noncontact mechanisms made up the
majority of ACL injuries in both boys’ (50.8%)
and girls’ (46.0%) basketball [112]. Another
study utilizing video analysis also found that
most injuries were occurred during landing and

67

The Young/Adolescent Basketball Player

without contact. But those movement and landing patterns were likely affected by opponent
before the injury [113]. The likely conditions for
a noncontact injury are an anterior tibial shear
force, knee abduction, and tibial internal rotation
moments [114]. In a recent systematic review,
girls were at a 3.80 times relative risk for ACL
injury compared to boys in the high school basketball population [115]. Along with female sex,
other non-modifiable (generalized joint laxity,
knee recurvatum, increased lateral tibial slope,
decreased size of intercondylar notch, structural
lower extremity valgus, femoral anteversion,
limb length discrepancy, family history, contralateral knee ACL injury) and modifiable (neuromuscular control patterns, gross biomechanical
movement patterns, environmental factors, hamstring and quadriceps strength, core strength and
proprioception, knee flexion angle during jumping/landing, dynamic valgus, and sports played)
have all been previously studied and discussed
[116].
Most patients will present with a traumatic
effusion. A hemarthrosis combined with a positive Lachman’s or anterior drawer test coupled
with a suggestive history raises the positive likelihood of an ACL tear considerably [117, 118].
MR is the preferred imaging modality for ACL
injuries [119] and has been shown to be 95%
sensitive and 88% specific in diagnosing ACL
tears in the pediatric population [120]. Skeletal
age should also be determined for children and
adolescents with open physis in cases where
operative management is required [121]. Partial
ACL tears, where there is not a complete disruption of all the ACL fibers, occur more frequently
in children than in adults, and nonoperative
treatment has been successful in select patients
[121]. For patients with complete tears, ACL
reconstruction is needed. Given that children
have open physis, a variety of reconstruction
options have been developed including extraphyseal, all-epiphyseal, partial transphyseal, and
transphyseal [121]. It is also worth noting that
patients who are skeletally immature can fracture their tibial eminence at the insertion of the
ACL rather than tearing or rupturing their ACL
itself. The mechanisms, presentation, and
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workup are similar to that of an ACL injury.
Plain radiographs can be utilized to visualize the
fracture. CT and MRI can be used to better characterize the fracture or to assess for concomitant
intraarticular injuries (Fig. 67.7a–c).
Meyers and McKeever developed a classification system for tibial spine fractures, with Type I
being non-displaced, Type II displaced anteriorly with an intact posterior cortical hinge, and
Type III being completely displaced [122]. Type
I injuries can be managed nonoperatively with
immobilization in a cast, whereas Type III and,
frequently, Type II fractures can be managed
operatively by a variety of reported techniques
[123].

• ACL injuries are common in basketball,
especially in girls and are usually due to
a noncontact mechanism.
• Most patients present with a traumatic
knee effusion and ligamentous laxity.
• MRI can help characterize the injury
and any concomitant injuries, and radiographs should be taken to determine
skeletal age.
• Partial tears can be managed nonoperatively, whereas complete ruptures will
require reconstruction.
• Skeletally immature athletes can fracture their tibial eminence instead of rupturing their ACL.

67.3.5 Sport-Related Concussion
While there is no single agreed upon definition
for sport-related concussion (SRC), it has been
described as the rapid onset of short-lived neurological impairment often due to a direct blow to
the head, face, neck, or elsewhere on the body
that ultimately resolves spontaneously [124]. In
basketball, most concussions are due to player–
player or player–surface contact while defending, chasing a loose ball, rebounding, or during
general play [125, 126]. In a recent systematic
review and meta-analysis, the incidence of con-
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a

b

c

Fig. 67.7 (a–c) ACL tibial spine fracture demonstrated on a lateral plain film (a), coronal CT (b), and T1 MRI
sequence (c)
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cussion in youth basketball was found to be 0.13
per 1000 athlete exposures (AE), which was the
sixth highest incidence rate of SRC across 12 different sports in athletes under the age of 18 [127].
A diagnosis of SRC is clinical, which can be
challenging, given that nonspecific symptoms
such as headaches, mood changes, dizziness, and
visual changes can also be due to other causes.
The American Medical Society for Sports
Medicine (AMSSM) [128] recommends that
when a provider becomes aware of a potential
SRC, an event history should be taken from the
athlete as well as someone who witnessed the
event. A brief exam including how the athlete
responds to elements of orientation, memory,
concentration, and balance should be conducted
as well as evaluating their cervical spine. If suspicion is still high for SRC after the brief assessment, more thorough and specific concussion
assessments can be administered. Sideline concussion tests, including the SCAT5 and Child
SCAT5, offer a standardized approach to sideline
evaluation, including the assessment of neurological functioning, a symptom checklist, a brief
cognitive assessment, and a balance test [129,
130]. All tests should be interpreted in combination with relevant clinical information.
Most child and adolescent athletes with SRC
will recover spontaneously within 2–4 weeks;
however, a small subset will go on to develop
prolonged symptoms, known as “post-concussive
syndrome” (PCS) [131]. Risk factors for PCS
include a previous history of concussion, preinjury mood disorders, family history of mood disorders, and delayed symptom onset [132], factors
which should be documented and taken note of as
part of the initial workup.
SRC used to be managed with rest, strictly,
until symptoms were completely resolved; however, new data are emerging demonstrating that
sub-symptom exacerbation levels of light activity
and placing athletes in stimulating environments
may actually be more beneficial during recovery
from SRC [133–137]. Most athletes return to
sport based on a graduated return to play protocol
[138], moving from rest to symptom-limited
activity, light aerobic exercise, sport-specific
exercise, noncontact drill training drill, and full
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contact practice before returning to normal gameplay. Athletes can progress through the stages so
long as their symptoms do not recur. In youth and
adolescent athletes, return to learn is also an
important consideration. Students who sustain an
SRC may need academic accommodations and a
multidisciplinary team to minimize worsening of
their symptoms at school, including but not limited to, shortened school days or classes, allowance for breaks, a reduction in workload or
assignments, preferential classroom seating,
extra time to complete assignments, and quiet
rooms or the ability to avoid noisy areas [139,
140]. Additionally, some athletes who have prolonged symptoms may require more involved
plans, such as a 504 or, while unlikely, an individualized educational plan (IEP) [141]. Students
should be performing at their academic baseline
before returning to sports [141–143].

• Most SRCs in basketball result from
player–player or player–surface contact
while defending, chasing a loose ball,
rebounding, or during general play.
• Standardized SRC tests should not be
used in lieu of a clinical exam.
• Most athletes will return to play after
their symptoms resolve spontaneously in
2–4 weeks and after advancing through a
graduated return to play protocol.
• Athletes may require academic accommodations to ensure an adequate return
to learn.

67.4

 ocial, Other Considerations,
S
and Conclusions

Youth sports are unique because it requires effective communication, coordination, and maintenance of relationships among multiple adults,
including coaches, parents, and practitioners all
of whom are vested stakeholders in an athlete’s
sport experience [144]. Social influence has been
shown to be moderated by age such that younger
athletes may be more influenced by their parents,
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whereas older athletes by their peers [145].
Athletes who participate in athletics in positive
social climates and with a positive coaching relationship report higher levels of enjoyment, effort,
and have greater intentions to continue playing
sports [145, 146]. On the contrary, coaches can
cause perfectionist desires and concerns in youth
athletes [147]. Padaki et al. surveyed 235 athletes
between the ages of 7 and 18 and found that
approximately one-third of the players were told
not to participate in other sports, with specialized
athletes reporting this significantly more often
[148]. As previously mentioned, single sport specialization can lead to emotional issues including
burnout and overuse injuries. Additionally and
unfortunately, coaches as well as parents, peers,
and even medical professionals have been
reported as culprits of all forms of child abuse in
sport including sexual, physical, and psychological [149]. In addition to understanding the musculoskeletal injuries unique to youth athletes and
basketball players, health practitioners also have
a duty to recognize and prevent abuse, as well as
educate parents and their families, and advocate
for programmatic and cultural changes that protect and keep youth athletes healthy [149].
Acknowledgments The authors would like to thank Dr.
Martin Jordanov for supplying figures for this chapter.
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68.1

Epidemiology

It is estimated by the CDC that 1 in 13 (8%) of
black or African-American individuals in the
United States has SCT and 1 out of every 365
(0.2%) Black or African-American persons has
SCD (CDC website). Between 0.01% and 0.07%
of the remaining population also has SCT, primarily those of Arab, Southeast Asian, Hispanic,
or Mediterranean descent [1]. SCT affects an
estimated 3,000,000 persons in the United States
and SCD about 100,000 [2]. SCD is the most
common inherited disease in the world and has
persisted because of a protective effect of SCT
against malaria. The gene for sickle hemoglobin
mutation is distributed throughout the world with
higher prevalence in those areas where malaria is
prevalent: sub-Saharan Africa, Mediterranean
countries (especially Greece), the Middle East,
and parts of India. While SCT is considered relatively benign, SCD has many variants with different clinical and health implications. We discuss
the most common variants of SCD: sickle cell
anemia, sickle β-thalassemia, and sickle SC
disease.

K. G. Harmon (*)
Departments of Family Medicine and Orthopaedics
and Sports Medicine, University of Washington
School of Medicine, Seattle, WA, USA
e-mail: kharmon@uw.edu

Fact Box

• 1 in 13 (8%) of black/African-American
individuals has SCT.
• An estimated 3,000,000 people in the
United States have SCT.
• Athletes of other ethnicities/races can
also be affected by SCT.

68.2

Pathogenesis

Normal adult hemoglobin (Hgb) is composed of
two α-chains and two β-chains which come
together to form the tetramer HgbA. HgbA is
highly soluble in both the oxygenated and deoxygenated state. HgbS results from the substation of
a valine for glutamic acid at the sixth amino acid
of the β-globin chain. HgbS forms a tetramer that
is poorly soluble when deoxygenated, polymerizes into chain, and can cause the red blood cell
to form a sickle shape. In addition to red blood
cell sickling, endothelial adhesion, intravascular
hemolysis, increased oxidative stress, and inflammation contribute to the pathophysiology of SCD
[3]. Vaso-occlusive phenomena and hemolytic
anemia are clinical manifestations of SCD which
can lead to recurrent painful episodes and endorgan complications. Although the clinical manifestations may be typically absent or not as
severe, many of these same mechanisms account
for adverse outcomes in those with SCT.
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Table 68.1 Hemoglobin in normal, sickle cell trait, and sickle cell disease
α-Globin
chain
Normal
Normal
Sickle cell trait
Normal
Sickle cell disease Normal
Sickle cell anemia Normal
Sickle
Normal
β0-thalassemia
Sickle
Normal
β+-thalassemia
Hemoglobin SC
Normal

α-Globin
chain
Normal
Normal
Normal
Normal
Normal

β-Globin
chain
HgbA
HgbA

β-Globin
chain
HgbA
HgbS

%
Genotype HgbA
AA
95–98
AS
50–60

%
HgbS
0
35–40

%
HgbC
0
0

HgbS
HgbS

HgbS
Hgbβ

SS
Sβ0

0
0

85–95
80–92

0
0

Normal

HgbS

Hgbβ

Sβ+

3-30

65–90

0

Normal

HgbS

HgbC

SC

0

45–50

45–50

SCT occurs when a gene for HgbS is inherited
from one parent for one β-globin allele and a
HgbA β-globin allele from the other parent. This
results in the production of both HgbA and HgbS
in the red blood cell. Because there is a significant amount of soluble HgbA within the cell in
SCT, the cell is less likely to sickle and lead to the
sequelae associated with SCD.
SCD refers to any one of the syndromes where
HgbS is co-inherited with a mutation at the other
β-globin allele that reduces or abolishes normal
HgbA production. These conditions include
sickle cell anemia (Hgb SS), sickle β-thalassemia,
hemoglobin SC disease, and others (Table 68.1).
There is significant clinical variation among the
different SCD conditions. SCD is often thought
of as incompatible with exercise; however, there
is variation in the clinical manifestations between
the SCD conditions and in individuals within
genotypes.

68.3

 creening for Sickle Cell Trait
S
and Disease

In the late 1970s and 1980s statewide programs
screening for sickle cell disease were implemented in New York, Colorado, Texas, and
Georgia which demonstrated decreased morbidity and mortality in those identified with disease
[4]. This led to a push for nationwide screening
and there has been mandated testing of all newborns in the United States, Puerto Rico, and the
Virgin Islands for SCT and SCD at birth since
2006. Early identification of SCD leads to
improved outcomes in children primarily by

reducing the risk of life-threatening infections
with Streptococcus pneumoniae and Haemophilus
influenzae by the use of routine prophylaxis with
penicillin and pneumococcal vaccines [4]. While
the benefit of early recognition of SCD is clear,
the value of SCT status knowledge is primarily
seen in terms of preconception counseling.
However, there are highly variable reporting
practices around the country and many parents of
children with sickle cell trait are unaware of their
newborn screening results [5].
Testing for SCT and disease in the newborn
setting is done as part of a blood spot from a heel
stick which is used to screen for several conditions. If the screening test is positive as a newborn, confirmatory testing is done at around
6 weeks of age. The other setting in which screening for sickle cell status is considered is when
entering certain branches of the military or before
participating in college athletics at a National
Collegiate Athletics Association (NCAA) school.
Screening practices in the military vary by
branch. Currently the Navy and Air Force screen
recruits with differing restrictions and limitation
on service in those who are SCT positive. The
Army, as of 2019, does not screen but this is currently under evaluation.

68.4

Athletes with Sickle Cell Trait

68.4.1 Medical Issues in SCT
SCT is usually considered a benign condition and
often time athletes are unaware of their status.
There is no decrease in life expectancy associated
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with SCT and epidemiological and laboratory
studies have demonstrated that SCT status does
not appear to limit participation in athletics, even
at the highest levels of performance [6, 7]. There
may be some individuals, however, that are more
affected than others. Sudden exertional death has
been the primary concern in athletes with SCT;
however, it is also associated with hyposthenuria
(an inability to concentrate urine), hematuria,
chronic kidney disease, splenic sequestration and
infarction, complications from hyphema, and an
increased risk of venous thromboembolism and
pulmonary embolism. We will review these concerns in detail.
Fact Box

Medical issues associated with SCT include:
• Inability to concentrate urine
• Hematuria
• Splenic sequestration and infarction
(especially at altitude)
• Increased risk of pulmonary embolism
• Increased
risk
of
exertional
rhabdomyolysis
• Increased risk of exertional sudden
death

68.4.2 Exertional Collapse and Death
SCT in the strenuously exercising individual first
became a concern in the 1970s when a disproportionate number of deaths in military recruits
training at moderate altitude were noted in individuals with SCT [8]. A study in 1987 expanded
on these findings reported that the risk for sudden
death in black/African-American recruits with
SCT was 28 times that of recruits without SCT
[9]. Other studies confirmed an increased risk of
sudden death in military recruits with SCT compared to those without the trait [10, 11]. It was
hypothesized that these deaths occurred in settings where individuals pushed themselves past
their physiologic capacity, a circumstance which
also occurs in athletics.
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In 1974, after the death of a college football
athlete who lived in Florida but went to school in
Denver, SCT as a potential risk for exertional
death became a concern in athletes. The NCAA
addressed this concern with a guideline for the first
time in 1975. In that guideline, they noted that
SCT was not a barrier to achieving the highest levels of athletic performance and that most athletes
with SCT would not experience complications [6].
Over the last 56 years, however, intermittent deaths
in NCAA athletes have continued with a total of
23 deaths related to SCT in NCAA athletes [12].
All but two of those deaths have occurred in
Division I football athletes. The football deaths
were all associated with conditioning, either in
practice or in dedicated conditioning sessions. No
documented deaths have occurred during a football game, presumably because there is a built-in
rest/recovery period between football plays.
The NCAA SCT guideline was updated in
1982, 1992, 2002, 2008, and 2009. In 2007 the
National Athletic Trainer’s Association published
a consensus statement in order to raise awareness
of SCT and provide measures to reduce the risk
of exertional collapse associated with SCT
(ECAST) [13]. They advised confirming an athletes’ SCT status at the time of the preparticipation examination and further recommended that
if SCT status was unknown each institution carefully weigh the decision to screen or not to screen
for SCT [13]. The NATA guideline also recommended steps to mitigate risk in athletes with
SCT that still serve as the basis for current recommendations and included a slow buildup of
conditioning activities, preseason preparation,
exclusion of athletes with SCT from performance
tests, and cessation of activity with the onset of
symptoms, allowing the athletes to set their own
pace, modifications for environmental stressors,
and education of athletes and coaches. At the
time, the NCAA allowed institutions to set their
own policies regarding screening athletes for
sickle cell trait and focused on education.
Although screening for SCT was not required by
the NCAA, a 2006 survey indicated that 64% of
responding Division IA institutions (the largest
institutions, with the most sports and scholarship
aid) screened football athletes for SCT [14].
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In 2010, the NCAA adopted a policy requiring
Division I institutions to perform testing for SCT
on all incoming student-athletes. This requirement was part of a settlement of a lawsuit alleging wrongful death of a college football player in
2006 during a conditioning session at a school
that did not screen for SCT and whose parents
(and presumably the athlete) were unaware of his
SCT status. The legislation further provided that
if an athlete refuses SCT screening they must
sign a waiver documenting their decision. A 2012
study examined the rate of exertional death in
Division I football players over a 5-year period
and found that football athletes with SCT had a
37 times higher risk than those without SCT [15].
Division II began requiring screening for SCT in
August of 2012 and Division III followed suit in
August of 2014.
The American Society for Hematology, the
Sickle Cell Disease Association of American, and
others decried the NCAA policy citing concerns
of loss of privacy, stigmatization, and discrimination as well as a lack of evidence that screening
prevents exertional death [16]. The American
Society of Hematology also pointed to evidence,
from a non-peer-reviewed report, of a decrease in
deaths associated with sickle cell trait after “universal precautions” were implemented in the

Army. Despite the opposition, the SCT screening
policy has remained in effect and there is initial
evidence that the rate of death due to SCT has
significantly decreased since legislation [14].
Whether the decrease in death rate is due to
screening, education, or both is unknown.
Most recently, in 2019, the NCAA produced
the Interassociation Recommendation Preventing
Catastrophic Injury and Death in Collegiate
Athletes which requires annual education for
many health conditions which can lead to death
including ECAST [17]. Educational material for
providers, athletes and coaches is provided by the
NCAA and available on a website which is periodically updated (http://www.ncaa.org/sport-science-institute/sickle-cell-trait; Fig. 68.1).
Death in those with SCT is less well documented in sports outside of football. There are
two non-football deaths in the NCAA: one in a
track athlete who was trying out for the team and
one in a Division II basketball player who was
playing pickup. One may think that basketball
would be particularly affected by issues related to
SCT as 78% of Division I of male basketball athletes are black/African-American compared to
48% of Division I football athletes [19]; however,
because there are many more football players
overall, the absolute number of SCT-affected ath-

The NCAA recommends the following principles:
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)

Athletes should slowly build up their training intensity
Fitness tests should be scheduled later in the training program once athletes are acclimated
Athletes should be allowed to set their own pace when conditioning
Implement a slow and gradual preseason conditioning regimen that prepares them for the
rigors of their sport
Athletes should be provided adequate rest and recovery between repetitions
Athletes with SCT should be given alternatives for performance testing rather than serial
sprints or timed mile runs
An athlete should stop activity immediately upon struggling or experiencing symptoms such
as muscle pain, abnormal weakness, undue fatigue or breathlessness
Athletes with SCT should stay well hydrated at all times, especially in hot and humid conditions
Athletes should refrain from consuming high caffeine energy drinks and supplements, or
other stimulants as they may contribute to dehydration.
Athletes should maintain proper asthma management
Athletes with SCT should refrain from extreme exercise during acute illness, if feeling ill,
or while experiencing fever.
Beware when adjusting to a change in altitude (a rise in altitude as little as 2,000 feet).
Modify training and have supplemental oxygen available.
Seek prompt medical care when experiencing unusual physical distress.

Fig. 68.1 NCAA fact sheet for coaches [18]
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letes is higher in football: an estimated 1125
Division I football players with SCT per year
compared to an estimated 250 Division I male
basketball athletes. Despite the differential in
participation, however, it is still unclear why
football athletes seem to be primarily affected.
Some have suggested that the increased rate of
death in football players may be due to equipment; however, the vast majority of deaths have
occurred during conditioning when football
equipment is not worn.
Basketball deaths associated with SCT are
sparsely reported in the literature. A registry of
athlete sudden deaths from 1980 to 2010 was
reviewed in 2012; there were 23 deaths attributed
to SCT with 3 of those being in basketball [20].
Interestingly, 2 of the 3 deaths were in female
basketball athletes (one college, one high school).
Likewise, deaths in high school athletes with
SCT are not well recorded. There is no mandatory reporting of deaths or common mandatory
registry to track deaths. This is further complicated by variability in autopsy quality and
reported cause of death. There is speculation that
some deaths associated with sickle cell trait may
be miscategorized as heat stroke or sudden cardiac death.
Although many consider SCT to be a risk factor for ECAST and sudden death, a recent study
of 47,944 black/African-American active duty
soldiers from 2010 to 2014 compared death in
those with and without SCT and did not find an
increased risk of death in soldiers with SCT [1].
There are several possible explanations for this.
First, most military studies suggesting an
increased risk of exertional death in those with
SCT examine at basic training, not active duty
military personnel, where recruits may either be
insufficiently conditioned for the required training or not feel able to stop when pushed past their
physiologic limit. Second, this study looked at
all-cause death and there were no deaths in the
cohort-attributed ECAST; thus the study was
likely not powered to detect a difference in the
rate of ECAST death. A 2018 meta-analysis
which included two studies in the military also
concluded that there was no evidence of increased
risk of sudden death in those with SCT [7]. Again,
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this may be more related to the rarity of SCT-
associated death than an absence of risk. More
studies in larger cohorts need to be done in order
to answer this question definitively.
The pathogenesis of ECAST is unknown but
has been postulated to occur during high-intensity
exercise when sickling occurs in the microvasculature of the exercising muscle due to dehydration, thermal strain, hyperosmolality, acidosis,
and hypoxia [21–23]. The proposed mechanism
of death is arrhythmia caused by hyperkalemia
from muscle cell necrosis and altered ion channel
permeability. Others, however, debate the proposed pathophysiology because it is dissimilar to
issues seen in those with SCD which include
splenic, pulmonary, and bony infarcts.
The clinical presentation of ECAST is distinct
from collapse caused by cardiac arrest or heat
stroke. In ECAST there is typically intense pain
of muscles, usually the legs but sometime the
back, that is often described as cramping.
Although the pain is described as cramping, the
muscles are not tense and may or may not be tender. Those with ECAST are conscious when they
collapse, but, if the condition progresses, will
lose consciousness after collapsing. The collapse
is typically after bouts of intense sustained exercise without adequate rest. In contrast, collapse
associated with sudden cardiac arrest is an unconscious, abrupt collapse secondary to ventricular
fibrillation. There may be tonic-clonic seizure-
like movement or agonal breathing after collapse
from sudden cardiac arrest. Finally, collapse from
heat stroke is associated with elevated core temperature and mental status changes. Although an
elevated core temperature may occur with
ECAST, muscle pain is the primary feature and
mental status is intact.
Any athlete that is struggling with conditioning drills beyond their capacity should be
removed from the activity, but this is critically
important in those with SCT. Treatment of an
athlete with SCT involves discontinuing activity
immediately if there are symptoms of exertional
sickling, typically pain or weakness in the legs or
sometimes the back. If an athlete discontinues the
offending activity, the symptoms most often go
away quite quickly and they can return to activity
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immediately. If there is suspicion for heat illness,
obtain the athlete’s temperature with a rectal
thermometer and cool if temperature is >104°F. If
symptoms of muscle pain and weakness do not
subside quickly, it is recommended to start high-
flow oxygen if available. If there is not a rapid
return to baseline then the emergency action system should be activated. When transporting the
athlete it is important to communicate with the
emergency room physicians. Many physicians
are not familiar with ECAST and consider SCT
benign. Tell them to be prepared for explosive
rhabdomyolysis and metabolic abnormalities. A
member of the medical team should accompany
the athlete in order to facilitate rapid and effective treatment. Death and collapse in athletes
with SCT are preventable. ECAST occurs only
when athletes are pushed beyond their physiologic capacity.
Return to play after an ECAST event which is
survived is based on expert consensus (Fig. 68.2).
A detailed medical history should be done to
identify comorbidities (asthma, illness), medication or supplement use, environmental factors
(altitude, heat, level of conditioning), and family
history. The athlete should be asymptomatic and
have normal end-organ function before return to
play and a gradual, medically supervised return
to activity is recommended. Education of the athlete, coaching staff, and medical staff is critical,
and should stress the need to stop immediately
when symptomatic, stay hydrated and mitigate
risk factors when possible. Most athletes with
SCT will never have an ECAST event and there
are likely cofactors other than SCT associated
with risk; however, once an athlete has had an
ECAST event they are more likely to have
another one and should be monitored closely
with a low threshold for removal from activity
and treatment [24].

68.4.3 Exertional Rhabdomyolysis
Rhabdomyolysis is the breakdown of striated
muscle fibers due to mechanical and metabolic
insults that result in the release of muscle contents into the circulation. Exertional rhabdomy-
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olysis typically occurs in response to prolonged,
repetitive, or excessive exercise. Athletes with
SCT are at increased risk of rhabdomyolysis. It is
hypothesized that red blood cell sickling in the
microvasculature of the muscle causes ischemia
and increased muscle breakdown compared to
those without SCT. In the 2016 study of 47,944
soldiers, those with SCT had a 1.54 relative risk
of rhabdomyolysis compared to those that did not
[1]. Being male and older as well as smoking and
statin use also showed increased risk [1]. In a
meta-analysis which included two military studies it was also concluded that SCT was a risk factor for rhabdomyolysis [7]. Exertional
rhabdomyolysis in those with SCT is likely a precursor to ECAST that is aborted prior to collapse
or does not progress enough to cause massive
potassium release from cells and arrhythmic
death.
Return to play after exertional rhabdomyolysis in athletes with SCT should follow a similar
algorithm as those without SCT; they should be
rest and rehydrate prior to return, their creatinine
kinase should be approaching normal, and there
should be no myoglobin in their urine [24]. In
addition, education regarding exertional rhabdomyolysis and ECAST should be reviewed and
any mitigating risk factors addressed. Return to
play should involve a gradual reintroduction of
aerobic and sport-specific activity.

68.4.4 Urologic Manifestations
of SCT
Hematuria and hyposthenuria are the most common urologic manifestations of SCT. The physiologic environment of the kidney includes low
oxygen tension, hyperosmolarity, and low pH
which promote polymerization of HgbS and sickling of the red blood cells. It is hypothesized that
repetitive episodes of sickling lead to ischemic
injury and microinfarction which result in loss of
the vascular architecture of the renal medulla
where concentrating ability is affected and leads
to hyposthenuria and hematuria [25]. In athletes,
this may be amplified due to strenuous workouts
which increase acidosis and decrease renal blood
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Fig. 68.2 Return to play after exercise related symptoms associated with SCT

flow. It is also speculated that an inability to concentrate urine may enhance dehydration which in

turn promotes sickling creating a viscous cycle.
Hyposthenuria can be seen as early as 10 years of
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age in those with SCT. Athletes with SCT need to
drink more fluid than is required in non-SCT athletes in order to stay hydrated. Ongoing hemolysis, vaso-occlusive injury, and other factors
contribute to continuing renal injury. Repeated
insults to the kidney can lead to chronic kidney
disease in later life. Those with SCT have a 1.5–
2-fold increased risk of chronic kidney disease
comparted to those without SCD [25].

68.4.5 Splenic Issues
Splenic syndrome is a rare, but well-documented
complication of SCT that presents in the presence of low oxygen tension associated with major
changes in altitude, such as an unpressurized air
flight or when mountain climbing or skiing [26].
Splenic syndrome presents with left upper quadrant pain and may be accompanied by vomiting,
fever, a palpable spleen, or low oxygen tension
[27]. Symptoms generally occur rapidly, within
the first 24 h of ascent and are more common in
individuals who normally reside at sea level.
Ultrasound or CT showing splenomegaly in an
individual with SCT and left upper quadrant pain
is generally enough to confirm the diagnosis. The
pathophysiology of splenic syndrome is thought
to be vaso-occlusion of the red pulp of the spleen
by sickled red blood cells, leading to infarction.
Splenic syndrome often resolves with transfer to
a lower altitude and supportive treatment, however, may require splenectomy [28].
Spleen issues as a consequence of SCT in athletes made the news in 2009 when Pittsburgh
Steeler safety Ryan Clark developed symptoms
in 2005 while playing in Denver (5260 ft. above
sea level) and again when playing at Denver in
2007; which eventually led to complications and
splenectomy. He skipped the game played in
Denver in 2009 [29]. Likewise, splenic syndrome
was diagnosed in a college basketball athlete
from Alabama playing in Wyoming who was
treated conservatively before flying home with
supplemental oxygen. Although splenic syndrome appears to be rare, athletes at altitude
should take extra care to remain hydrated and if

left upper quadrant pain develops, splenic syndrome should be suspected.

68.4.6 Hyphema
Hyphemia, or accumulation of blood in the anterior chamber of the eye, typically after trauma, is
a higher risk injury in athletes with SCT compared to those without. The low-oxygen environment in the aqueous humor of the eye promotes
sickling and sickled red blood cells are hypothesized to clog the trabecular meshwork which
leads to increased intraocular pressure [30]. SCT
athletes with a hyphema are at increased risk for
complications including increased intraocular
pressure, optic atrophy, and secondary hemorrhage [30]. Any hyphema should be referred for
ophthalmologic consultation and followed
closely.

68.4.7 Venous Thromboembolism
Venous thromboembolism includes both deep
venous thrombosis (DVT) and pulmonary
embolus (PE). It is hypothesized that the altered
structure of sickled red cells leads to hemolysis
and release of procoagulant substances which
cause activation of platelets and coagulation cascade resulting in hypercoagulability, endothelial
dysfunction, and blood stasis (Virchow’s triad)
and ultimately an increased risk of venous thromboembolism [31]. A recent meta-analysis, however, showed that there is likely increased risk of
PE in those with SCT but not DVT [7].
Nonetheless, it is not unwise to remind athletes
who fly to remain hydrated and move their calves/
legs on flights.

68.5

Sickle Cell Disease

The benefits of exercise are well described; however, there is concern that exercise in those with
SCD will precipitate pain and other complications. Ability to exercise strenuously with sickle

68 Management of the Sickle Cell Spectrum in Basketball Players

cell disease will vary tremendously depending on
which subtype is being considered. Those with
only one HgbS allele and a variant allele
(β-thalassemia or HgbC) may be able to tolerate
higher levels of exercise. This is illustrated by the
case of Billy Garrett, Jr., a basketball athlete who
played college ball at DePaul and the NBA with
SCD. His story details episodes of painful sickle
cell crisis as well as his strenuous training [32].
Although the type of SCD is not specifically
stated, it is likely that he had hemoglobin SC disease, which represents the less severe end of the
spectrum, rather than sickle cell anemia (HbgSS).
For those with sickle cell anemia, the risks and
benefits of exercise need to be carefully weighed
and tested. Acute exercise results in an increase in
inflammation, increased metabolic acidosis,
increased oxidative stress, and increased endothelial activation. These effects are up-modulated in
those with SCD [33]. However, in animal models
of SCD, habitual physical activity blunts oxidative
stress, and inflammation and endothelial activation
are decreased. Thus, for most, mild-to-moderate
exercise with appropriate attention to hydration
and temperature is safe and may confer many of
the benefits seen with exercise, including improved
cardiovascular outcomes, improved mortality, and
improved health-related quality of life [34].

68.6

Conclusion

SCT and SCD are common. Understanding the
risks and benefits of exercise in these populations is
critical. For athletes with SCT, especially basketball
athletes with SCT, the risk of complications from
the condition is small. Athletes should be aware of
the potential for death if they push themselves past
their physiologic limit, and should take extra care to
acclimate, condition gradually, and remain hydrated.
Coaches need to be aware of the potential issues
associated with SCT and employ prudent training
practices. Medical personnel should be familiar
with potential issues associated with SCT and
include it in the differential of any collapsed athlete.
Exercise if beneficial for long-term health and this
is true across the sickle cell spectrum.
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69.1

Introduction

Sudden cardiac death (SCD) among athletes is
always tragic event and often high-profile event,
as exemplified by the shocking deaths of basketball players Hank Gathers and Reggie Lewis in
the 1990s. While SCD among athletes is relatively infrequent, it is usually due to an undiagnosed genetic or congenital heart abnormality.
Developed societies have generally agreed that
screening athletes for these underlying heart disorders is an important public health measure but
have differing recommendations with regard to
the intensity and methods of screening. Currently,
most international and professional sports require
cardiovascular screening that includes electrocardiography in addition to history and physical
examination.
Routine vigorous exercise training can result
in exercise-induced cardiac adaptations in which
the heart changes in size, thickness, and autonomic tone. In some cases, this process can
resemble a pathologic disorder, leading to “gray
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zones” of uncertainty between health and disease. Athletes with known or suspected cardiovascular disorders should undergo evaluation
and risk stratification by sports cardiologists or
disease experts prior to participating in sports
competition.
The present chapter will review the current
knowledge pertaining to participation recommendations and guidelines for athlete screening
and for management of athletes with known or
suspected cardiovascular conditions.

69.2

 udden Cardiac Death
S
in Athletes

Sudden cardiac death (SCD), occurring without
preceding symptoms and seemingly striking at
random, is a tragic occurrence under any circumstance. When it occurs in youth, adolescent,
or competitive athletes who are the epitome of
health, these events are especially shocking. SCD
in well-known athletes often capture headlines,
and these harrowing events are on the minds of
care providers whenever they deal with heart
conditions in athletes.
The epidemiology of SCD is largely age-
dependent. SCD in individuals aged >35 years is
most often caused by acquired heart disease and
coronary atherosclerosis in particular, whereas
SCD among those <35 years is more often due
to inherited or congenital heart disorders and
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Table 69.1 Causes of sudden cardiac death in athletes
Cardiomyopathies
Hypertrophic cardiomyopathy
Arrhythmogenic right ventricular cardiomyopathy
Dilated cardiomyopathy
Left ventricular non-compaction
Aortopathies
Marfan syndrome
Loeys–Deitz syndrome
Ehler–Danlos disorder (vascular subtype)
Thoracic aortic aneurysm and dissection
Channelopathies
Long QT syndrome
Short QT syndrome
Catecholaminergic polymorphic ventricular tachycardia
Brugada syndrome
Wolff–Parkinson–White syndrome
Congenital abnormalities
Coronary artery anomalies
Bicuspid aortic valve with aortopathy
Acquired disorders
Myocarditis
Atherosclerotic coronary artery disease

p rimary arrhythmia syndromes. A partial list of
disorders capable of causing SCD in athletes is
shown in Table 69.1.
The incidence rate of SCD among those
<35 years is estimated at 0.7–3.0 cases per
100,000 person-years [1]. The exact incidence
has been challenging to determine, largely due
to differences in populations being studied and
incomplete case capture from media reports or
insurance claims. The rate of SCD was observed
to be 13.0 per 100,000 person-years (1:9000)
among military recruits during initial training
[2], but only 1.2 per 100,000 person-years over a
10-year period of observation [3].

Fact Box

SCD is the sudden, unexpected death
caused by loss of heart function, most often
due to arrhythmias or ineffective pulse generation. It is commonly due to the presence
of underlying heart disease with a superimposed trigger. Among individuals <35 years
of age, inherited or congenital heart disorders and primary arrhythmia syndromes are
the most common causes of death.

D. S. Owens and J. A. Drezner

Observational studies have shown the rate
of SCD to be higher among specific subgroups.
Male athletes, compared to female athletes,
have an increased risk of SCD both in the general population and in athletes [4–7]. Whereas
male athletes have an estimated 1.3-fold relative risk in the general population [8, 9] this
may be as high as 3.2–5.6-fold among athletes
[4, 10]. The reason for this higher risk among
athletes is unclear, but may be related to biologic or societal factors and more frequent
exposure to intense exercise. Individuals of
African descent have an increased risk of SCD
compared to Caucasians, both in the general
population [11] and among athletes [6, 7], possibly related to an increased rate of underlying
cardiomyopathy.
There are regional variations in the reported
distributions of causes of SCD. Whereas definite or possible hypertrophic cardiomyopathy
(HCM) appears to be the most common cause
of SCD in the US and UK [12, 13], arrhythmogenic right ventricular cardiomyopathy (ARVC)
is the most common cause of SCD in Italy
(Figure 69.1) [4]. This may be due to genetic
variation in population subgroups, societal differences in healthcare and screening, or differences in the medical examiners’ approach
to postmortem diagnosis. Sudden unexplained
death (SUD), in which the autopsy reveals a
structurally normal heart and in which primary
arrhythmia syndromes are suspected, is present
in 15–40% of cases [3, 13, 14].
Although exercise has myriad benefits on
health, longevity, and overall well-being, exercise has also been shown to increase the risk of
SCD. Data from the Physicians Health Study
estimated a 16.9 (95% CI: 10.5–27.0)-fold
increased risk of SCD during or within 30 min
of exercise [15]. This risk was highest among
sedentary individuals who exercised intermittently [15]. A prospective study of Italian
youth (age 12–35 years) comprising 29 million
person-years of observation suggested that the
relative risk of SCD was 2.8 (95% CI: 1.9–3.7)
times higher among athletes compared to nonathletes, with 89% of athlete deaths and 9% of
non-athlete deaths occurring in the setting of
acute exercise [4].
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Fig. 69.1 Comparison of etiologies of sudden cardiac
death among youth and athletes from (a) U.S. Registry
[12] (age ≤ 39 years); (b) United Kingdom [13]

(age ≤ 35 years); (c) U.S. military [3] (age < 35 years); (d)
NCAA athletes [6] (age 17–26 years); and (e) Italy [4]
(age 12–35 years)

In both young and old alike, SCD is thought
to arise from an acute trigger superimposed on
an underlying susceptible substrate. Exercise can
serve as an arrhythmogenic trigger by increasing catecholamine levels, causing dehydration
and electrolyte imbalance, increasing blood pressure and shear stress on the aorta, and inducing
myocardial ischemia in susceptible individuals
[16]. It has been observed that burst sports (e.g.,
basketball, soccer, football) have a higher rate of
SCD than other sporting disciplines [6, 16, 17].
The exact reasons for this are unclear, but may
be related to abrupt changes in heart rate and/
or greater periods of “supra-maximal” exercise.
Alternatively, patients with underlying heart disorders may be underrepresented in sporting disciplines that require high aerobic conditioning due
to an inability to maintain high aerobic levels [18].

A study by Harmon et al. showed the incidence of SCD among NCAA athletes (age
17–23 years) over a 10-year period (2003–2013)
to be 1:53,703 athlete/years, and observed differences based on sex, ethnicity, sporting discipline, and sporting intensity [10]. Higher risk
was seen among male athletes (incidence risk
ratio (IRR) 3.22), black athletes (IRR 3.18 versus Caucasians), and in Division 1 and 2 athletes (IRR 1.98 and 2.05, respectively, versus
Division 3). Among sporting disciplines, basketball was observed to have the highest risk of
SCD (1 in 8978 athlete-years), with black male
Division 1 basketball players having a 1 in 1095
risk of SCD over their 4 year eligibility period.
Because of this, basketball players have been
identified as a particular focus of cardiovascular screening.
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Fact Box

Among athletes with SCD, basketball is
the most frequent sporting discipline implicated [7, 10]. The incidence of SCD in
NCAA Division 1 male basketball players
is estimated at 1:5200 per year, corresponding to an average 1:1300 risk over a 4-year
collegiate eligibility period [10].

69.3

Exercise-Induced Cardiac
Remodeling

Individuals engaging in moderate to vigorous
exercise training over months to years undergo a
process called “exercise-induced cardiac remodeling” (EICR) in which the heart increases in size
and thickness [19, 20]. The resultant physiologic
changes—commonly referred to as “athlete’s
heart”—increase stroke volume and heart rate
reserves, enabling higher cardiac outputs at peak
exercise. This process is akin to skeletal muscle
adaptation to training.
Although EICR is a physiologic process, it
may lead to “abnormalities” (classically defined)
on medical testing, such as the appearance of
voltage criteria for left ventricular (LV) hypertrophy (LVH) on an electrocardiogram (ECG)
or cardiac chambers appearing thickened and/or
enlarged on echocardiography. In some instances,
it becomes challenging to differentiate EICR
from a pathologic condition capable of causing
sudden death, such as HCM or ARVC [21, 22].
These “gray zones” of uncertainty can be the
source of considerable consternation for medical
professionals, which can lead to unnecessary and
expensive diagnostic testing or to excluding an
athlete from sporting competition unnecessarily.
It is therefore essential for clinicians who care for
or evaluate athletes to have a fundamental understanding of the ways in which athletic training
can affect the cardiovascular system.

Fact Box

In a process called exercise-induced cardiac remodeling, routine vigorous exercise
can result in cardiac hypertrophy and an

increase in cardiac chamber size. In addition to the mode, duration, and intensity
of exercise, age, sex, genetics, and other
biologic factors influence this remodeling
process [19]. The resultant “athlete’s heart”
phenotype can mimic pathologic disease
states such as hypertrophic, dilated, and
arrhythmogenic cardiomyopathies.

The “Morganroth Hypothesis” postulates
that the manner of cardiac remodeling is determined by the type of exercise performed [23,
24]. Athletes who participate in high dynamic
sports (e.g., running, cycling, rowing) experience a repetitive increase in cardiac output with
high flow states and lesser increases in afterload. In response, cardiac chambers undergo
balanced eccentric dilation and hypertrophy.
This results in enlargement of all four cardiac
chambers, though this effect is seen earliest in
the more compliant chambers (atria and right
ventricle). In contrast, athletes who participate
in high resistance sports (e.g., weight lifting)
experience a repetitive increase in blood pressure and afterload, with less increase in cardiac output, and can develop concentric LVH,
though contribution from hypertension needs to
be excluded.
In addition to cardiac structural remodeling,
exercise also induces changes in cardiac autonomic tone [25]. Endurance training generally
results in an increase in vagal parasympathetic
innervation, and as a result, bradycardia, junctional escape rhythms, and Mobitz I second-degree
AV block (i.e., Wenckebach) are commonly seen
on an ECG or rhythm monitoring in athletes and
should not be confused with disease.
Due to greater degrees of hypertrophy and apical trabeculations, black athletes in particular are
prone to “gray zone” conundrums. Black hypertensive patients have greater degrees of LVH
compared to white patients with similar age, gender, and blood pressures [26]. Similarly, black
athletes have greater LV wall thickness and LV
mass index compared to white athletes [27–29],
and are more likely to demonstrate LV hypertrabeculation [30] and ECG abnormalities [31]. LV
wall thickness >13 mm was seen in 13% of black
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male athletes vs. only 4% of white male athletes
[32]; similarly, 3% of black female athletes and
0% of white female athletes had LV wall thickness >12 mm [29]. The maximal wall thickness
for all athletes in these studies was 16 mm in
male and 13 mm in female athletes.
Among National Basketball Association
(NBA) basketball players (n = 526, 77% African
a
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American), LV dilation (LV end diastolic diameter (LVEDD), ≥59 mm) was present in 192 athletes (36.5%), whereas 23 (4.4%) had substantial
LV dilation (LVEDD, ≥65 mm) [33]. LV chamber size was largely influenced by body size, with
increased LVEDD seen with increasing height
and body surface area (BSA) (Figure 69.2).
Additionally, 27% of NBA athletes had evidence
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of LVH on echocardiography, with LV wall thicknesses ranging from 8 to 15 mm (Figure 69.3).
EICR can also affect the vasculature and the
aorta in particular, though this effect is usually small. Aortic dilation is of clinical concern
because it results in increased vascular wall
stress and increased risk of aortic dissection,
an acute, highly morbid condition that does not
infrequently result in SCD [34]. Adjusting for
age, sex, body size, and blood pressure, a meta-
analysis of aortic size among athletes and non-
athletes suggested an average increase of 3 mm at
the level of the sinuses of Valsalva [35]. Although
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Fact Box

Among 526 NBA athletes undergoing
echocardiographic evaluation, the LV end
diastolic diameter ranged from 44 to 71
(mean, 56.8; 95% CI, 56.4–57.2) mm,
maximal LV wall thickness ranged from 8
to 15 (mean, 11.0; 95% CI, 10.9–11.1) mm,
and aortic diameter ranged from 25 to 42
(mean, 33.7; 95% CI, 33.4–34.0) mm [33].

69.4

Cardiovascular Screening

Most developed countries have adopted public
health policies recommending cardiovascular
screening prior to organized sports participation.
The purpose of pre-participation screening is to
identify underlying cardiovascular conditions
that predispose to SCD and enhance the safety
of sports participation. Indeed, the American
Heart Association (AHA) views pre-participation
screening as an important public health issue that
is “justifiable, necessary, and compelling on the
basis of ethical, legal, and medical grounds” [36].
Despite broad agreement on the merits for
pre-participation screening, there is considerable
disagreement regarding the appropriate screening
methodology. At the core of this disagreement
are tradeoffs between the intensity of screening
methods, sensitivity and specificity of testing,
cost-effectiveness, infrastructural concerns, and
the impact of false-positive results.
Basic screening programs, such as those advocated by the AHA [36] and the Pre-participation
Physical Evaluation (PPE) Monograph (fourth
edition) [37], consist of a history (including symptom questionnaire and family history
assessment) and physical examination with additional evaluation as indicated based on physician
judgment. Other health organizations, including
the European Society of Cardiology (ESC), recommend the addition of ECG in pre-participation
screening [38]. Proponents of ECG screening
point to its ability to identify subclinical disease
and electrophysiological disorders such as Wolff
Parkinson White (WPW) or Long QT syndromes
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that are silent on physical examination. Some
screening programs, including the NBA, have
taken the additional step of including routine
echocardiography in the screening process.
Screening tests are generally imperfect, resulting in the need for more expensive, downstream
testing to differentiate false-positive results from
true disease. Athlete-specific ECG criteria that
take EICR into account have been developed,
with the International Consensus Criteria being
the most recent recommendation [39]. These criteria have been shown to reduce the false-positive
rate compared to traditional ECG criteria without
compromising the sensitivity to identify conditions associated with SCD [40–42]. In a cohort
of 5258 college athletes from the United States,
application of the International Criteria lowered
the false-positive rate compared to the Seattle
Criteria from 2.8% to just 1.3% [41]. However,
one study of 409 NBA players (78.8% African-
American) still found a relatively high rate of
ECG abnormalities (15.6%) when applying the
International Criteria [43].

69.5

Cardiovascular Disorders
in Athletes
and Recommendations
for Sports Participation

Exercise has many proven cardiovascular benefits, including a reduction in blood pressure,
cholesterol, coronary artery disease, and overall
cardiovascular mortality, and should be encouraged for nearly all individuals. However, for individuals with underlying cardiovascular disorders,
exercise poses specific challenges and concerns.
This is especially true for individuals with disorders that are either capable of causing SCD, or
in whom exercise may worsen or accelerate the
natural history of the disease.
In 2015, the AHA and American College
of Cardiology (ACC) provided updated joint
recommendations for sports eligibility and disqualification recommendations for competitive
athletes with underlying cardiovascular disease [44]. In 2019, the ESC provided similar,
updated recommendations for athletes with
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cardiomyopathies [45]. These guidelines have
distinguished competitive from recreational
sports participation due to the intensity and
frequency of training and the external motivation presented and provide separate recommendations regarding recreational sports
participation [16]. Current recommendations
for the more common cardiovascular conditions found in young athletes are discussed
below.

69.5.1 Hypertrophic
Cardiomyopathy (HCM)
HCM is defined as unexplained LVH (wall thickness >15 mm) in the absence of other conditions (e.g., hypertension) capable of causing
the observed degree of hypertrophy and is present in about 1:200 to 1:500 adults [46]. HCM is
caused by gene mutations with proteins of the
cardiac sarcomere, usually manifests as asymmetric septal hypertrophy (but can have other
morphologies), and can be associated with LV
outflow obstruction. Additionally, HCM carries
an increased risk of SCD due to ventricular dysrhythmias and is among the most common causes
of SCD in youth and athletes [7, 10]. A number
of markers (extreme LVH, syncope, family history of SCD, and scarring) infer greater risk of
SCD. For patients deemed at high risk of SCD,
primary prevention with an implanted cardioverter defibrillators (ICD) should be considered.
The current AHA/ACC recommendation
(Class III) is that athletes with a probable or
unequivocal diagnosis of HCM should not participate in most competitive sports, with the possible exception of low-intensity activities (e.g.,
billiards, bowling, archery) [47]. This recommendation applies to all patients with HCM,
regardless of symptoms, disease severity, presence of LV outflow obstruction, or perceived
SCD risk. In contrast, the ESC recommends
thorough risk stratification with disqualification of high-risk athletes, but adopts a shared
decision-
making model for other, lower-risk
athletes [45]. Importantly, an ICD should not be
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placed in athletes for the sole purpose of allowing
sports participation, and standard criteria for ICD
implantation should apply to athletes and non-
athletes alike (Class III).

69.5.2 Left Ventricular Non-
compaction (LVNC)
LVNC is an uncommon cardiac condition in
which there is incomplete myocardial development, resulting in a hypertrabeculated, spongiform appearance of the LV apex and thinning of
the compact layer of myocardium [48]. LVNC
can progress to a dilated cardiomyopathy, in
which LV systolic function decreases. Diagnostic
criteria for LVNC based on imaging findings
(ratio of trabeculated vs. non-trabeculated criteria) have been proposed. However, differentiation
of LVNC from simple hypertrabeculation (normal variant) remains challenging, particularly
among black individuals and athletes, in whom
hypertrabeculation is more common [49].
Because there is not as much information
about the natural history of LVNC and the diagnostic criteria remain challenging, the current
AHA/ACC and ESC recommendations are that
asymptomatic athletes with hypertrabeculation or possible LVNC and no other concerning
features (i.e., preserved ventricular function, no
prior syncope, and no arrhythmias on monitoring) may be considered for sports participation
[45, 47]. Athletes with LVNC and depressed ventricular function, and those with prior syncope or
documented arrhythmias should not participate
in competitive sports (Class III).

69.5.3 Arrhythmogenic Right
Ventricular Cardiomyopathy
(ARVC)
ARVC is a rare disorder caused by genetic mutations in proteins of the cardiac desmosome, an
intercellular adhesion complex [50]. This disorder can result in progressive right ventricular
enlargement and dysfunction due to fatty infil-
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tration and has been associated with ventricular
arrhythmias, SCD, and right-sided heart failure.
ARVC is the most common cause of SCD in
youth and athletes in the Italian registry, but has
been less frequently invoked in US registries. The
diagnosis of ARVC has been traditionally based
on a Task Force diagnostic algorithm, and initial diagnostic evaluation can be extensive [51].
Right ventricular enlargement due to EICR and
congenital abnormalities with left to right shunting can mimic ARVC. Importantly, there is growing evidence for an interaction between exercise
and ARVC such that competitive sports and/or
high levels of endurance exercise accelerate the
natural history of the disease, with earlier expression of arrhythmias and RV dysfunction [52–54].
Because of the concern that exercise can
worsen the ARVC phenotype, the 2015 AHA/
ACC and 2019 ESC recommendations are more
conservative than for other cardiomyopathies,
and all athletes with a definite, borderline, or
possible diagnosis of ARVC are advised not to
participate in most competitive sports [45, 47].

69.5.4 Dilated Cardiomyopathy
(DCM)
DCM is the most common cardiomyopathy phenotype in the general population but a less common cause of SCD in athletes. DCM results in
LV enlargement, and a reduction in LV contractile force can be acquired or genetic. Because
EICR results in cardiac chamber dilation with a
reduced contractile function at rest in some athletes, the exercise-remodeled heart can resemble
DCM. However, a key to differentiating these
entities is assessment of peak exercise capacity,
as EICR will have ample cardiac reserves with
supra-normal exercise capacity and increases in
ejection fraction (>10–15%) on stress echocardiography while DCM will have reduced reserves
with below average exercise capacity.
The current AHA/ACC recommendations for
athletes identified with definite DCM are not to
participate in competitive sports [47], whereas
the ESC permits some participation if the athlete
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is asymptomatic, the ejection fraction is >40%,
and no arrhythmias or prior syncope [45].

69.5.5 Wolff Parkinson White
(WPW)
WPW is a congenital abnormality in which there
is an accessory electrical pathway connecting the
atrium to the ventricle, bypassing the atrioventricular (AV) node and potentially enabling rapid
electrical conduction. This results in ventricular
pre-excitation on ECG with slurred upstroke of
the QRS complex called a “delta wave”. WPW
is present in about 0.1–0.3% of the population
and is often asymptomatic. WPW predisposes to
atrial fibrillation, which can be a cause of SCD
because of the very rapid conduction and subsequent ventricular rates that can occur. However,
the overall contribution of WPW to SCD in athletes has not been well defined due to the challenges in identifying WPW postmortem.
Symptomatic patients with WPW, and all individuals with WPW and atrial fibrillation, should
undergo invasive risk stratification with ablation
of the accessory pathway when feasible, which
is often curative and will eliminate the pre-
excitation seen on ECG [55, 56]. Management
of the asymptomatic athlete is less clear, though
all athletes should undergo either an exercise
ECG or invasive EP study for risk stratification.
It is then reasonable (class IIa) to ablate asymptomatic but high-risk accessory pathways with
refractory periods of <250 ms (corresponding to
a heart rate of >240 bpm) [55]. After recovery
from a successful ablation, athletes can return to
sports competition without restrictions.

69.5.6 Channelopathies
A number of genetic conditions can affect the
electrical properties of the heart, predisposing
to arrhythmias, syncope, and SCD. Examples
of channelopathies include Long QT syndrome
(LQTS), Brugada syndrome, and catecholaminergic polymorphic ventricular tachycardia
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(CPVT) [57]. These channelopathies are present
in about 0.1% of the population and are believed
to make up a large proportion of the sudden unexplained deaths seen in athlete SCD registries.
LQTS delays repolarization of the myocardium,
with resultant prolongation of the QT interval on
ECG (corrected for heart rate) to >470 ms in male
athletes or >480 ms in female athletes. While
there is overlap between QT interval durations
in LQTS and the general population, corrected
QT intervals >500 ms are generally considered
unequivocal LQTS. Brugada syndrome presents
with characteristic ECG changes and can be diagnosed on surface ECG, while the diagnosis of
CPVT requires ECG monitoring during exercise.
It is recommended (Class I) that all athletes
with suspected channelopathies be referred to
heart rhythm specialists and that symptomatic
athletes refrain from competition until further
evaluation [58]. However, there is observational
data that asymptomatic and previously symptomatic athletes with channelopathies, when appropriately risk stratified and treated (including
beta-blocker therapy and ICD when appropriate),
can safely resume sports competition [59–61].
The AHA/ACC guidelines state that competitive
sports participation may be considered (Class
IIb recommendation) for these athletes after
appropriate evaluation and treatment and after
3 months free of symptoms [58].

69.5.7 Bicuspid Aortic Valve
Bicuspid aortic valve (BAV) is the most common congenital heart disorder, with an overall
prevalence of 1–2% in the general population
[62]. With only two (versus normal three) leaflets, BAVs are prone to progressive stenosis and/
or regurgitation. Valve stenosis creates a pressure
gradient that increases LV pressures, and this
gradient increases with exercise. Valve regurgitation creates a volume load on the LV, but regurgitation may decrease with exercise and higher
heart rates. Additionally, there is an association between BAVs and dilation of the ascending aorta. The current AHA/ACC guidelines for
BAVs base their recommendations on the sever-
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ity of valve dysfunction, placing restrictions on
athletes with moderate to severe aortic stenosis
(symptomatic or asymptomatic) and on those
with severe aortic regurgitation and signs of LV
dysfunction [63, 64]. Because valve dysfunction
can progress, annual clinical and echocardiographic monitoring is recommended for athletes
with BAVs, with periodic exercise stress testing
to evaluate the hemodynamic effects of the BAV
during exercise.

69.5.8 Anomalous Coronary
Arteries
Congenital coronary anomalies are among the
most common causes of SCD in athletes [7, 10,
65, 66]. Of particular concern are coronary ostia
that arise from the incorrect sinus of Valsalva
and course inter-arterially between the pulmonary artery and aorta. Although anomalous
right coronary ostia arising from the left sinus
are more common in the population, anomalous
left coronary ostia are more common in cases of
SCD. Acutely angled takeoffs from the aorta and
an intramural course are thought to be additional
risk markers. Anomalous coronary arteries may
present with symptoms of exertional chest pain
and occasionally are associated with an abnormal ECG. Coronary or CT angiography is the
gold standard for diagnosis, while surgery is
the only therapy for correcting these conditions.
The ACC/AHA guidelines recommend that all
symptomatic athletes with anomalous coronary
arteries, and athletes with anomalous left coronary arteries be restricted from sports competition [63]. Athletes may return to sports 3 months
after surgical correction. Management of athletes
with anomalous right coronary ostia is less clear,
though all athletes should be risk stratified by use
of stress testing.

69.5.9 Aortic Enlargement
Aortic dissection can be a cause of SCD in athletes but is most commonly seen in the setting
of a BAV or an underlying genetic aortopathy
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condition such as Marfan syndrome. Although
aortic enlargement can occur as part of EICR,
aortic root dimensions greater than 40–42 mm
in men and 36–38 mm in women rarely occur,
even among large body size athletes [33, 35, 67].
Marfan syndrome is caused by pathogenic variation in the Fibrillin-1 (FBN-1) gene, leading to
an abnormal connective tissue substrate [68].
Multiple organ systems can be involved, and
characteristic physical findings for Marfan syndrome may be present, including facial features,
pectus abnormalities, pes planus (flat feet), and
increased arm wingspan. Aortic aneurysm and
dissection are the major causes of morbidity and
mortality in Marfan syndrome, and dissections
occur at smaller aortic diameters compared to
other causes of aortic enlargement (e.g., hypertension). For all athletes with aortic aneurysms,
there is concern that exercise, and strength training in particular, will result in increased aortic
stress and a faster rate of aneurysm growth and
that contact sports will increase the likelihood of
dissection. It is recommended that athletes with
aortic enlargement undergo routine assessment
of aortic size every 6–12 months [67].
The AHA/ACC guidelines provide nuanced
recommendations for sports participation based
on the size of the aorta and the presence of an
underlying aneurysm syndrome [67]. Basketball
(a class IIC, moderate static, high dynamic sport)
is not recommended for athletes with Marfan
syndrome or other genetic aortopathy of any
aortic size, or for athletes with BAV and mild-
moderate aortic enlargement (>42 mm in men,
>39 mm in women).

69.5.10

Myocarditis

Myocarditis is an acquired disorder of myocardial inflammation, usually caused by viral infections. Myocarditis usually presents with chest
pain, shortness of breath, or dysrhythmias, often
has concurrent ECG changes or troponin elevations, and is a serious condition that can result
in permanent cardiac dysfunction and scarring.
Cardiac MRI plays an important role in the
diagnosis of myocardial inflammation and scar-

885

ring. For athletes in the acute phase of myocarditis, there is a strong recommendation against
sports participation, regardless of the severity of
inflammation or the presence of LV dysfunction
[47]. After 3–6 months, and prior to returning to
sports competition, athletes should then undergo
a comprehensive evaluation including an echocardiogram, ambulatory rhythm monitoring, and
exercise stress testing. Athletes with normal LV
function and no evidence of active myocarditis
or clinically significant ectopy or arrhythmias are
allowed to return to competition.

69.5.11

Athletes with Implantable
Cardioverter Defibrillators
(ICDs)

ICDs can play an important role in preventing SCD in individuals deemed at high risk of
ventricular dysrhythmias. ICDs are commonly
used for the prevention of SCD in HCM, DCM,
ARVC, LQTS, and other channelopathies.
However, there have been uncertainties regarding
the effectiveness of the ICD to detect and treat
arrhythmias amid the exercise milieu (tachycardia, dehydration, possible electrolyte imbalance),
and concern about inappropriate shocks and
damage to the leads and generator amid repetitive exercise and contact sports. To help inform
this decision-
making, the Sport-ICD Registry
tracked athletes with ICDs and found them to
be largely effective [69]. Among the 372 registry participants, 13% and 11% had appropriate and inappropriate shocks, with more shocks
occurring during exercise than at rest (16% vs.
6%, p < 0.0001). However, of the two deaths
that occurred during the 31-month follow-up
period, neither occurred during or after exercise.
In recognition of this data, the AHA/ACC guidelines are more lenient regarding high-intensity
sports participation if an athlete has an ICD and
has been free of arrhythmias or ICD shocks in
recent months [47]. However, standard guidelines regarding ICD implantation apply to athletes and non-athletes alike, and ICDs should not
be implanted for the sole purpose of permitting
sports participation.
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69.6

Shared Decision-Making

The above AHA/ACC recommendations for
sports eligibility and disqualification are based
on expert consensus, taking into account existing
data and important clinical experience. A particular challenge for the guideline committee is the
relative paucity of safety data for sports participation for distinct cardiovascular conditions and the
tremendous uncertainty that exists when assessing individual athlete risk. Absent this safety
data, the current guidelines generally favor risk
avoidance, and the overall effect of the guidelines
has been criticized for favoring a binary yes-no
approach to challenging and nuanced sports eligibility situations.
There has been a general trend in medical
practice away from paternalistic recommendations in favor of more patient-centric, shared
decision-making, and this approach is gaining
increasing acceptance in the sports cardiology
community [70] and plays a central role in the
ESC sports participation recommendations [45].
With this approach, sports cardiology providers
play a fundamental role in informing athletes of
the risks involved with sports participation and
discussing these risks in the context of the athlete’s overall life goals and values. Throughout
this process, sports cardiologists and other care
providers must continue to place the highest priority on athlete health and wellness.
There are practical challenges to shared
decision-
making when applied to sports participation questions. First, the risks involved are
often unknown and/or unquantifiable, making the
overall framework of the discussion less concrete.
Second, athletes presented with these dilemmas often have longstanding hopes and dreams
tied to sports success, and sports participation is
often fundamental to their personal identity. In
this regard, the decisions surrounding sports participation are different from most other medical
situations. Third, competitive athletes may have
external pressures or motivations, including sizeable financial implications in some situations.
Fourth, the young athletes who are faced with
these questions often tend toward risk-
taking
behavior and may not accurately appreciate the

risks involved and their long-term implications.
Finally, there may be third-party stakeholders
such as a school or team who err toward athlete
safety or have legal considerations. On the other
hand, disqualification from sport can have unintended consequences, such as short- or long-term
psychological distress and restricted access to
college scholarships or the financial earnings of
professional sport.
It is important to understand that the principles of shared decision-making, while attractive
to the patient–clinician discourse, are not absolute. For instance, sports cardiologists would uniformly agree that a competitive athlete diagnosed
with ARVC should not compete in high-intensity
sports. The potential to mitigate risk through
medical interventions is also an important element to guide the decision process. Outcome
data present for optimally managed LQTS and
CPVT is very limited for other diseases, specifically the cardiomyopathies. Thus, while eligibility decisions are particularly difficult in athletes
with pathologic conditions associated with SCD,
a cautious approach may be prudent until additional safety data emerges.

69.7

Return to Play
Considerations

The number of athletes with known cardiovascular conditions participating in sports competition is increasing due to several temporal trends.
Contributors include increased disease detection
through athlete screening programs, increased
recognition of a shared decision-making approach
to sports participation determination, and recent
observational data regarding the safety of sports
participation in athletes with channelopathies,
ICDs, and other conditions.
Athletes with confirmed cardiovascular conditions who are deemed eligible to return to play
should have risk stratification and treatment optimization prior to resumption of sports competition. A plan for ongoing follow-up and monitoring
should be established at that time, and athletes
should be serially evaluated on a minimum annual
basis while they are actively participating in sports.
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Additionally, team physicians, athletic trainers, and coaches should be aware of the athlete’s
condition, with an emergency action plan in place
to be able to respond appropriately should an
adverse event occur. For conditions that predispose to SCD, this includes ensuring the availability of an automatic external defibrillator (AED)
and educating team personnel in cardiopulmonary resuscitation and AED use.
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6. For athletes allowed to return to sports
competition, there must be good communication between sports cardiologists,
team physicians, athletic trainers, and
coaches, and an emergency action plan
established including access to an AED.
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SCD but also the potential of accelerating or worsening the disease course.

1. Harmon KG, Drezner JA, Wilson MG, Sharma
S. Incidence of sudden cardiac death in athletes: a
state-of-the-art review. Heart. 2014;100(16):1227–34.
2. Eckart RE, Scoville SL, Campbell CL, et al.
Sudden death in young adults: a 25-year review
of autopsies in military recruits. Ann Intern Med.
2004;141(11):829–34.
3. Eckart RE, Shry EA, Burke AP, et al. Sudden death in
young adults: an autopsy-based series of a population
undergoing active surveillance. J Am Coll Cardiol.
2011;58(12):1254–61.
4. Corrado D, Basso C, Rizzoli G, Schiavon M, Thiene
G. Does sports activity enhance the risk of sudden
death in adolescents and young adults? J Am Coll
Cardiol. 2003;42(11):1959–63.
5. Van Camp SP, Bloor CM, Mueller FO, Cantu RC,
Olson HG. Nontraumatic sports death in high
school and college athletes. Med Sci Sports Exerc.
1995;27(5):641–7.
6. Harmon KG, Asif IM, Klossner D, Drezner
JA. Incidence of sudden cardiac death in National
Collegiate Athletic Association athletes. Circulation.
2011;123(15):1594–600.
7. Maron BJ, Haas TS, Ahluwalia A, Murphy CJ,
Garberich RF. Demographics and epidemiology of
sudden deaths in young competitive athletes: from
the United States National Registry. Am J Med.
2016;129(11):1170–7.
8. Kong MH, Fonarow GC, Peterson ED, et al.
Systematic review of the incidence of sudden cardiac death in the United States. J Am Coll Cardiol.
2011;57(7):794–801.
9. Stecker EC, Reinier K, Marijon E, et al. Public health
burden of sudden cardiac death in the United States.
Circ Arrhythm Electrophysiol. 2014;7(2):212–7.
10. Harmon KG, Asif IM, Maleszewski JJ, et al.
Incidence, cause, and comparative frequency of sudden cardiac death in National Collegiate Athletic
Association Athletes: a decade in review. Circulation.
2015;132(1):10–9.
11. Galea S, Blaney S, Nandi A, et al. Explaining
racial disparities in incidence of and survival from
out-of-hospital cardiac arrest. Am J Epidemiol.
2007;166(5):534–43.

888
12. Maron BJ, Doerer JJ, Haas TS, Tierney DM, Mueller
FO. Sudden deaths in young competitive athletes:
analysis of 1866 deaths in the United States, 1980-
2006. Circulation. 2009;119(8):1085–92.
13. de Noronha SV, Sharma S, Papadakis M, Desai S,
Whyte G, Sheppard MN. Aetiology of sudden cardiac
death in athletes in the United Kingdom: a pathological study. Heart. 2009;95(17):1409–14.
14. Harmon KG, Drezner JA, Maleszewski JJ, et al.
Etiologies of sudden cardiac death in National
Collegiate Athletic Association Athletes. Circ
Arrhythm Electrophysiol. 2014;7(2):198–204.
15. Siscovick DS, Weiss NS, Fletcher RH, Lasky T. The
incidence of primary cardiac arrest during vigorous
exercise. N Engl J Med. 1984;311(14):874–7.
16. Maron BJ, Chaitman BR, Ackerman MJ, et al.
Recommendations for physical activity and recreational sports participation for young patients
with genetic cardiovascular diseases. Circulation.
2004;109(22):2807–16.
17. Maron BJ, Shirani J, Poliac LC, Mathenge R, Roberts
WC, Mueller FO. Sudden death in young competitive
athletes. Clinical, demographic, and pathological profiles. JAMA. 1996;276(3):199–204.
18. Basavarajaiah S, Wilson M, Whyte G, Shah A,
McKenna W, Sharma S. Prevalence of hypertrophic
cardiomyopathy in highly trained athletes: relevance
to pre-participation screening. J Am Coll Cardiol.
2008;51(10):1033–9.
19. Baggish AL, Wood MJ. Athlete's heart and cardiovascular care of the athlete: scientific and clinical update.
Circulation. 2011;123(23):2723–35.
20. Dawes TJ, Corden B, Cotter S, et al. Moderate
physical activity in healthy adults is associated
with cardiac remodeling. Circ Cardiovasc Imaging.
2016;9(8):e004712.
21. Chandra N, Bastiaenen R, Papadakis M, Sharma
S. Sudden cardiac death in young athletes: practical challenges and diagnostic dilemmas. J Am Coll
Cardiol. 2013;61(10):1027–40.
22. Maron BJ. Distinguishing hypertrophic cardiomyopathy from athlete's heart physiological remodelling:
clinical significance, diagnostic strategies and implications for preparticipation screening. Br J Sports
Med. 2009;43(9):649–56.
23. Morganroth J, Maron BJ, Henry WL, Epstein
SE. Comparative left ventricular dimensions in
trained athletes. Ann Intern Med. 1975;82(4):521–4.
24. Naylor LH, George K, O'Driscoll G, Green
DJ. The athlete's heart: a contemporary appraisal
of the 'Morganroth hypothesis. Sports Med.
2008;38(1):69–90.
25. Drezner JA, Fischbach P, Froelicher V, et al. Normal
electrocardiographic findings: recognising physiological adaptations in athletes. Br J Sports Med.
2013;47(3):125–36.
26. Mayet J, Shahi M, Foale RA, Poulter NR, Sever
PS, Mc GTSA. Racial differences in cardiac structure and function in essential hypertension. BMJ.
1994;308(6935):1011–4.

D. S. Owens and J. A. Drezner
27. Sheikh N, Papadakis M, Carre F, et al. Cardiac adaptation to exercise in adolescent athletes of African
ethnicity: an emergent elite athletic population. Br J
Sports Med. 2013;47(9):585–92.
28. Chandra N, Papadakis M, Sharma S. Cardiac
adaptation in athletes of black ethnicity: differentiating pathology from physiology. Heart.
2012;98(16):1194–200.
29. Rawlins J, Carre F, Kervio G, et al. Ethnic differences
in physiological cardiac adaptation to intense physical
exercise in highly trained female athletes. Circulation.
2010;121(9):1078–85.
30. Luijkx T, Cramer MJ, Zaidi A, et al. Ethnic differences in ventricular hypertrabeculation on cardiac MRI in elite football players. Neth Heart J.
2012;20(10):389–95.
31. Sheikh N, Papadakis M, Ghani S, et al. Comparison of
electrocardiographic criteria for the detection of cardiac abnormalities in elite black and white athletes.
Circulation. 2014;129(16):1637–49.
32. Basavarajaiah S, Boraita A, Whyte G, et al. Ethnic
differences in left ventricular remodeling in
highly-trained athletes relevance to differentiating physiologic left ventricular hypertrophy from
hypertrophic cardiomyopathy. J Am Coll Cardiol.
2008;51(23):2256–62.
33. Engel DJ, Schwartz A, Homma S. Athletic cardiac
remodeling in US professional basketball players.
JAMA Cardiol. 2016;1(1):80–7.
34. Iskandar A, Thompson PD. Diseases of the aorta in
elite athletes. Clin Sports Med. 2015;34(3):461–72.
35. Iskandar A, Thompson PD. A meta-analysis
of aortic root size in elite athletes. Circulation.
2013;127(7):791–8.
36. Maron BJ, Thompson PD, Ackerman MJ, et al.
Recommendations and considerations related
to preparticipation screening for cardiovascular
abnormalities in competitive athletes: 2007 update:
a scientific statement from the American Heart
Association Council on nutrition, physical activity, and metabolism: endorsed by the American
College of Cardiology Foundation. Circulation.
2007;115(12):1643–455.
37. Bernhardt DT, Roberts WO. Preparticipation physical
evaluation. Elk Grove Village, IL: American Academy
of Pediatrics; 2010.
38. Corrado D, Pelliccia A, Bjornstad HH, et al.
Cardiovascular pre-participation screening of
young competitive athletes for prevention of sudden death: proposal for a common European protocol. Consensus statement of the study Group of
Sport Cardiology of the Working Group of Cardiac
Rehabilitation and Exercise Physiology and the working Group of Myocardial and Pericardial Diseases
of the European Society of Cardiology. Eur Heart J.
2005;26(5):516–24.
39. Drezner JA, Sharma S, Baggish A, et al. International
criteria for electrocardiographic interpretation in
athletes: consensus statement. Br J Sports Med.
2017;51(9):704–31.

69 Playing Basketball with a Cardiac Condition: Recommendations and Guidelines
40. Malhotra A, Dhutia H, Yeo TJ, et al. Accuracy of the
2017 international recommendations for clinicians
who interpret adolescent athletes' ECGs: a cohort
study of 11 168 British white and black soccer players. Br J Sports Med. 2019; https://doi.org/10.1136/
bjsports-2017-098528.
41. Hyde N, Prutkin JM, Drezner JA. Electrocardiogram
interpretation in NCAA athletes: comparison of the
'Seattle' and 'International' criteria. J Electrocardiol.
2019;56:81–4.
42. Zorzi A, Calore C, Vio R, Pelliccia A, Corrado
D. Accuracy of the ECG for differential diagnosis
between hypertrophic cardiomyopathy and athlete's
heart: comparison between the European Society of
Cardiology (2010) and international (2017) criteria.
Br J Sports Med. 2018;52(10):667–73.
43. Waase MP, Mutharasan RK, Whang W, et al.
Electrocardiographic
findings
in
National
Basketball Association Athletes. JAMA Cardiol.
2018;3(1):69–74.
44. Maron BJ, Zipes DP, Kovacs RJ, et al. Eligibility and
disqualification recommendations for competitive
athletes with cardiovascular abnormalities: preamble, principles, and general considerations: a scientific statement from the American Heart Association
and American College of Cardiology. Circulation.
2015;132(22):e256–61.
45. Pelliccia A, Solberg EE, Papadakis M, et al.
Recommendations for participation in competitive
and leisure time sport in athletes with cardiomyopathies, myocarditis, and pericarditis: position statement of the sport cardiology section of the European
Association of Preventive Cardiology (EAPC). Eur
Heart J. 2019;40(1):19–33.
46. Maron BJ. Clinical course and Management of
Hypertrophic Cardiomyopathy. N Engl J Med.
2018;379(7):655–68.
47. Maron BJ, Udelson JE, Bonow RO, et al. Eligibility
and disqualification recommendations for competitive
athletes with cardiovascular abnormalities: task force
3: hypertrophic cardiomyopathy, arrhythmogenic right
ventricular cardiomyopathy and other cardiomyopathies, and myocarditis: a scientific statement from the
American Heart Association and American College of
Cardiology. Circulation. 2015;132(22):e273–80.
48. Hussein A, Karimianpour A, Collier P, Krasuski
RA. Isolated noncompaction of the left ventricle in
adults. J Am Coll Cardiol. 2015;66(5):578–85.
49. Gati S, Chandra N, Bennett RL, et al. Increased left
ventricular trabeculation in highly trained athletes:
do we need more stringent criteria for the diagnosis
of left ventricular non-compaction in athletes? Heart.
2013;99(6):401–8.
50. Gandjbakhch E, Redheuil A, Pousset F, Charron P,
Frank R. Clinical diagnosis, imaging, and genetics of
Arrhythmogenic right ventricular cardiomyopathy/
dysplasia: JACC state-of-the-art review. J Am Coll
Cardiol. 2018;72(7):784–804.
51. Marcus FI, McKenna WJ, Sherrill D, et al. Diagnosis
of arrhythmogenic right ventricular cardiomyopathy/

52.

53.

54.
55.

56.

57.

58.

59.
60.
61.
62.

889

dysplasia: proposed modification of the task force criteria. Circulation. 2010;121(13):1533–41.
Ruwald AC, Marcus F, Estes NA 3rd, et al. Association
of competitive and recreational sport participation
with cardiac events in patients with arrhythmogenic
right ventricular cardiomyopathy: results from the
north American multidisciplinary study of arrhythmogenic right ventricular cardiomyopathy. Eur Heart J.
2015;36(27):1735–43.
Ruiz Salas A, Barrera Cordero A, Navarro-Arce
I, et al. Impact of dynamic physical exercise on
high-risk definite arrhythmogenic right ventricular
cardiomyopathy. J Cardiovasc Electrophysiol.
2018;29(11):1523–9.
La Gerche A, Rakhit DJ, Claessen G. Exercise and the
right ventricle: a potential Achilles' heel. Cardiovasc
Res. 2017;113(12):1499–508.
Al-Khatib SM, Arshad A, Balk EM, et al. Risk stratification for arrhythmic events in patients with asymptomatic pre-excitation: a systematic review for the
2015 ACC/AHA/HRS guideline for the Management
of Adult Patients with Supraventricular Tachycardia:
a report of the American College of Cardiology/
American Heart Association Task Force on Clinical
Practice Guidelines and the Heart Rhythm Society.
Circulation. 2016;133(14):e575–86.
Zipes DP, Link MS, Ackerman MJ, et al. Eligibility
and disqualification recommendations for competitive athletes with cardiovascular abnormalities: task
force 9: arrhythmias and conduction defects: a scientific statement from the American Heart Association
and American College of Cardiology. Circulation.
2015;132(22):e315–25.
Priori SG, Wilde AA, Horie M, et al. Executive summary: HRS/EHRA/APHRS expert consensus statement on the diagnosis and management of patients
with inherited primary arrhythmia syndromes. Heart
Rhythm. 2013;10(12):e85–108.
Ackerman MJ, Zipes DP, Kovacs RJ, et al. Eligibility
and disqualification recommendations for competitive athletes with cardiovascular abnormalities: task
force 10: the cardiac Channelopathies: a scientific
statement from the American Heart Association
and American College of Cardiology. Circulation.
2015;132(22):e326–9.
Johnson JN, Ackerman MJ. Competitive sports participation in athletes with congenital long QT syndrome.
JAMA. 2012;308(8):764–5.
Johnson JN, Ackerman MJ. Return to play? Athletes
with congenital long QT syndrome. Br J Sports Med.
2013;47(1):28–33.
Aziz PF, Sweeten T, Vogel RL, et al. Sports participation in genotype positive children with long QT syndrome. JACC Clin Electrophysiol. 2015;1(1-2):62–70.
Nishimura RA, Otto CM, Bonow RO, et al. AHA/
ACC guideline for the Management of Patients with
Valvular Heart Disease: a report of the American
College of Cardiology/American Heart Association
task force on practice guidelines. Circulation.
2014;129(23):e521–643.

D. S. Owens and J. A. Drezner

890
63. Van Hare GF, Ackerman MJ, Evangelista JA, et al.
Eligibility and disqualification recommendations for
competitive athletes with cardiovascular abnormalities: task force 4: congenital heart disease: a scientific statement from the American Heart Association
and American College of Cardiology. Circulation.
2015;132(22):e281–91.
64. Bonow RO, Nishimura RA, Thompson PD, et al.
Eligibility and disqualification recommendations for
competitive athletes with cardiovascular abnormalities: task force 5: Valvular heart disease: a scientific
statement from the American Heart Association
and American College of Cardiology. Circulation.
2015;132(22):e292–7.
65. Cheezum MK, Ghoshhajra B, Bittencourt MS, et al.
Anomalous origin of the coronary artery arising
from the opposite sinus: prevalence and outcomes
in patients undergoing coronary CTA. Eur Heart J
Cardiovasc Imaging. 2017;18(2):224–35.
66. Harmon KG, Asif IM, Maleszewski JJ, et al. Incidence
and etiology of sudden cardiac arrest and death in

67.

68.
69.

70.

high school athletes in the United States. Mayo Clin
Proc. 2016;91(11):1493–502.
Braverman AC, Harris KM, Kovacs RJ, et al.
Eligibility and disqualification recommendations
for competitive athletes with cardiovascular abnormalities: task force 7: aortic diseases, including
Marfan syndrome: a scientific statement from the
American Heart Association and American College of
Cardiology. Circulation. 2015;132(22):e303–9.
Radke RM, Baumgartner H. Diagnosis and treatment of Marfan syndrome: an update. Heart.
2014;100(17):1382–91.
Lampert R, Olshansky B, Heidbuchel H, et al.
Safety of sports for athletes with implantable
cardioverter-
defibrillators: long-term results of
a prospective multinational registry. Circulation.
2017;135(23):2310–2.
Baggish AL, Ackerman MJ, Putukian M, Lampert
R. Shared decision making for athletes with cardiovascular disease: practical considerations. Curr Sports
Med Rep. 2019;18(3):76–81.

Inherited Aortic Disease
and Sports Participation

70

Sophia Larson, Jonathan Buber,
and Andrew Cheng

70.1

Introduction

In recent years, there have been multiple athletes
who have succumbed to aortic dissection or rupture due to inherited thoracic aortic disease.
Many may remember Flo Hyman, a professional
volleyball player who collapsed during a volleyball match in Japan in 1986 and was found to
have Marfan syndrome (MFS) on autopsy [1].
Chris Patton, a collegiate basketball player, had a
similar story 10 years earlier when he collapsed
during a recreational basketball game and was
found to have MFS on autopsy [1]. More recently,
Isaiah Austin was to become the first legally blind
athlete to play in the National Basketball
Association (NBA); however, after his pre-draft
diagnosed with MFS, he has been banned from
the NBA [2]. These are just three examples of the
cases which have attracted attention in sports
medicine to the importance of aortic root disease,
including Marfan syndrome, in athletes.
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The aortic root is a composite of structures
from the aortic valve to the sinotubular junction,
just proximal to the beginning of the ascending
aorta [3]. The aortic valve has three semilunar
leaflets that attach to the ventricular and aortic
walls and the anterior mitral leaflet. Above the
valve are three aortic sinuses (sinuses of Valsalva).
A primary concern in athletes is aortic root dilation (Fig. 70.1) which can result in life-threatening
sequalae. Increased wall forces in the area of
dilation can lead to dissection—a tear in the wall
of the aorta—which can extend retrograde into
the coronary vessels or anterograde in the ascending and descending aorta (Fig. 70.2) and ultimately aortic rupture and death [4]. During
exercise the body must increase oxygen uptake,
which is accompanied by an increase in cardiac
output and an increase in blood pressure. The
increase in blood pressure, especially during
static exercise, adds significant strain on the aorta
which can be detrimental in patients with dilated
aortas and MFS [5].

70.2

Normative Values for Aortic
Dimensions

The normal aortic root diameter is dependent on
multiple factors including age, sex, body size,
location of measurement, and the type of imaging
modality. Aortic diameters in men are 1–3 mm
larger than in women [6]. Variability in the measured aortic diameter may also result from the
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Fig. 70.1 Magnetic resonance imaging of a dilated aortic root, measuring 5.8 cm

type of imaging modality used, whether contrast
was administered, and whether internal or external aortic diameters were measured. The upper
limit of normal for aortic root diameter in the general population is 39.1 mm in men and 37.2 mm
in women [7]. More recently, particularly in nonadults, z scores that incorporate age, sex, height,
and weight are preferred for the determination of
normal aortic diameter compared with a single
aortic dimension [6]. The z score describes the
standard deviations above or below the mean a
given measurement lies. Aortic dilation is recognized when z score is >2.0 (98th percentile of the
general population). Mild, moderate, and severe

aortic dilation are defined by z scores of 2–3, 3–4,
and >4, respectively [6]. The risk of dissection
increases with increased aortic diameters, and
consequently, accurate measurement and serial
determination of aortic dilation is critical.

70.3

Thoracic Aortic Disease

70.3.1 Incidence
The incidence of thoracic aortic disease (TAD)
such as thoracic aortic aneurysms and dissection
is estimated to be 9.1–16.3/100,000 person-
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Fig. 70.2 Echocardiogram of an aortic dissection. Arrows marking the dissection flap and true and false lumen

years [8]. However due to the asymptomatic
nature of aortic aneurysms, the prevalence is
likely underestimated. About 20% of patients
with TAD have a family history of aortic disease,
either bicuspid aortic valve (BAV) or a genetic
connective tissue disorder such as MFS, Loeys–
Dietz syndrome (LDS), or familial thoracic aortic aneurysm and dissection syndrome (FTAAD)
[9]. BAV is of particular interest because it is not
uncommon with a prevalence of 1–2% in the
general population; however, these individuals
seem to be at a lower risk for dissection [10].
MFS has a lower prevalence, about 1 in 5000–
10,000, but a higher risk of acute aortic dissection [11]. The prevalence of MFS has been
speculated to be higher in basketball and volleyball players due to the tall stature and long limbs
associated with the syndrome.

70.3.2 Risk of Dissection
The catastrophic consequence of aortic root dilatation is acute dissection and rupture. The risk of
dissection in the general population is due to
many factors, but the main risk factor is the severity of the aortic dilation. However, there are some
patients with acute aortic dissection who do not
have markedly dilated aortas at the time of dissection. For patients with sporadic thoracic aortic
aneurysms (TAA) without genetically mediated
TAD, TAAs are routinely repaired once they are
greater than 5.5 cm, based on the rate of rupture.
A 2002 study by Davies et al. included 304
patients with mostly ascending TAA (72%),
overall rates of dissection or rupture were 2, 3,
and 7% per year for TAA less than 5.0 cm, 5.0–
5.9 cm, and ≥6.0 cm, respectively. The combined
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Table 70.1 Guideline recommendations for surgical intervention [7, 57, 58].
Inherited aortic disease type
Marfan syndrome

Loeys–Dietz syndrome thoracic
aortic aneurysm/dissection
Turner syndrome
Ehlers–Danlos syndrome (any
type)
Non-syndromic aortopathy
Bicuspid aortic valve

General population

American Heart Association
2010, 2014
>50 mma
>40 mm if contemplating
pregnancy
≥40–42 mm
(echocardiogram)
≥44–46 mm (CT or MRI)
4.5–5 cm (aorta >2.5 cm/m2)
No specific datab
No specific datab
>55 mm
>50 mmc
>45 mmd
≥55 mm

European Society of Cardiology 2014
≥50
≥45e
Treat patients with marfanoid manifestations as
per Marfan syndrome thresholds
>27.5 mm/m2f
No specific datab
No specific datab
≥55 mm
≥50 mmg
≥55 mm

Repair if family history of aortic dissection at <50 mm, severe aortic regurgitation or rapid growth >5 mm/year
b
Published data suggests treatment should be based on family history
c
If any of the following risk factors: family history of dissection, growth ≥5 mm/year
d
If having surgery for severe aortic stenosis or regurgitation or AR
e
If any of the following risk factors: family history of dissection, size increase >3 mm/year, severe aortic regurgitation
(AR) or mitral regurgitation, desire for pregnancy
f
Other data suggests a cutoff of >25 mm/m2 should be utilized
g
If any of the following risk factors: family history of dissection, hypertension, coarctation of the aorta, size increase
>3 mm/year
a

endpoint of rupture, dissection, or death overall
occurred at a rate of 16% per year among patients
with TAA ≥6.0 cm [12]. Even though the risk of
dissection increases with aortic diameter, most
patients who present with dissection have
smaller-diameter aneurysms. In a review of 591
patients with type A dissection enrolled in the
International Registry of Acute Aortic Dissection
(IRAD), the mean diameter was 5.3 cm [13];
however, 40% had an aortic diameter <5.0 cm.
For many patients with genetic causes for
their thoracic aneurysms, there is higher risk of
dissection than the general population. Specific
criteria for elective repair in patients with a
genetic cause for their aneurysm are described in
Table 70.1.

70.4

Genetic Etiologies
for Thoracic Aortic Disease

Genetic/inherited diseases that pose increased risk
of aneurysm and dissection include BAV, syndromic conditions such as MFS and LDS, as well

as non-syndromic genetic etiologies known as
familial thoracic aortic aneurysm and dissection.

70.4.1 Bicuspid Aortic Valve
The bicuspid aortic valve is the most common
congenital heart disorder affecting approximately
1–2% of the population with a 2–3:1 male:female
ratio [14]. BAV is a heritable trait. Family studies
report the prevalence in the first-degree relatives of
an individual with a BAV to be 9–10% [15, 16].
The inheritance of BAV is consistent with an autosomal dominant pattern with reduced penetrance
[15]. The genetic causes for BAV remain elusive.
Mutations in NOTCH1 are associated with familial and non-familial BAV and may result in aortic
aneurysms and early aortic calcification [14].
Mutations in other single genes such as ACTA2,
TGFB2, GATA5, NKX2-5, and SMAD6 have been
associated with BAV [17]. Polymorphisms in
other genes may associate with BAV risk [18]. In
most patients, no specific genetic variant is discovered. BAV is also associated with genetic condi-
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tions such as DiGeorge syndrome, LDS, Anderson
syndrome (KCNJ2 mutation), Turner syndrome as
well as complex congenital heart disease such as
Shone’s complex and hypoplastic left heart syndrome [17, 19].
The cardiovascular sequelae associated with
BAV include aortic regurgitation(AR), aortic
stenosis(AS), as well as aortic pathology; frequently aortic dilation and less commonly aortic
coarctation. Over 50% with BAV will have aortic
enlargement >2 standard deviations above the
norm by 30 years of age. The rate of aortic growth
among patients with BAV range from 0.2 to
2.3 mm per year and varies based on age, underlying valve disease (AR versus AS), location of the
dilatation, baseline aortic diameter, family history,
and leaflet morphology [20–22]. The risk of aortic
dissection among BAV populations is unclear. In
IRAD, a BAV was present in 9% of dissection
patients <40 years old, but only in 1% of those
>40 years [23]. In historic necropsy studies, dissections were found in 6–15% of BAV subjects
[24]. More contemporary studies have shown the
absolute lifetime risk of aortic dissection for the
BAV patient followed with routine imaging studies is quite low, with an incidence of 3.1 per 10,000
patient-years [25–28]. Interestingly some studies
have also shown individuals with BAV tend to dissect at larger dimensions than their tricuspid aortic
valve counterpart (62 mm vs. 53 mm) [29].

70.4.2 Marfan Syndrome
Marfan syndrome is the most common heritable
connective tissue disorder with an incidence of
1 in 5000–10,000. MFS is inherited in an autosomal dominant manner with 25% of patients having
sporadic, new mutations without a family history
[30]. The causative gene mutation involves FBN1
which encodes the microfibrillar protein fibrillin-1. Alteration in the microfibril protein structure
results in the classic stigmata of ocular, skeletal,
and cardiovascular abnormalities, such as mitral
valve prolapse and aortic root dilatation [31]. The
diagnosis is based upon the Ghent nosology which
was revised by an international expert panel in
2010. The revised criteria places increased impor-
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tance on the cardinal clinical features of aortic root
dilation/dissection and ectopia lentis (lens dislocation), as well as genetic testing [32]. Molecular
genetic testing of the fibrillin 1 (FBN1) gene (locus
15q21.1) reveals a causative mutation in ∼70–90%
of individuals fulfilling the clinical diagnostic criteria for MFS [33]. See Table 70.2 for the clinical
criteria to diagnosis MFS.
The most feared consequence of MFS is aortic
dissection/rupture. Approximately 60–80% of
adult patients with MFS will develop aortic root
dilation, with a higher prevalence in males [34].
The mean rate of growth in the ascending aorta/
root has been reported to be 0.26 cm ± 0.05 cm/
year with annual rates up to 0.46 cm in individuals
with aneurysm >6.0 cm. In MFS, the yearly risk of

Table 70.2 Diagnosis of Marfan syndrome based on the
Ghent criteria
Diagnosis of Marfan syndrome based on the 2010
Revised Ghent Criteria
Absence of family history
1. Aortic root dilation: z score ≥ 2.0 and Ectopia lentis
2. Aortic root dilation: z score ≥ 2.0 and FBN1
mutation
3. Aortic root dilation: z score ≥ 2.0 and systemic
score ≥ 7.0 points
4. Ectopia lentis and FBN1 mutation known to be
associated with aortic root dilation
Presence of family history
1. Ectopia lentis and family history
2. Systemic score ≥ 7 points and family history
3. Aortic root dilation: z score ≥ 2.0 above 20 years
old or ≥3.0 below 20 years old and family history
Systemic score
Points
Wrist AND thumb sign
3
Wrist OR thumb sign
1
Pectus carinatum deformity
2
Pectus excavatum or chest asymmetry
1
Hindfoot deformity
2
Plain flat foot
1
Dural ectasia
2
Protucio acetabulae
2
Scoliosis or thoracolumbar kyphosis
2
Reduced elbow extension
1
3 of 5 facial features
1
Skin striae
1
Severe myopia
1
Mitral valve prolapse
1
Reduced upper segment/lower Segment &
1
Increased arm span/height
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aortic complications (
rupture/dissection/death)
increases from 8% for aortic root diameter <4.0 cm
to over 18% for diameters >6.0 cm [35].

70.4.3 Loey–Dietz Syndrome
Loeys–Dietz syndrome is an autosomal dominant
connective tissue disease associated with arterial
aneurysms and dissections as well as other systemic involvement [36, 37]. LDS is characterized
by the clinical triad of arterial tortuosity and aneurysms, hypertelorism, and bifid uvula or cleft palate. Aneurysms occur in the aortic root, but unlike
MFS, are also commonly found in other vascular
beds including aortic side branches. Arterial tortuosity commonly affects the head and neck vessels,
and cerebral hemorrhage is a common cause of
death in individuals with LDS. Importantly, aortic
dissection can occur at diameters smaller than
those observed in MFS [37, 38]. Abdominal hernias, thin translucent skin, atrophic scars, and
poor wound healing are also commonly present in
LDS, but not seen in MFS [39]. LDS is associated
with deregulation in transforming growth factorbeta (TGF-β) signaling and is now divided into
six subtypes based on the pathologic gene variant
[40], all of which encode proteins involved in the
TGF-β signaling pathway. There is considerable
overlap between the subtypes and are considered
part of the same clinical continuum.
Specific diagnostic criteria for LDS have not
been established. Typically, the diagnosis is rendered when a patient has a vascular aneurysm in
addition to identification of a disease-causing
mutation on genetic testing. Consideration should
be given for genetic testing in families with multiple members with aortic or other arterial dilation.
In LDS, dissection can occur at aortic dimensions
that are not considered high risk in MFS (<5.0 cm).

70.4.4 Familial Non-syndromic
Thoracic Aortic Aneurysm
and Dissection
Familial non-syndromic thoracic aortic aneurysm
and dissection are characterized by defects of the
aorta with few outward physical manifestations.

The diagnosis of FTAAD is based upon the following criteria: progressive enlargement of the
ascending aorta, positive family history of thoracic aortic aneurysm and dissection (TAAD),
and exclusion of syndromic causes of TAAD such
as MFS and LDS. Recent work has identified
pathogenic mutations in genes involved in the
TGF-β pathway; TGFBR1, TGFBR2, TGFB2
ligand, TGFB3 ligand, and SMAD3; and in genes
involved in smooth muscle cell function, smooth
muscle cell-specific myosin heavy chain 11
(MYH11), smooth muscle-specific alpha actin
(ACTA2), myosin light chain kinase (MYLK), and
cGMP-dependent protein kinase 1 (PRKG1) [41].
However, the genetic etiology is substantially heterogeneous and approximately 80% of all cases of
familial non-syndromic TAADs cannot be
explained by pathogenic variants in any of these
genes [42]. Unlike MFS and even LDS, the natural history and clinical events of non-syndromic
TAADs has not been well established. However,
like LDS, there has been reports of dissection/rupture at smaller aortic dimensions <5.0 cm.

70.5

Treatment

70.5.1 Medical Management
The majority of currently available recommendations on medical therapy of patients with inherited diseases of the aorta are informed
predominantly from MFS studies, as studies on
patients with other aortic diseases are scarce.
Regardless of the cause and the type of aortic disease, the main goals of medical therapy are to
reduce the structural changes within the aortic
wall and to delay aortic dilatation and subsequent
dissection or rupture. Lowering systemic blood
pressure below 120 mmHg and decreasing
cardiac contractility are thought to be beneficial
strategies in delaying progressive aortic dilatation [7]. Risk factors, particularly smoking and
hypertension, should be aggressively addressed
in all patients who have aortic disease.
The two main medication classes used for the
treatment of inherited aortic diseases are
β-blockers and angiotensin receptor blockers
(ARB). Although both these classes effectively
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reduce blood pressure, each one pertains additional effects by which it reduces the risk of arterial morbidity and mortality. β-Blockers
effectively reduce myocardial contractility and
the amplitude of aortic wave reflections [43],
whereas ARBs affect the TGF-β signaling pathway, which is altered in MFS as well as in other
inherited aortic diseases, such as Loeys–Dietz
syndrome or some types of FTAAD. There is no
specific aortic diameter cutoff value above which
initiation of medical therapy is recommended.
Rather, data suggests that medical therapy should
be initiated at a very young age, potentially during childhood years, in order to effectively modify vascular disease and delay aortic diameter
growth [44]. Importantly, no clinical trial to date
has demonstrated that medical therapy alone
decreases mortality in patients with MFS or other
forms of inherited aortic diseases.

70.5.1.1 β-Blockers
For many years, β-blockers were considered the
mainstay medical treatment for individuals with
inherited aortic diseases. Although these agents
were not shown to significantly change the central aortic pressures, a negative inotropic effect of
β-blockers may reduce the amplitude of aortic
wave reflections [43], and a negative chronotropic effect may reduce the number of contractions per minute and decrease the forces
impacting the aorta. Atenolol, a β-blocker that
has been extensively studied in MFS, was shown
to improve elastic aortic properties and to
decrease aortic wall stiffness, a parameter that
strongly correlates with aortic-root growth and
clinical outcomes [45]. Despite the shortage of
data, the American College of Cardiology/
American
Heart
Association/American
Association for Thoracic Surgery guidelines recommend that β-blockers should be administered
to all patients with MFS and aortic aneurysms
unless contraindicated [7].
70.5.1.2

Angiotensin Receptor
Blockers and Angiotensin-
Converting Enzyme
Inhibitors
The deficiency of fibrillin-1 in MFS is accompanied by excessive TGF-β activation and signal-
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ing. ARBs possess the capability of modifying
this signaling pathway, which provides the
rationale behind using these regimens with an
aim to slow aortic growth rate. This was first
demonstrated in mouse models in 2006, when
Habashi et al. showed that the ARB losartan was
able to delay aortic aneurysm progression in a
mouse model of MFS [46]. Evidence of the beneficial effects of losartan in humans was soon to
follow. In their groundbreaking publication
from 2008, Brooke et al. reported that in 18
young patients with MFS treated with losartan,
the rate of aortic root enlargement decreased
considerably as compared to the time period
prior to the initiation of this therapy [47].
Despite the small and non-randomized design
nature of that study, its results led physicians
worldwide to prescribe losartan in an off-label
manner to their MFS patients. Fortunately, randomized clinical trials confirmed these favorable findings: in the Dutch COMPARE trial,
losartan significantly and specifically reduced
dilation of the aortic root when compared with
usual therapies, including β-blockers [48].
Furthermore, in a large trial published in 2014
by the Pediatric Heart Network Investigators,
atenolol and losartan were shown to almost
equally slow aortic diameter growth rates during
a 3-year period [44]. An important observation
made by the authors of both randomized studies
was that the beneficial effects of both ARBs and
β-blockers were more prominent in younger
patients, indicating that starting medical therapy
at a younger age may be warranted. Given the
different mechanisms of action, combining
ARBs and β-blockers may provide additional
protective benefit against aortic growth and dissection, yet data on the efficacy of such combination is limited [49]. Similar to β-blocker
therapy, the effects of ARBs have not been evaluated prospectively in patients with other forms
of inherited aortic diseases, and the use and the
potential vascular protective effects are inferred
from the data obtained from MFS patients.
Angiotensin-converting enzyme inhibitors
(ACEIs) inhibit the production of angiotensin II
and thus reduce the signaling that occurs through
both angiotensin II receptors (angiotensin receptors 1 and 2). When comparing the results of

S. Larson et al.

898

observational studies, losartan appears to be
superior to ACEI in protecting the structure of the
aortic wall and preventing aortic root dilation in
MFS, likely due to its TGF-β blocking capabilities [50].

70.5.1.3 Statins
Statins (3-hydroxy-3-methylglutaryl coenzyme
A reductase inhibitors) are primarily used to
reduce the progression of atherosclerosis through
their lipid-lowering and anti-inflammatory
effects. Although interest in incorporating statins
into the medical treatment of patients with inherited aortic diseases rose with the appreciation
that therapy may reduce the expression of matrix
metalloproteinases (MMP) [51], clinical data
remains limited. In an MFS mouse model, mice
were treated daily from the age of 6 weeks with
pravastatin or losartan and both treatments
resulted in a significant reduction in aortic root
dilatation [52]. Human data primarily exists for
individuals with BAV, in which the aortic size
was reported lower in statin-treated patients compared to controls [53].
70.5.1.4 Calcium Channel Blockers
Although calcium channel blockers (CCB)
have the potential to slow aortic growth rate by
reducing central blood pressure, there is some
data to suggest that treatment with these agents
may in fact lead to exacerbation of aortic disease, as CCB therapy was found to cause premature death in MFS mice due to increased
extracellular signal-regulated kinase activation
[54]. Therefore, CCBs should be used with
caution in patients with MFS and other inherited aortic diseases. Furthermore, when compared to CCBs, atenolol therapy was able to
slow the heart rate and delay aortic wave progression more effectively in a randomized clinical trial [55].
70.5.1.5 Fluoroquinolones
In a recently published large case-crossover
study, patients with an enlarged aorta or aneurysm were shown to have an overall increased

risk of aortic aneurysm progression of dissection
within 60 days of taking fluoroquinolone antibiotics [56]. The likely underlying mechanism for
this unwarranted effect is MMP activity induced
by fluoroquinolones. Following this and other
similar reports, the US Food and Drug
Administration published a warning statement,
stating that unless there are no other treatment
options available, patients with any form of
inherited aortic disease, aortic aneurysm, or connective tissue disorder should not be administered fluoroquinolones.

70.5.2 Surgical Management
Medical therapy alone is ineffective in halting
aortic growth and preventing aortic dissection
or rupture in inherited aortic disease patients.
The standard approach to preventing ascending
aortic dissection in these patients remains the
use of early surgical repair of aortic
aneurysms.
Numerical diameter thresholds for such preventive surgical intervention vary by disease
type, as aortic dissections or ruptures can occur at
different dimensions in different pathologies.
Table 70.1 summarizes the current recommendations of aortic diameter thresholds for prophylactic surgery published by the European Society of
Cardiology [57] and the American Heart
Association [7, 58]. Apart from the actual size of
the aorta, the rate of aortic growth, the presence
of a concomitant aortic valve disease, and the
presence of a positive family history of aortic
dissection are also used to risk stratify the patients
and for decision-making when considering prophylactic surgery.

70.6

Sports Participation

When contemplating sports participation in
patients with aortopathies, the complex effects of
exercise on the aortic wall, including (1) the
effect of progression of the aortic wall dilatation
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and (2) the associated risk for aortic dissection or
rupture should be carefully considered. The type
(i.e., dynamic or static), intensity, and frequency
of exercise can cause distinctive changes in vascular flow dynamics and pressure buildup within
the aorta. Thus, conversations with the athlete
and the coaching team need to be comprehensive,
with an aim to gain as much understanding as
possible about the type of the desired sports and
the training routine required to become successful in it.

70.6.1 Physiology of Exercise
and the Effects on the Aorta
Dynamic exercise causes a mild increase in systolic blood pressure (SBP), a mild decrease in
the diastolic blood pressure (DBP), and a concomitant decrease in the peripheral vascular
resistance with an overall slight decrease in the
mean BP. Maximal efforts do not typically
increase SBP to values above 210 mm Hg,
whereas submaximal exercise rarely leads to
systolic blood pressures higher than 180 mm Hg
[59]. Static exercises induce a different physiological response: during intense isometric activities such as heavy weightlifting, there is reflex
vasoconstriction to the non-contracting muscles
that is aimed to increase perfusion to the contractile muscles. This leads to a significant and
disproportionate rise in SBP, DBP, mean BP,
and vascular resistance [60]. In one study,
healthy volunteers who were evaluated in the
catheterization lab with indwelling arterial catheters during exercise were shown to have BP
values as high as 480/350 mm Hg during a single bench press, and even higher values with the
Valsalva maneuver [61]. Placing these values
into context, experimental aortic modeling data
and data derived from wall stretch measurements of aortic wall tissues obtained from individuals with aortic diseases indicate that repeat
surges of blood pressures exceeding 200–
220 mm Hg, especially when accompanied by
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the Valsalva maneuver, can cause tearing of the
aortic wall and should be avoided in patients
with inherited aortic diseases, especially if the
aorta is already dilated [62, 63].
Apart from a handful of case reports that
described acute aortic dissections during
weightlifting in individuals with MFS or other
aortopathies, little data exists as to the actual
incidence of aortic dissection and rupture during
or after exercise in this patient population. One
study that showed the potentially higher risk of
dissections was published by Hatzaras et al.,
who reported that among patients who suffered
from a dissection at the time of heavy weightlifting, the majority had at least a mildly dilated
aorta based on imaging at the time of the dissection (mean 4.6 cm; range 3.0–7.8 cm) [64].
Although isometric exercise causes significant surges in SPB as described above, these
surges are relatively short-lived, whereas the
more modest but persistent increases in BP
associated with dynamic exercise may impact
the aortic wall for more prolonged periods. This
is the likely underlying mechanism behind the
observations that endurance athletes have larger
aortas as compared to the general population
and even to strength-trained athletes [65, 66].
This provides the rationale for the current recommendation to avoid prolonged dynamic
exercise in athletes with inherited aortic diseases, even though like static exercise, the
effects have not been directly evaluated in this
population.

70.6.2 Recommendations
for Physical Activity
In 2015, the American Heart Association/
American College of Cardiology published a
joint scientific statement on sports participation
for competitive athletes with aortic diseases,
including MFS [67]. As shown in Fig. 70.3, exercise types are divided into static and dynamic
components and further sub-categorized into low,
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II. Moderate (10%-20%)
I. Low (<10%)

Increasing static component

III. High (30%)

900
Bobsledding/Luge
Field events (throwing)
Martial arts
Rock climbing
Gymnastics*
Sailing
Water skiing*
Weightlifting*
Windsurfing*

Body building*
Downhill skiing
Skateboarding*
Snowboarding*
Wrestling*

Boxing
Canoeing
Kayaking
Cycling*
Decathlon
Rowing
Speed skating
Triathlon*

Archery
Auto racing*
Diving*
Equestr*ian
Motorcy*cling

American football*
Field events
Figure skating
Rodeoing*
Rugby
Running (sprint)
Surfing
Synchronized swimming
“Ultra” racing

Basketball*
Ice hockey*
Cross-country skiing
(skating technique)
Lacrosse*
Running (middle distance)
Swimming
Team handball
Tennis

Bowling
Cricket
Curling
Golf
Riflery
Yoga

Basketball/Softball
Fencing
Table tennis
Volleyball

Badminton
Cross country skiing
(classic technique)
Field hockey*
Orienteering
Racewalking
Racqurtball/squash
Running (long distance)
Soccer*

A. Low (<50%)

B. Moderate (50%-75%)

C. High (>75%)

Increasing dynamic component
*Danger of bodily collision

Fig. 70.3 Professional sports classification by dynamic
and static components. Increasing static components are
based on estimated percent of maximal voluntary contrac-

tion during exercise. Increasing dynamic components are
based on maximal oxygen uptake during exercise.
(Adapted from Ref. 68)

medium, and high intensity [68]. The recommendations, which are summarized in Fig. 70.4, are
provided for each type of aortic disease. Similar
to the recommendations on prophylactic surgical
intervention, in addition to aortic size, the recommendations for sports participation take into
account the presence of positive family history of
dissections, left ventricular ejection fraction, the
presence of valvular dysfunction, and the presence of disease in arterial vessels other than the
aorta.
In certain circumstances, the recommendations permit athletes with MFS and other inherited aortic diseases to participate in
low-and-moderate static and low dynamic competitive sports only, yet with the exception of a
BAV without aortic dilatation, basketball playing
is considered contraindicated in these individuals.
The dynamic nature of most inherited aortic

diseases mandates that if participation in competitive sports is continued, close aortic surveillance
(i.e., every 6–12 months) with echocardiography
or magnetic resonance angiography is warranted.
Disqualification from competition should result if
the aorta continues to enlarge. Notably, long-term
aortic surveillance is recommended even after
engagement in the competitive athletic lifestyle
has terminated. Athletes with inherited aortic diseases who undergo surgical aortic correction for
aneurysm or dissection and who do not have evidence of residual aortic enlargement may participate in only low static, low dynamic sports (class
IA, Fig. 70.1) that do not include the potential for
bodily collision. Thus, even following aortic surgery, professional basketball playing remains
contraindicated.
When considering the basis of this scientific
statement, the paucity of published data should

Marfan Syndrome

Any type of competitive
sports is contraindicated

Yes
Class IA1
Competitive
sports

No

Any type of competitive
sports is contraindicated

Yes

- Aortic root dilatation (Z score >2, or aortic
diameter >40 mm, or >2 standard deviations
from the mean relative to
BSA for children and adolescents
<15 years old)
- Moderate to severe mitral regurgitation
- Family history of aortic dissection
- Cerebrovascular disease
- Branch vessel aneurysm or dissection

Presence of > 1 of the below conditions?

Class IA1
Competitive
sports

No

classes lA, IB, IC,IIA, lIB, and IICsports1 with
a low likelihood
of significant bodily contact with avoidance of
intense weight training may be considered.

No

Yes

All types
of competitive
exercise permitted

Any type of competitive
sports is
contraindicated

markedly dilated aorta (>45 mm)

Competitive sports that involve
potential for bodily collision
is contraindicated

Dilated aorta
measuring 43 to 45 mm

Low intensity competitive sports
(class lA)1 with a low
likelihood of bodily contact may
be considered

Z score 2 to 3.5 or aortic root
/ascending aortic diameters
measuring 40 to 42 mm in
men or 36 to 39 mm in
women and no features of
associated connective tissue
disorder

Any type of competitive
sports is contraindicated

Yes

- Aortic enlargement (Z score >2) or dissection, or
branch vessel enlargement
- Moderate to severe mitral regurgitation
- Extracardiac organ system involvement that
makes participation hazardous

Presence of > 1 of the below conditions?

Aortic root and ascending aorta are not
dilated ( z score <2, or <2 standard deviations
from the mean, or <40 mm in adults)

Bicuspid aortic valve

Aortic root/ascending aortic diameter

Loeys-Dietz syndrome/
vascular Ehlers-Danlos syndrome

competitive sports that involve intense
physical exertion or the potential for bodily collision is contraindicated

Unexplained/ familial thoracicaortic aneurysm

Fig. 70.4 Eligibility and disqualification recommendations for competitive athletes with inherited aortic disease (adapted from Ref. 67). See Fig. 70.3 for relevant
classification

classes IA and IIA1
competitive sports

No

- Aortic root dilatation ( z score >2, or aortic
diameter >40 mm, or >2 standard deviations from
the mean relative to BSA in children or adolescent<15 years old)
- Moderate to severe mitral regurgitation
- Left ventricular systolic dysfunction (ejection
fraction <40%)
- Family history of aortic dissection at an aortic
diameter <50 mm

Presence of > 1 of the below conditions?

competitive sports that involve intense
physical exertion or the potential for bodily collision is contraindicated

Inherited Aortic disease
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be recognized; the recommendations rely on
expert opinions and/or small-scale clinical evidence. In a systemic review published by Cheng
and Owens, the authors found no outcome studies that evaluated the impact of exercise on the
Marfan population or on patients with existing
aortic dilation or aneurysms concerning aortic
health, aortic enlargement, or adverse outcomes
[5]. Thus, we recommend that upon discussing
these recommendations with the athlete and/or
the coaching staff, full transparency should be
practiced.

Take Home Message

MFS and inherited aortic diseases are
important to consider in competitive athletes to prevent sudden death from acute
aortic dissection or rupture. Despite limited
prospective clinical data, the current recommendations permit athletes with MFS
and other inherited aortic diseases to participate in low-and-moderate static and low
dynamic competitive sports only. With the
exception of a BAV without aortic dilatation, participation in competitive basketball
is contraindicated in these individuals.

Fact Boxes

1. The incidence of thoracic aortic disease
such as thoracic aortic aneurysms and
dissection is estimated to be 9.1–
16.3/100,000 person-years [8]. About
20% of patients have a family history of
aortic disease including Marfan syndrome [9]. The prevalence of Marfan
syndrome has been speculated to be
higher in basketball and volleyball players due to the tall stature and long limbs
associated with the syndrome.
2. No clinical trials to date have demonstrated that medical therapy alone
decreases mortality in patients with
Marfan syndrome or other forms of
inherited aortic diseases. The standard
approach to preventing ascending aortic

dissection in these patients remains the
use of early surgical repair of aortic
aneurysms. Numerical diameter thresholds for preventive surgical intervention
vary by disease type, as aortic dissections or ruptures can occur at different
dimensions in different pathologies [7,
57, 58].
3. In 2015, the American Heart
Association/American
College
of
Cardiology published a joint scientific
statement on sports participation for
competitive athletes with aortic diseases, including Marfan syndrome. The
recommendations permit athletes with
Marfan syndrome and other inherited
aortic diseases to participate in low-andmoderate static and low dynamic competitive sports only, yet with the
exception of a bicuspid aortic valve
without aortic dilatation, basketball
playing is contraindicated [67].
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Selected Medical Issues
in Basketball: Diabetes, Allergies,
Asthma, and Dermatologic Issues
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71.1

Diabetes Mellitus

• Basketball athletes with type 1 diabetes
mellitus perform at all levels of
competition.
• It is important to check pre-exercise glucose levels to guide play, using the recommended algorithm.
• One must watch for acute hypoglycemia
or late-onset post-exercise hypoglycemia (LOPEH).

71.1.1 Introduction
Diabetes mellitus can impact basketball athletes
at all levels of competition. Even athletes at the
highest level of American professional basketball have competed with this condition. Players
such as Gary Forbes, Chris Dudley, and Adam
Morrison [1, 2] all have played in the National
Basketball Association (NBA) despite their diagnosis of type 1 diabetes mellitus. It is important
to be able to recognize the signs and symptoms
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of this condition and management options in the
basketball athlete.

71.1.2 Epidemiology
Diabetes mellitus (type 1 and 2) is a global phenomenon with a heavy burden of disease. It is
estimated that across the globe in 2015, there
were 415 million adults with diabetes and that
by 2040 this number would rise to 642 million
patients with the disease [3]. Type 2 diabetes mellitus is the predominant subtype among adults,
while type 1 is predominant among pediatric and
adolescent patients. In the United States, type 2
diabetes accounted for 91.2% of diabetes diagnoses in adult patients [4, 5]. Though the incidence
of type 2 diabetes is increasing in pediatric and
adolescent patients, the majority of diabetes in
this age group is still type 1 [6].There is currently
no specific epidemiologic data on the number of
basketball athletes with diabetes mellitus.

71.1.3 Pathophysiology
Diabetes mellitus (DM) is typically divided into
insulin production and insulin usage disorders.
In type 1 diabetes, beta cells of the pancreas are
unable to produce sufficient insulin because they
are destroyed by an autoimmune cause. This
leads to a systemic insulin deficiency causing
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hyperglycemia. Type 2 diabetes usually results
from an insulin resistance at the receptors of the
peripheral cells. This may ultimately lead to a
progressive decline in beta cells’ ability to produce insulin. Differentiating the type of diabetes
mellitus through the use of autoantibody studies
and waist circumference has helped guide management of the condition in adolescent patients
[6]. Additional causes of diabetes such as gestational diabetes, pancreatitis, or drug induced diabetes can all lead to hyperglycemia [4].

71.1.4 Presentation
Hyperglycemia may be identified on routine lab
screening, or a basketball athlete may present
with the symptomatic findings of hyperglycemia. Most commonly a patient with hyperglycemia presents with polyuria, polydipsia, fatigue,
weight loss, or vision changes [7]. In severe
hyperglycemia, a patient may progress to an acidosis or hyperosmolar state, which can present as
lethargy, abdominal pain, nausea and vomiting,
dehydration, and abnormal breathing (Kussmaul
respirations) [8]. Diabetes mellitus can present as
neurologic (neuropathy) or musculoskeletal complaints, though these generally occur later in the
disease process. Patients with diabetes mellitus
are at an increased risk for conditions like adhesive capsulitis, Dupuytren’s contracture, carpal
tunnel syndrome, and flexor tenosynovitis (trigger finger). In addition, diabetic amyotrophy can
be seen in longer standing disease [9].

71.1.5 Diagnosis
The diagnosis of diabetes mellitus can be confirmed through laboratory testing. There are multiple laboratory tests that can be used to confirm
the diagnosis (see Table 71.1). Fasting glucose
(greater than 8 h fasting) 126 mg/dL (7.0 mmol/L)
or higher is sufficient for the diagnosis. In addition, hemoglobin A1c greater than 6.5% can be
used for diagnosis. In any patient with symptoms
of hyperglycemia and random plasma glucose of
over 200 mg/dL, a diagnosis of diabetes can be
made. Finally, a 2-h oral glucose tolerance test

C. M. Miles and L. Lintner
Table 71.1 Criteria for diagnosis of diabetes (any one of
the following is sufficient for diagnosis)
In a patient with symptoms of hyperglycemia, a
random plasma glucose ≥200 mg/dL (11.1 mmol/L)
FPG ≥126 mg/dL (7.0 mmol/L). Fasting defined as no
caloric intake for at least 8 ha
2 h plasma glucose ≥200 mg/dL (11.1 mmol/L)
during an OGTT The test should have a glucose load
containing the equivalent of 75 g anhydrous glucose
dissolved in watera
A1c ≥6.5%a
Adapted from Ref. 7
FPG fasting plasma glucose, OGTT oral glucose tolerance test
a
Confirmatory testing may be needed for patients without
unequivocal hyperglycemia

that demonstrates plasma glucose above 200 mg/
dL (11.1 mmol/L) is considered positive for diabetes mellitus [7] (Table 71.1).

71.1.6 Evaluation and Treatment
Exercise is an important component of glucose
regulation in both type 1 and type 2 DM as skeletal muscle is critical to control plasma glucose
levels. Skeletal muscle serves as the main site of
glucose utilization during insulin-simulated conditions. Basketball is considered a high-intensity
exercise and basketball athletes use a combination of aerobic and anaerobic energy systems to
fuel the muscles. Glucose, derived from either
muscle or hepatic gluconeogenesis, is required
for the high-intensity exertion [10, 11].
Current recommendations for the management of basketball athletes with DM include
pre-participation blood glucose testing. If blood
glucose readings are between 100 and 250 mg/
dL, it is generally safe to initiate exercise.
Many athletes strive for pre-exercise glucose of
180 mg/dL. Blood glucose should be monitored
closely during exercise by checking levels every
30 min or if any symptoms of hypoglycemia
exist. Signs of hypoglycemia such as hunger,
anxiety, sweating, tremor, palpitations, or feeling
of impending doom [10] may be hard to identify
as they may mimic normal response to increased
exercise [10]. Advanced symptoms of weakness
or fatigue, speech changes, lack of coordination,
vision changes, odd behavior or confusion may
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be the first signs that are recognized by the athlete, teammates, or medical staff [10].
For athletes with pre-exertion blood glucose levels above 250 mg/dL, urine should be
screened for the presence of ketones. If ketones
are absent, it is generally safe to participate, even
if the blood glucose is above 300 mg/dL, extra
caution should be used, including glucose monitoring every 15 min [10, 11]. If ketones are present in the urine, exercise should be avoided and
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increased hydration should ensue. Once ketosis
is resolved, exercise can be initiated, but close
monitoring of both glucose and ketones is important [11]. See Fig. 71.1 for pre-exercise glucose
testing algorithm.
The mainstay of treatment for type 1 DM is
exogenous insulin. There are several different
insulin types and delivery methods that basketball athletes may use. Table 71.2 lists insulin
types and their general length of action. Adjusting

Pre Exercise Glucose Test

<100 mg/dL

Defer exercise, ingest
minimum 30 grams
carbohydrate
and retest in 15 minutes

100-250 mg/dL

>250 mg/dL

Proceed with exercise, recheck
glucose every 30 minutes or if any
symptoms of hypoglycemia

Check urine
for ketones

If negative proceed
with exercise, check
glucose every 15-30
minutes

If positive, defer exercise,
hydrate, consider insulin,
recheck ketones in
15-30 minutes.

Fig. 71.1 Pre-exercise testing and intervention algorithm
Table 71.2 Insulin types and their general length of action
Insulin type
Ultra-rapid (faster aspart)
Rapid acting (aspart, glulisine, lispro)
Short acting (regular)
Intermediate acting (NPH)
Long acting
 Detemir
 Glargine
 Glargine U300
 Degludec
Mix insulin (dual action) (lispro protamine/
lispro, aspart protamine/aspartate, NPH/
regular)

Approximate onset of
action (h)
<0.1–0.2
0.15–0.35
0.5–1
2–4
2–4
2–4
2–6
0.5–1.5

Approximate peak of
action (h)
1–3
1–3
2–4
4–10
4–7
Varies (minimal peak)
Varies (minimal peak)
Varies (minimal peak)

Approximate
duration of action (h)
3–5
3–5
5–8
10–24
12–24
22–24
30–36
>42

0.15–1 (varies on
individual ingredient)

1–10 (varies on
individual ingredient)

10–24 h
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insulin doses, both basal and bolus, is important
to offset changes in exertion throughout the season. These alterations must be individualized for
each athlete, but a decrease of 30–50% of the
short acting with the meal preceding completion
may be needed. The amount of decrease may
also change as an athlete’s fitness changes [11].
A key component of insulin administration in the
basketball athlete is the location of the injection.
It is important to avoid injecting insulin into the
site of exercising muscles or overlying subcutaneous tissue as there may be increased absorption leading to a risk of hypoglycemia [10]. In
the basketball athlete, that would mean avoiding injection into the legs or arms, preferentially
using the abdomen or low back. Some athletes
prefer to use insulin pumps for their DM management. The technology for pumps and continuous
glucose monitoring is rapidly advancing. There
are no specific rules regarding insulin pumps and
continuing monitoring devices, though athletes
often disconnect their pump and use as needed
insulin injections during practice and competition [10].
Exercise, including basketball activities, is the
most important treatment for type 2 DM. Some
athletes may be able to treat their type 2 DM
with diet and exercise alone. For those on oral or
injectable non-insulin medications, a dose reduction of their medication may be needed on days
of intense exercise to help decrease the risk of
hypoglycemia.
Acute hypoglycemia and late-onset post-
exercise hypoglycemia (LOPEH) are specific
and real risks for basketball athletes with diabetes. LOPEH can present 6–12 h (and up to 28 h)
after the completion of sport or exercise. LOPEH
occurs because of both increased serum glucose
utilization to replenish liver and muscle glycogen stores and due to increased insulin sensitivity [11]. This phenomenon can be dangerous if it
occurs while the athlete is sleeping. This condition can be associated with seizures, arrhythmias,
and even death [10]. Post-exercise calorie intake
is important to prevent hypoglycemia. Combining
carbohydrates with fat and protein can help prevent LOPEH [11]. Treating hypoglycemia early
is important to prevent an emergency situation.

If an athlete should become unresponsive due to
hypoglycemia, the use of parenteral glucagon or
intravenous dextrose should be employed [10].
Any athletic trainer or team physician caring for
a basketball athlete who uses exogenous insulin should have access to these potentially life-
saving medications.

71.1.7 Conclusion
The burden of diabetes across the globe is
increasing, and basketball athletes are at risk for
the condition. It is important that the diabetic athlete and the healthcare providers for the athlete
understand the individualized response to exertion and nutrition. Knowing the pre-exertion glucose levels and warning signs for hypoglycemia
is key to preventing dangerous situations.

71.2

Allergies

• Up to 50% of high-level athletes are
sensitive to inhalant allergens.
• Food allergies and exercise-induced
anaphylaxis are less common, but providers must be aware of the potential for
these conditions.
• Avoid exposures is the most important
treatment, but several medications are
available to treat the symptoms of allergen exposure.

71.2.1 Introduction
Basketball athletes are susceptible to the same
potential for exposure to allergens as the general public. With the addition of travel for
sport, basketball athletes may be exposed to
more or different allergens than those who
have less frequent travel. The symptoms that
go along with allergen exposure may adversely
impact the basketball athlete’s ability to perform their tasks.
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71.2.2 Epidemiology
Allergic responses are fairly common in the
general population. Up to 30% of individuals in
Europe and the United States suffer from allergic
rhinitis [12]. Studies of Olympic athletes have
shown rates of positive skin prick testing as high
as 41% [13]. Another study of Olympic athletes
showed that as many as 49% had sensitization
to inhalant allergens and that allergies to food,
drugs, and venom were also present in approximately 7%, 5%, and 2%, respectively [14].

71.2.3 Pathophysiology
Though there are several mechanism that can
lead to an allergic response, the most common
is immunoglobulin E (IgE)-mediated histamine
and leukotriene release from mast cells and basophiles. There are early and late phase components
of an allergic response, each of which can impact
a basketball athlete’s well-being [15]. More severe
allergic reactions can lead to anaphylaxis through
similar IgE-mediated release of histamine, though
IgE-independent anaphylaxis also exists [16].

71.2.4 Presentation
The presentation of someone with an allergic
reaction depends on the type of allergy. The most
common allergy presentation is allergic rhinitis.
This presents as nasal congestion, runny nose, and
possibly ocular involvement. It may present however as decreased energy, breathing abnormalities,
or poor athletic performance [13]. This may also
lead to breathing disturbances such as asthma (discussed elsewhere in this chapter) and other allergic symptoms such as itching, flushing, or cough.
Severe allergic reactions can lead to an athlete
having angioedema, stridor, hypotension, cardiac
manifestations, or gastrointestinal symptoms, all of
which are possible symptoms of anaphylaxis [16].

71.2.5 Diagnosis
A validated screening tool for allergies in athletes
was developed and called the AQUA: Allergy
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Questionnaire for Athletes. This tool was found
to be highly specific in the athletic population
and is available in at least ten European languages [17]. This questionnaire can be used to
screen basketball athletes for allergens that may
impact their play. The investigation of allergic
rhinitis may involve a nasal allergen provocation
test. If this is positive, the gold standard skin
prick test or a serum-specific IgE test can be used
to confirm a diagnosis. A subset of allergic rhinitis may be diagnosed with nasal-specific IgE
or with a basophil activation test [12]. For other
(non-rhinitis) allergic conditions, skin prick testing or blood testing for specific IgE is the test of
choice [18].

71.2.6 Treatment Options
The most important intervention for the treatment of allergic reactions in basketball athletes
is avoidance of triggers. This can be exceedingly challenging with travel, the multiple
venues that athletes may play or practice in,
and the ubiquity of allergens in the environment. Knowing what triggers an athlete helps
guide the practice of avoidance. If avoiding
these triggers is insufficient for symptom control, then medications are needed and available [13]. Medications that target the various
physiologic pathways are available. Table 71.3
describes classes of medication available. In

Table 71.3 Medication options for allergies and allergic
reactions
Class
Anti-histamine
Decongestant
Anticholinergics
Leukotriene
inhibitors
Mast cell stabilizers
Corticosteroid
Allergen
immunotherapy
Epinephrine

Delivery
routes
PO, IN, Opt
PO, IN
IN
PO

WADA
regulations
Permitted
Varies, some
need TUE
Permitted
Permitted

IN, Opt, PO
PO, IN, IV,
IM, Opt
PO, IM, SC

Permitted
Requires TUE

IM

Requires TUE

Permitted

C. M. Miles and L. Lintner
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the case of allergic rhinitis, decongestants may 71.3 Asthma
be used. In addition, local and systemic steroid
may be used if symptoms are severe enough.
Prescribers should be aware that systemic ste• Exercise-induced bronchospasm is a
roids and some decongestants are found on
common condition in athletes both with
the therapeutic use exemption (TUE) list for
and without asthma.
the World Anti-doping Agency (WADA) [13].
• It is important to mitigate environmental
Providers should review league-specific TUE
triggers as well as utilize proper pharlists. If a basketball athlete has an anaphylaxis-
macological tools to treat EIB.
inducing allergy, it is important that epi• Inhaled short-acting beta agonist is the
nephrine be available for administration if an
standard treatment for EIB, but once
exposure occurs.
daily use is necessary, then Inhaled corticosteroid is preferred.

71.2.7 Special Circumstances
Food allergies seem to be increasing in prevalence, and since they are seen in people of all
ages, ethnicities and heritages, food allergies
are likely to be seen in some basketball athletes
[19]. This may be a challenge due to travel and
the inconsistent dining options. It is important for the basketball athlete to be aware of
ingredients in order to avoid exposure to allergens. Desensitization and food oral immunotherapy are treatment options to decrease the
body’s response to allergens and allow for
consumption of foods [19]. Consultation with
an allergy specialist is recommended if this is
considered.
Exercise-induced anaphylaxis (EIAn) is a rare
condition that results in an anaphylactic reaction as a result of exertion. This can present after
years of previous exertion with no symptoms.
A subtype of EIAn is food-dependent exercise-
induced anaphylaxis (FDEIAn), which occurs
when an athlete exerts within hours of eating.
The diagnosis of EIAn is usually made clinically
and after ruling out conditions such as mastocytosis. An exercise challenge test may be used to
assist in diagnosis. Given the potential danger
with this condition, athletes with a history of this
should have access to epinephrine and should
have a detailed action plan when resuming exercise [20].

71.3.1 Introduction
Shortness of breath, wheezing, and cough are
commonly experienced during exercise. Among
athletes who suffer from these conditions, it is
important to distinguish when the symptoms meet
pathologic criteria. Asthma includes several phenotypical disorders that share a common pathway
characterized by airway inflammation, bronchial
hyperactivity, and reversible bronchoconstriction
[21]. In this chapter, we are going to focus on
the transient airway narrowing that occurs as a
result of exercise, termed exercise-induced bronchoconstriction (EIB). This has most recently
been delineated into EIB with asthma (EIBA),
referring to exercise-induced bronchoconstriction with clinical symptoms of asthma and EIB
without asthma (EIBwa), referring to acute bronchoconstriction without asthmatic changes in the
airway [22].

71.3.2 Etiology
The etiology of EIB has not been established
with certainty but is thought to relate to airway
cooling and airway dehydration resulting in augmented osmolarity of the airway-lining fluid [23].
Mediators are released from airway inflamma-
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tory cells, which lead to smooth-muscle contraction and airway edema [24]. It is also thought that
mechanical and osmotic stress over time can lead
to remodeling, therefore putting even the welltrained athlete at risk for EIB. Environmental factors such as air temperature, moisture, and quality
play a role in the incidence of EIB. Nordic and
ice rink athletes have the highest prevalence of
asthma due to the cold, dry air, and emission of
pollutants from ice resurfacing machines. When
basketball teams share facilities with ice hockey,
the players would likely be exposed to similar
elements.

71.3.3 Prevalence
The prevalence of EIB in the general population
ranges from 5% to 20% and has been reported in
up to 90% of those with a current diagnosis of
asthma (EIBA). EIB is more likely to occur in
those whose asthma is severe and uncontrolled,
those with recent respiratory infections, and
those with allergic rhinitis [25]. The prevalence
of EIB in athletes has shown to be even greater
at 23–55% [24]. Endurance athletes are the most
likely to experience EIB. However, a study done
through the Temple Sports Asthma Research
Program looked at asthma deaths over the course
of 7 years, and the results showed basketball and
track to be the two most frequent activities performed at the time of fatal event [26].

71.3.4 Clinical Presentation
Athletes with EIB often report wheeze, cough,
dyspnea, chest tightness, and fatigue with exercise. Symptoms are worse 5–30 min after initiating exercise and will often resolve 30–60 min
after stopping exercise. These symptoms can also
occur with other conditions such as exercise-
induced laryngeal obstruction (EILO), cardiovascular causes, and anxiety. It is important to
differentiate these diagnoses as many not only
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have a negative effect on performance but can
also be life-threatening.

71.3.5 Diagnosis
When an athlete shows signs of EIBwA or
EIBA, the diagnosis can be confirmed with bronchial provocation tests (BPT). BPTs use either
a direct method (a nebulized drug to stimulate
smooth muscle) or an indirect method (attempts
to dehydrate the mucosa) to cause a bronchial
challenge. Spirometry is measured at baseline
and then typically at 5, 10, 15, and 20 min after
the stimulus. A drop in the forced expiratory
volume in 1 s (FEV1) of >10–15% with associated dyspnea is considered diagnostic for EIB
[27]. The preferred methods for diagnosing EIB
include exercise, inhaled mannitol, and eucapnic
voluntary hyperpnoea (EVH). If an athlete tests
negative, but there is a high suspicion of EIB,
it is most appropriate to repeat or administer an
alternative test [28]. Figure 71.2 shows a suggested algorithm for evaluation of symptomatic
athletes. Studies have shown that patient report
of symptoms alone is not accurate to diagnose
EIB. Though it is a common practice to attempt a
trial of B-adrenergic agonist for improvement of
symptoms during exercise, this is not acceptable
for the diagnosis of EIBA or EIBwA to obtain a
therapeutic use exemption (TUE) in national and
international competitions [21]. If the BPTs are
negative, it is important to consider other possible diagnoses through cardiovascular testing or
continuous laryngeal endoscopy.

71.3.6 Management
The management of EIB highlights the variability of the condition. It is important to consider
each individual, their triggers, severity of disease,
and chronic management. When treating EIB, it
is necessary to first assess the severity of the condition. If the player has signs and symptoms of a
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Fig. 71.2 Suggested
diagnosis pathway of
asthma or EIB in an
athlete

Symptoms of dyspnea, cough,
wheezing, chest tightness with
excercise

YES
Bronchial Provocation Test positive
Ideally field excercise test OR EVH.

Asthma or Exercise-induced
bronchoconstriction confirmed

NO

Repeat test with more intense
exposure.
Consider another condition.
(EILO, cardiovascular, etc)

moderate to severe asthma exacerbation or acute
hyperreactive airway, then an emergency action
plan should be implemented to transport them to
the nearest hospital. If the athlete is experiencing
or is known to experience EIB with mild symptoms, then it is important to utilize both non-
pharmacologic and pharmacologic measures.
One of the most important steps in preventing
EIB is a warm up. There have been studies on
varied warm-up styles, and though the evidence
on specifics is inconclusive, there is typically a
1–3 h refractory period after a 15 min warm-up.
During this time, the airways respond with relatively normal reactivity [29]. When considering
environmental triggers, it is best to keep the air
warm, moist, and void of pollutants as much as
possible. Some current areas of research include
the use of fish oil and vitamins to limit airway
hyperreactivity, but currently, there is no strong
evidence for their use [24]. Many pharmacological approaches can be used in treating EIB. The
key to prevention of EIBA in the asthmatic population is to maintain control of their asthma utilizing the most recent guidelines [30]. The most
commonly used medication to treat EIB is an
inhaled short-acting B2-agonist (SABA) taken
20–30 min prior to activity. However, with frequent use, SABAs have decreasing effectiveness.
Once a daily medication is required for management, it is best to use an inhaled glucocorticoid.
Leukotriene-receptor antagonists are also an

option for maintenance treatment. If symptoms
remain uncontrolled, an inhaled long-acting beta-
agonist is the next step [24]. If an athlete is requiring these medications for EIB, then it is likely
that he or she has uncontrolled asthma. A major
consideration in treating elite basketball players
with these medications is World Anti-
Doping
Agency compliance. Currently, all B2-agonists
are prohibited except salbutamol, formeterol, and
salmeterol in limited doses and in accordance
with the relevant section of the international standard for therapeutic use exemption (TUE) [31].
Ultimately, it is best for each player who has
known EIBwA or EIBA to have an action plan
in place and the appropriate rescue medications
close at hand to maintain respiratory control.

71.4

Dermatologic Issues

• Basketball players are susceptible to
infectious as well as traumatic skin
conditions.
• It is important to treat CA-MRSA concerning skin conditions with drainage
and appropriate antibiotics as indicated.
• Consider further investigation into sanitizing procedures for basketball shoes
and equipment to prevent colonization.
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71.4.1 Introduction
There are multiple dermatologic issues to consider when evaluating and caring for a basketball
player. Since basketball is a contact sport, it is
important to be aware of infectious skin conditions. This includes not only the bacterial skin
infections but also the fungal infections. The
quick start-stop action on the basketball court
predisposes its players to traumatic skin conditions. Finally, though less common, the equipment worn in basketball has the potential to cause
skin issues. This section will address a variety
of skin conditions as they are considered in the
above categories.

71.4.2 Infectious Skin Conditions
When evaluating bacterial skin infections in athletes, it is important to consider the causative
organism. The most common infectious agents
are Staphylococcus aureus and group A streptococcus (GAS) [32]. However, athletes are at high
risk for community-acquired methicillin-resistant
Staphylococcus aureus (CA-MRSA) due to their
close contact and sharing of equipment. A systematic review done by Karanika et al. showed
that 6% of asymptomatic athletes were colonized
with MRSA. Colonization with MRSA means
that a person carries the bacteria, and it has been
shown that a carrier has a sevenfold increase in
incidence of MRSA infection. Among collegiate
athletes, basketball was in the top 3 sports for
MRSA colonized athletes [33]. If there is concern for a bacterial skin infection, it is ideal to
obtain a culture and sensitivity in order to direct
antibiotic selection when necessary. However, if
there is no access to obtain this objective information, a clinical judgment based on severity of
infection and likelihood of contact could direct
treatment toward CA-MRSA coverage. A furuncle, or abscess, is a common skin condition in
athletes (Picture 71.1). This often presents with
the athlete complaining of a pimple that is painful, enlarging, and possibly draining. The treatment for this condition is drainage, so if warm
compresses have not provided adequate drain-

Picture 71.1 Furuncle [34]

age, then a physician must lance it. Antibiotics
are necessary if there is surrounding induration
and erythema concerning for cellulitis, the athlete
is immunocompromised, or the location of the
furuncle is in a concerning area such as the face.
If a culture is obtained and CA-MRSA is a concern, then the antibiotics should provide adequate
coverage. At this time, there is no specific decontamination protocol for the athlete or equipment
other than to wash equipment separately from the
rest of the teams [21]. Contact should be avoided
with other players and equipment. The athlete can
return to play when the lesion is dry with no discharge [35]. Fungal infections are most common
in areas of friction leading to a warm, moist environment. Basketball players are at certain risk
for these given the often-daily workouts, shared
locker room, and shower equipment. Tinea can
occur in a variety of locations. It is the medical
term used to describe these infections caused by
dermatophytes. It can occur in a variety of locations such as on the scalp (tinea capitis), on the
body (tinea corporis), in the groin (tinea cruris),
or on the feet [32]. Tinea pedis, or athlete’s foot,
is commonly seen in basketball players and presents with gradual onset of pain, itch, and rash on
the feet (Picture 71.2). The evaluation will reveal
erythematous, scaling eruptions on the plantar
surface of the foot and between the toes. Skin
KOH scrapings or fungal cultures can be used to
diagnose the condition, but clinical presentation
is often enough to reach a diagnosis. The treatment is typically topical with butenafine or terbinafine. These preparations must be used twice
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studied treatment is with topical antibiotics such
as clindamycin and mupirocin [37]. Ultimately it
is most important to keep the feet clean and dry.
Athletes may return to play without risk of infecting others.

71.4.3 Traumatic Skin Conditions

Picture 71.2 Tinea Pedis [34]

Picture 71.3 Pitted Keratolysis [34]

daily for, typically, 3 weeks or until 1 week after
the rash has resolved [16]. It is important to keep
footwear clean and dry. Though there is no standard recommendation for footwear sanitization,
a study was done with the 2012 Sana Men’s basketball team by Messina et al. which showed a
sanitizing process of the players’ shoes significantly reduced bacterial presence [36].
Pitted keratolysis (PK) is a bacterial infection
of the stratum corneum on the plantar surface of
the foot (Picture 71.3). This is typically caused
by a gram-positive organism [37]. This condition
presents with foul-smelling feet and depressions
on the sole of the foot that has been present for
months to years. There has yet to be good evidence for a treatment regimen. Topical treatment
with 20% aluminum chloride or benzoyl peroxide
twice daily may be useful [35]. The most widely

It is no surprise that basketball players can experience traumatic injury to the skin of their feet.
Yan Cong et al. looked at the in-shoe tri-axial
stress profiles during maximum effort cutting
maneuvers. Their results showed increased stress
from cutting and shuffling to occur over the first
and second metatarsal heads. This information
could be utilized to help appropriate cushioning
mechanisms in basketball footwear [38].
Piezogenic pedal papules are small herniation of subcutaneous tissue into the mediolateral
surface of the midfoot (Picture 71.4). These can
occur because of increased pressure and shifting
on the foot. These dome-shaped papules appear
when pressure is applied to the sole of the foot.
They can be asymptomatic or painful enough to
preclude activity. Treatment consists of behavioral medication such as limited pressure on
the feet, orthotics, compression socks, and heel
cups. Intralesional steroid injections and surgical
resection are treatment options for recalcitrant
cases [40, 41].
Talon noir, or black heel, is caused by petechial on the heel from lateral shearing forces of

Picture 71.4 Piezogenic Pedal Papule [39]
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quick starting and stopping. These small hemorrhages are typically not painful. They can resemble acral melanoma, so this should be considered
in the differential diagnosis and may be ruled out
with dermatoscopic evaluation. Treatment for
this ‘black dot syndrome’ is to ensure properly
fitted shoes and use of heel pads or a thick sock.
The athlete can return to play without restriction
[35, 41].
Blisters are very common in basketball players due to the shearing forces on the feet. These
blisters will often present as painful, fluid-filled
bullae formed at the site of friction. If not cared
for properly, blisters run a risk of becoming
infected, leading to a more serious issue. There
is some evidence to drain the blister in a sterile
manner, leaving the roof of the blister in place
as this may reduce the risk of infection as well
as provide the most relief for the athlete. There
are multiple remedies to assist in treatment of
blisters including protective socks, Vaseline, and
mole skin. Antibiotic ointment should only be
used if the lesion is open [35, 42].

Take Home Message

Basketball athletes can experience the
same medical issues that impact the general
population. It is important to keep a high
index of suspicion for medical issues if a
player’s wellness or performance should
suffer. An athlete diagnosed with diabetes
mellitus can still participate at a high level
with appropriate pre-exercise screening and
treatment. Basketball athletes with allergies
should avoid offending allergens and, when
unable to do so, can use medications to
decrease symptoms. It is important to consult WADA or local therapeutic use exemption lists when prescribing a medication.
Appropriate testing for and treatment of
asthma and exercise induced bronchospasm
can allow basketball athletes to perform at
their highest level. Finally, early recognition
and treatment of dermatologic conditions
can allow basketball athletes to continue
without missing time from their sport.
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72.1

Introduction

It is well accepted that practice and training are necessary for proficiency in sport just like in other activities such as music. The 10,000 hour threshold that
was found in a study of musicians is a number
that often gets applied to athletes, but we really do
not know that the same amount of training is necessary for sports. So, if some training is necessary but
too much training can lead to injury, then what we
really need to know is how much training is sufficient without putting young athletes at risk for injury.

72.2

Load

In physiologic terms, the internal load is defined
as the body’s response to an external load that
is applied to it [1]. External load can be broken
down into multiple components including sets,
repetitions, resistance, speed, range of motion,
rest, and frequency [2]. A progression of loads
refers to increasing external loads in order to
A. Gregory (*)
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increase internal loads, which then leads to
adaptions [3]. Three common strategies used to
increase external load are increasing volume,
intensity, and/or density. Complexity has
recently been introduced and used as an additional strategy to increase external load [4].

72.3

Overload

The term overload has multiple meanings in
sports medicine. In terms of physical training,
overload refers to the progression of external
loads to obtain the wanted adaptation and so is
considered an important part of training. However,
in sports medicine it also refers to a condition of
too much training that can lead to overuse injury,
overtraining syndrome, and burnout.
Overuse injuries refer to injuries that occur
gradually over time as a result of the body not
being able to withstand the repetitive stress of
training. About 50% of all injuries in young athletes are overuse injuries. The real challenge is
trying to determine how much stress the body can
withstand without sustaining injury. There are
overuse injuries that are common in adult basketball players such as tendinopathy and those that
are unique to young basketball players such as
apophysitis. Theoretically, all overuse injuries
could be prevented by avoiding overload.
Overtraining syndrome is a vague condition
that can occur when intense training leads to a
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prolonged performance decrement as well as
severe physiologic and neuroendocrine symptoms [5]. Overtraining syndrome can occur in
young athletes just like adults but is even more
challenging to diagnose. The exact pathophysiology of overtraining syndrome is unknown and
should be considered a diagnosis of exclusion.
Burnout refers to when the athlete stops participating in a previously enjoyable activity because
of chronic stress and lack of enjoyment [6].

Table 72.1 Practical recommendations for prevention of
overuse injuries in young basketball players

72.4

younger the age that an athlete specializes
will increase the exposure to the training specific to that sport and excludeother types
of training that may be protective. Certain
sports like gymnastics, ice skating, swimming,
and diving may require athletes to specialize
early for success, but most experts recommend
waiting to specialize until puberty [10]. Others
have recommended limiting the hours of training per week to less than the age of the athlete
and not more than 16 h, i.e., a 12-year-old
should practice less than 12 h per week [11].
There are no specific training limit recommendations for youth basketball like there are pitch
counts for youth baseball however some basic
limitations can be recommended (Table 72.1).
Jump counts can be monitored and should be
studied in this population.

Recovery

Recovery is the time and process after a
given load in which the body responds to that
load. Inadequate recovery does not allow the
body the time to adapt to the load and can result
in impaired performance, injury, and illness [7].
Important parts of recovery include treatment of
muscle soreness, rest, hydration, nutrition, and
sleep. Adequate recovery is important for all
athletes, but young athletes may require more,
like sleep for instance, than their adult counterparts. Children of 6–12 years of age should
sleep 9–12 h per 24 h, and teenagers of
13–18 years of age should sleep 8–10 h per 24 h
on a regular basis to promote optimal health [8].

Do not specialize until puberty
Limit number of hours/week to less than age and not
more than 16 h
Take 1 day off per week
Take 2 months off per year
Do not play on multiple teams at the same time
Do not do extra training after practice/games
Monitor training workload
Stop training if pain develops and seek medical
attention

Fact Box 1

Younger basketball players need more
sleep than older ones.

72.5

Specialization

Clinicians have long suspected that early specialization puts young athletes at risk for overuse injuries, overtraining, and burnout.
Evidence now exists to support that assertion
although it has yet to be studied in the sports
of basketball [9]. Specialization refers to the
concept of focusing intensely on a single sport
year-round at the exclusion of others. The

Fact Box 2

Early specialization is not necessary for
success in basketball and may increase risk
for overuse injury.

72.6

 veruse Injuries Unique
O
to Young Athletes

Because of the presence of growth plates,
young athletes are at risk for different overuse
injuries than adults. Where patellar tendinopathy is a common problem in adult basketball

72 Is Overload an Issue in Young Basketball Players?

921

Table 72.2 Common sites for apophysitis in young basketball players
Yet Unnamed disease
Pelvic rim (iliac crest,
anterior-superior, or inferior
iliac spine), ischial
tuberosity
Patella (superior or inferior) Sinding–Larsen–
Johansson's disease
Tibial tubercle
Osgood–Schlatter’s
disease
Calcaneus
Sever’s disease
Fifth metatarsal
Iselin’s disease

players, tibial tubercle apophysitis (Osgood–
Schlatter’s disease) is more common in young
basketball players. The growth plates are at
risk for injury as they are made of cartilage
which is weaker in strength than the bone or
tendon. Common sites for apophysitis in young
basketball players include the pelvic rim, the
superior or inferior pole of the patella, the tibial tubercle, the calcaneus, and the fifth metatarsal (Table 72.2).

Picture 72.1 Lateral X-ray: Multiple tibial tubercle ossicles with closed physes

Fact Box 3

Young basketball players are at risk for
unique injuries like apophysitis that older
ones are not.

Apophysitis is usually treatable using conservative measures including ice, ant-inflammatory
medications, stretches, braces or pads, and relative rest. However, some cases can be severe and
significantly limit participation. Once the apophyses fuse at skeletal maturity, the problem usually resolves completely. There does not seem to
be an association between apophysitis and avulsion fractures, but there is an association with
unfused ossicles that can continue to be symptomatic at skeletal maturity. If the ossicle is
symptomatic, then surgical excision is often
required for symptom resolution (Picture 72.1:
tibial tubercle ossicles).

Other injuries unique to young athletes include
osteochondritis dessicans, discoid lateral meniscus, tarsal coalition, Os naviculare, spondylolysis, and spondylolisthesis (Pictures 72.2, 72.3,
72.4, 72.5, and 72.6). Several of these conditions
were reviewed previously in Chap. 63. None of
the conditions are specific to basketball but
because of the running and jumping involved
may become symptomatic. It is important to be
aware of these conditions when treating young
athletes as if left untreated can lead to chronic
problems such as pain, arthritis or degenerative
disc disease.

Fact Box 4

Early detection and proper treatment of overuse injuries can prevent chronic problems.

A. Gregory
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Picture 72.2 Lateral
X-ray—osteochondritis
dissecans of the lateral
femoral condyle

Picture 72.3 Sagittal
meniscus

T1

MRI—discoid

lateral

Picture 72.4 Oblique
navicular) coalition

X-ray—tarsal

(calcaneo-
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72.7

 hen do Overuse Injuries
W
in Adults Start?

Some overuse injuries that occur in adults may get
their start in adolescence. Patellar tendinopathy or
jumper’s knee may be arguable the most common
overuse injury in basketball players. Tendinopathy
is a degenerative process that appears to begin as
early as adolescence. Mersmann studied the patellar tendons of 16 adolescent elite basketball athletes (14–15 years of age) to determine the
mechanical properties with magnetic resonance
and ultrasound imaging. There was a significant
inverse relationship between tendon strain and
peak spatial frequency (PSF) in the proximal tendon region (r = −0.652, p = 0.006), indicating
locally disorganized collagen fascicles in tendons
that are subjected to high strain [12].

72.8

Picture 72.5 AP X-ray—Os naviculare (accessory
navicular) with closed physes

We do have some guidance on what amount and
type of training works for this specific population.
Santos studied the effects of a 10-week resistance
training program on explosive strength development
in 25 young basketball players aged 14–15 years
old. They showed an increased vertical jump and
medicine ball throw performance compared with the
control group [13]. Asadi studied 16 young basketball players who performed periodized (from 117 to
183 jumps per session) plyometric training for 8
weeks. They showed improved vertical jump (effect
size [ES] 2.8), broad jump (ES = 2.4), agility T-test
(ES = 2.2), Illinois agility test (ES = 1.4), maximal
strength (ES = 1.8), and 60-m sprint (ES = 1.6)
(P < 0.05) compared to the control group [14].

72.9

Picture
72.6 MRI—pars
(spondylolisthesis)

stress

fracture

 raining in Young Basketball
T
Players

Summary

It seems apparent that overload issues in young
Basketball players maybe even more problematic than
in adult basketball players. They are at risk for unique
injuries like apophysitis that adults are not. If these
injuries are unrecognized or left untreated, they can
led to chronic problems. Burnout is another significant concern in this younger age group.

A. Gregory
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Take Home Message

Load monitoring, setting training limits,
ensuring recovery, and seeking appropriate
medical attention when indicated are all
important measures for injury prevention
in this young population.

8.

9.
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73.1

Introduction

So far doping has not been a major issue in basketball. Endurance sports such as cross-country
skiing, or cycling have been influenced tremendously by doping and the artificial improvement
of physical performance. Since the 1980s, FIBA
(Fédération International de Basketball) has
regularly and in increasing numbers performed
doping controls at its championships. FIBA has
signed the WADA (World Anti-Doping Code)
in 2004 and is strongly committed to the fight
against doping in basketball. Between 2010
and 2016 FIBA organized more than 500 tests
in competition with an average of 60 out-ofcompetition doping positives per year leading
to 49 anti-doping rule violations resulting from
adverse analytical findings [1].
The anti-doping database registered 135 doping cases in basketball until 2018. Most of the
cases involved substances classified as cannabi-
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noids. There is an increase of positive controls
due to supplements [2].
Positive testing for performance-enhancing
doping is rare in basketball. Suspicious activity of certain teams before and during competitions as well as positive cases involving steroids
(anabolic agents) and amphetamines suggest
putting basketball under continuous anti-doping
surveillance.

73.2

Effects of Doping
in Basketball

As in other ball sports, basketball is a very complex entity with several types of movement categories. On the field the player has moderate to
high demands on intermittent endurance running
capacity [3]. Even though the physical demands
differ between positions, the sport itself is highly
demanding on the players’ constitution. With at
least 82 games per season as a player of an NBA
competitor, the performance-enhancing effects
of amphetamines and anabolic substances could
be tempting. Complex skills such as the ability
to jump high to get the rebound or score a basket, to react quickly to different game settings,
or just to be a good team player are difficult to
manipulate with doping. Teams that have taller
players with higher fat-free mass are more successful. Physical recovery as well as increase of
fat-free muscle mass can be achieved with the use
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of anabolic substances such as steroid hormones
and growth hormones. Amphetamine-like substances could be used to raise the alertness of the
player and improve performance by helping the
player assess match play situations and overcome
fatigue [4].

73.3

Testing the Basketball Player

Professional basketball players in Europe are
tested randomly. The current anti-doping regulations of the FIBA are implemented and supervised by the FIBA Anti-Doping Unit. They fulfill
the WADA code. The players are part of two different test pools: members of a national team and
players of the national leagues/European leagues.
National team players are within the registered
test pool. Those athletes have to reveal where
they will be reachable between 6 in the morning
and 11 at night for the upcoming 3 months. The
so-called whereabout program is criticized by
the players because it highly interacts with their
privacy. If a player is not available for testing at
the previewed location, it is a doping offense.
Three missed tests are classified as a positive test
result, and the player is withdrawn from practice and competition, which has happened in the
past to national team players. The Adams app
should make it more comfortable for the test pool
athletes to inform the NADA about changes in
their schedule. There are no specific regulations
for competitions on how many players per team
have to be tested. The FIBA regulations are quite
broad. Also there is no certain time to take urine
or blood samples.
The professional basketball league in
Germany (easyCredit BBL) implemented for the
upcoming 2019/2020 season that every player
of each team has to be tested at least once for
performance-enhancing drugs per season. Other
than that the National Anti-Doping Agency
(NADA) test on an irregular basis. Usually, eight
players of two teams are tested right after competition per game day.
Players of the National Basketball
Association (NBA), which is considered to be

the best league in the world, do not face random testing once they have completed their
rookie year. The players are only tested once
per season during their 1-month training camp.
Besides that the test policy also used to fail to
cover a vast number of drugs such as human
growth hormone or EPO. The NBA keeps much
of their testing program confidential out of concern about their members’ privacy. Compared to
other sports, the NBA seems to be very timid
with its testing policy.
Anabolic substances aimed at increasing
power and muscle mass, and improving recovery
will most likely be used in preparation of major
events since they can be detected for a prolonged
time in urine samples. Substances such as growth
hormones have a shorter detection window. Antidoping experts suggest implementing a testing
scheme with targeted urine tests approximately
2–4 weeks before the start of major competitions.
To cover modern doping substances which are
difficult to detect, additional blood samples are
also being recommended [4].

73.4

 he Athlete Biological
T
Passport

The Athlete Biological Passport is a system
implemented by the WADA directed toward
enhancing the identification of those athletes
accountable for the misuse of performance-
enhancing substances [5]. Doping leaves a biological fingerprint in the athlete’s body. The
Athlete Biological Passport is the paradigm
testing that aims to detect this biological fingerprint [6]. Biomarkers of doping measured
or inferred from blood and urine samples are
used for that purpose, in the same way that
biomarkers of disease are used in medicine
as indicators of the presence or severity of a
disease [7]. The blood passport aims to detect
any modification of erythropoiesis, whether by
blood transfusion or the use of erythropoiesisstimulating agents, such as recombinant erythropoietin [8]. The doping substance itself is not
detected but rather its effects on the organism.
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After exclusion of any possible pathology, specific variation from the individual norms will be
considered as a potential misuse of hormones
or other modulators to enhance performance
[9]. Recently, a new development of the Athlete
Biological Passport has been introduced which
is aimed at detecting the abuse of anabolic hormones which could also be used in basketball
[4]. FIBA has not implemented the Athlete
Biological Passport at the time of this writing
(2019).
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have been reported cases of severe organ damage, in one case ending in kidney transplantation
(http://www.spiegel.de/panorama/leute/ivanklasnic-klage-gegen-werder-bremen-aerzte-vorentscheidung-a-1139873.html). This player later
sued his doctors for giving him the medication.

73.7

Nutrition Supplementation

Many athletes use nutritional supplements such
as creatine, amino acids, or simply vitamins to
support their muscle growth or to recover quicker
73.5 THC/Cannabis
even though the efficacy is not certain [7]. One of
the leading anti-doping biochemists Hans Geyer
Positive doping tests due to the use of cannabis from Cologne, Germany, states that several recent
are a growing problem in the world of basket- studies have shown evidence of some nutritional
ball as more states in the USA are legalizing the supplements containing prohibited anabolic
use of cannabis. This makes recreational use in androgenic steroids, so-called prohormones,
the USA more prevelant since its legalization in which were not declared on the label [3]. Within
many states. This is compared to European pro- the last 2 years, 21 basketball players worldwide
fessional leagues where this has not been a com- have been tested positive for prohibited submon problem. Since cannibis does not enhance stances after the consumption of nutritional supperformance, many question whether it should plements. In the blood and urine sample, there
be tested for at all, especially if it is a legal sub- have been traces of the pro-hormone higenamine,
stance where the player resides.
which has anabolic potential. The positive test
led in all cases to a suspension from practice and
competition. The stimulant higemanine is found
73.6 Misuse of Non-doping Listed
in a variety of plants and is included in many
weight loss and sports supplements [10]. In 2016
Medication
and 2017, it led to 113 adverse analytic findings
Another big issue is the widespread use of non- worldwide for all sports.
listed (not forbidden) general medication. It is
known that many professional athletes including basketball players suffer from chronic or 73.8 Doping Prevention
subacute overuse injuries of their extremities
(shoulder, ankle, etc.) and therefore use pain- The main aspect of prevention of doping is
killers such as non-steroidal anti-inflammatory awareness and knowledge. The athletes need
drugs (NSAIDs) during competition. This is to be aware of prohibited substances. In most
not a direct performance enhancement through European sport leagues, it is mandatory to edutypical doping substances that improve alertness, cate the players. Prevention and education should
body composition, endurance, and power, but start at a young age. Since most positive tests
those drugs can provide an indirect performance have been from cannabinoids, especially the
enhancement. Some players consume those sub- young player has to be aware that lifestyle drugs
stances in high doses which could lead to typical are also prohibited.
side effects including gastrointestinal bleeding,
Similar to nutritional supplements, many
and renal injury or failure in severe cases. There other products or medication can lead to positive
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testing. For instance, consumption of overnight
cold medication (stimulants) and even poppyseed cake (opiates) could already lead to a positive result.
Education on doping should be a team effort.
The personnel in charge of medical teams,
whether at the national or team level, should
be responsible and make efforts to provide
such education or make sure it is provided.
Consequences can often apply to medical personnel and may affect their careers as well as
the players’ careers.
Overall, it is important to note that players are
not required to memorize every single substance
on the prohibited list. They should be aware and
have a responsibility to inquire about any drug/
medication or substance offered to them and also
be aware of the risks in consuming even “innocent” substances as nutritional supplements and
certain foods.
The WADA website (https://wada-ama.org/)
contains further information on rules, regulations, education, and prevention.

73.9

Conclusion

Until now, doping is fortunately not a major
issue in basketball. The use of performanceenhancing substances does not seem to be common. Measures have been taken to beware the
cleanness of the sport. The main focus should
be on prevention through education especially
of the young players. Multi-layer testing should

be established in each federation based on the
WADA code to detect doping offence and to protect the honest athlete.
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74.1

Introduction

The National Basketball Association (NBA) is
the premier basketball league in the world [1, 2]
and in recent years a greater emphasis has been
placed on player safety [3, 4]. In regard to player
safety, there has been increased attention in the
areas of training load [3, 5] as well as schedule
and travel requirements [5]. In an attempt to
reduce the training load and schedule requirements of players, the NBA has modified the
preseason schedule. Prior to 2017, NBA teams
played eight preseason games across 3–4 weeks
in preparation for the regular season [6, 7] Since
the 2017–2018 season, the NBA season has
consisted of four to six preseason games played
across 3–4 weeks followed by an 82-game regular season played across 26 weeks (177 days).
During the regular season, each team plays two
to five games per week (~3.2 games per week),
with games lasting an average duration of 2 h and
15 min. NBA teams rarely practice during the
season, and practices that occur are typically less
than 1 h [1, 2].
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In response to teams resting players during
back-to-back (two games within a 2-day span)
games [8], the league extended the duration of
the regular season by 7 days with the purpose of
scheduling fewer back-to-back games [6]. During
the 2017–2018 season, NBA teams played an
average of 14.4 ± 0.9 back-to-back games, which
was the lowest on record compared to any previous season in the NBA [2]. Furthermore, the
2017–2018 NBA season marked the first season
in NBA history in which no team played four
games in five nights [6]. Despite adjustments to
the NBA schedule, air travel demands remain
high due to the geographical span of teams
across four time zones (eastern, central, mountain, and western). In this regard, NBA players
spend more time above 30,000 ft than athletes
competing in all other team sports in the United
States of America (USA) [7]. Consequently,
air travel requirements are a concern for NBA
coaches, players, and owners, as research has
demonstrated that short-haul flights (e.g., domestic ≤6 h flights) increase injury risk [2, 9–13]
and impede performance [9, 14–20] with more
regular or longer periods of travel (e.g., ≥6 h
international transfers) more likely to result in
negative responses [21, 22]. In this chapter, we
aim to provide a comprehensive summary of scientific evidence about air traveling on five critical aspects: (1) fatigue, (2) athletic performance,
(3) sleep, (4) health and injuries, and (5) mood
state alongside suggestions for future research
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and real-world applications in professional basketball, particularly in the NBA.

74.2

 he Influence of Traveling
T
on Fatigue

74.2.1 Scientific Evidence
Frequent air travel can negatively affect hydration status, nutritional behaviors, sleep quality, and sleep quantity, thus extending the time
for sufficient recovery between games and/or
training in athletes [15]. As a result, air travel
should be considered as an additional stressor
imposed on NBA players in conjunction with
competition and training schedules [15], especially when less than 72 h of rest is experienced
between games [23, 24].
Depending on the magnitude of air travel
exposure, traveling can result into a variety of

negative consequences (Fig. 74.1). One of the
main consequences associated with frequent air
travel exposure is “travel fatigue.” While jet lag
refers to the physiologic adaptations after a single
trip across one or more time zones, travel fatigue
is a more complex summation of physiological
and psychological consequences accumulating
over a longer period of time (e.g., competitive
season) which reduces the player’s ability to
recover and perform [18]. Hence, travel fatigue
is characterized by feelings of disorientation,
light-
headedness, gastrointestinal disruption,
impatience, lack of energy, loss of motivation,
recurrent illness, changes in behavior, and general discomfort following travel across time zones
[13, 18], while jet lag is mainly characterized by
gastrointestinal disturbance such as heartburn,
indigestion, diarrhea, sleep disturbance, intermittent fatigue, loss of appetite, impaired concentration, and disruption of situational awareness [18,
25] (Fig. 74.2).

Fig. 74.1 Characteristics of travel fatigue (chronic) versus jet lag (acute)
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Fig. 74.2 Potential underlying factors and negative consequences of long-distance traveling in NBA basketball
players

The magnitude of travel fatigue depends on
many factors such as regularity, duration, and conditions of travel [13, 26] (Fig. 74.1). Specific causes
of air-related travel fatigue include the following:
• Prolonged exposure to mild hypoxia
[16, 27, 28].
• Difficulties in standing, walking, and moving
around due to limited room inside the air cabin.
• Reduced air quality in the cabin, which may
impair immune function [12].
• Dry cabin air and low hypobaric pressure
potentially causing dehydration [29].
• Prolonged sitting in a cramped position reducing mobility and flexibility [10, 16].
• Disruption of routines (e.g., eating and sleeping) [30].
• Noise of plane and cabin (e.g., sleep disturbance) [16].
• Formalities of air travel may induce negative
mood states [30].
A primary issue regarding air travel occurs
as a result of significant reductions in oxygen

saturation, which has been found to decrease
significantly from 97% at ground level to 93%
at cruising altitude (p < 0.05) [28]. This finding
is significant as oxygen saturation levels of 94%
or less may prompt physicians to administer supplemental oxygen in hospital patients and thus
would slow muscle recovery [28]. Furthermore,
researchers examined markers of skeletal muscle
damage following trans-American jet travel, but
since a non-exercise control was not included in
this investigation, meaningful interpretations of
the data cannot be determined [32].
The regularity, duration, and direction of air
travel, combined with in-cabin conditions, likely
predispose NBA players to one or more symptoms of travel fatigue [13]. In turn, travel fatigue
can have deleterious effects on player recovery
and subsequent performance, particularly when
scheduled soon after practices or games. When
flying across two or more time zones, symptoms
of travel fatigue can remain up to 2–3 days after
arrival [13]. Consequently, it is recommended
that recovery and practices administered before
and after air travel are modified to account for
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travel fatigue, especially considering the travel
direction and flight duration experienced traveling in NBA basketball players.

74.2.2 Practical Applications
Considering that skeletal muscle and connective
tissues become shortened during flights and may
stiffen, it is recommended for players to avoid
sitting the entire trip, and instead, walk around
the cabin every hour, unless they are asleep or
advised not to do so by flight staff [33]. With a
tentative agreement between the NBA and Delta
Airlines (Atlanta, GA, USA) charters, walking
inside the air cabin should be attainable, as most
NBA teams (27 out of 30 teams) fly with private
jets of Delta Airlines (including Airbus 319s, and
Boeing 757-200s) with almost 50% more cabin
space than standard planes [34]. This cabin space
allows most NBA players, who possess an average
stature of 6 feet and 7 in, to have more freedom
to stand erect during air travel [34]. Additionally,
simple stretching exercises can be applied while
in the seat or in the cabin, which could help relax
muscles while increasing blood flow and delivering oxygen and other nutrients to muscles [31,
33]. As a result, stretching may reduce the negative effects of air travel on flexibility and skeletal
muscle recovery. Consequently, future studies are
encouraged to examine the efficacy of these inflight travel strategies in NBA players.

74.2.3 Future Research
Despite recent schedule modifications and an
increased awareness of the potential negative
consequences of air travel on the health and performance of NBA players, there is still a need to
implement effective strategies to address issues
with travel fatigue to promote greater equity
across western and eastern teams. Future research
exploring various aspects of regularity, duration,
directions, and conditions of air travel [13] in
one or multiple NBA seasons can help identify
origins of fatigue in players. Consequently, a

holistic approach to future research (e.g., applied
chronobiology and jet lag research) is recommended, with some potential topics of interest
encompassing descriptive and intervention-style
studies.

74.3

 he Influence of Traveling
T
on Athletic Performance

74.3.1 Scientific Evidence
74.3.1.1

Circadian Rhythm
and Performance
Shifting a player’s circadian rhythm (body clock)
relative to real time in the destination has demonstrated to be a major factor in sports performance.
Although peak performance times throughout the
day may vary among players [33], for most players, peak performance tends to appear between
4:00 and 10:00 pm [33]. Proper planning of physical activities has the ability to support resynchronization of the player’s circadian rhythm, which
in turn can lead into an increase of up to 10%
in endurance, physical strength, and mental function [19, 33]. Consequently, circadian variations
should be taken into account when scheduling
practices and physical activities before and after
air travel. In particular, strength and endurance
training tend to be optimally planned in the afternoon or early evening while motor skill training
in the morning [35]. However, future research
studies are needed to validate these findings in
the NBA as well as other professional basketball
leagues.
74.3.1.2

Travel Direction
and Performance
The direction of air travel should be considered
by NBA teams as traveling westward exacerbates reductions in performance [14, 23]. In a
sample of 8495 NBA games between 1987 and
1995, west coast teams scored four more points
per game (p < 0.05) when traveling to the east
coast than east coast teams scored when traveling
to the west coast [23]. Furthermore, NBA teams
traveling eastward had a winning percentage of
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45.4% compared with 36.2% for teams traveling
westward (p < 0.001) between 2010 and 2015
[14]. The increased difficulty of traveling westward across the USA to compete has also been
reported in the National Football League and the
National Hockey League [14]. Westward travel is
likely more difficult since performance tends to
peak in the late afternoon, and players traveling
from west to east tend to play games closer to
their circadian peaks, given most NBA games are
played at night.

pressed training schedules, which may inhibit
access to active rest days to fully recover from
accumulated physical and psychological stress
induced by NBA games and practices. In this
way, NBA teams are often obligated to intervene
with various ergogenic practices in an attempt to
speed up the recovery process, such as whole-
body cryotherapy, compression tights, cold water
immersion, contrast water therapy, and soft tissue
massage [40].

74.3.1.3

74.3.2 Practical Applications

Competition Schedule
and Performance
The home court advantage during competition
has been reported in multiple team sports [14,
16, 19, 36] including the NBA [37, 38], suggesting either a negative effect of travel or a circadian advantage [39]. However, the magnitude
of the home court advantage may be mitigated
or enhanced depending on other external factors
such as the travel direction, tip-off time, opponents’ playing style, game/practice volume and
intensity, and travel duration. Therefore, a holistic approach to scheduling and travel management is recommended.
Another factor that plays a role into the home
court advantage is the quantity of rest NBA teams
attain prior to games [37]. In particular, a consistent advantage was recorded when a team had
more than 1 day of rest between games (the home
team’s score increased by 1.1 points per game and
the away team’s score increased by 1.6 points per
game) in a sample of 8495 regular season NBA
games between 1987 and 1995 [23]. Moreover,
average total scores (home and away teams) were
highest when 3 days of rest were encountered
between games with data collected from the 1987
to 1995 seasons [23]. Consequently, the negative
influence of air travel during an NBA season may
be mitigated by incorporating supplemental days
to recover from games.
An optimal recovery window of 72 h following games and practices is needed for an athlete
or team to return to optimal levels of performance
[24]. Nevertheless, the NBA schedule dictates
condensed game schedules that necessitate com-

Although age and level of fitness can influence
the severity of symptoms associated with long-
distance traveling [41], air travel should be recognized and respected as an additional stressor
when planning physical activities before, during,
and after a travel period. Consequently, practices and workout sessions should be planned on
a chronobiological basis to ensure that performance is not impaired during the trip and after
returning home [25]. In particular, it is recommended to reduce the overall volume, intensity,
and frequency of endurance training sessions,
while strength training sessions (neuromuscular
work) tend to be less susceptible to the negative
consequences of long-distance traveling [18].
However, the benefits should be weighed with
the potential risks. Hence, high-volume, high-
intensity, and even traditional strength routines
should not be assumed to be indispensable [18].
Additionally, the timing of practices and physical
activities should not be planned during the circadian nadir (2–4 PM and 2–4 AM of the departure
time zone) until the players are fully adapted to
the new time zone [18].

74.3.3 Future Research
While these commonly employed recovery practices, including compression tights, [36] cold
water immersion, [42] and massage, [43] have
been investigated in various samples of basketball players, no data are available specifically in
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NBA players. Therefore, more research is needed
to ascertain if these recovery practices benefit
NBA team and player performance, particularly
around intensive and extensive travel periods.
Furthermore, most of the studies that investigate performance decrements related to air
travel in team sport athletes have methodological flaws [33, 44] such as the absence of preflight
assessments compared to postflight assessments.
Therefore, it is recommended that future studies
take these issues into account when constructing
their research methodology.

74.4

 he Influence of Traveling
T
on Sleep

74.4.1 Scientific Evidence
74.4.1.1

Desynchronization
of the Circadian Rhythm
The physiological and perceptual stressors
associated with flying across one or more time
zones may alter sleep patterns in athletes [12],
especially when accumulated over an entire
season [18, 45]. In particular, short-haul air
travel has been reported to impair athletic performance due to the development of an inefficient internally-
driven circadian rhythm (i.e.,
sleep deprivation or disorientation between the
circadian system and the environment) [44].
Hence, the circadian rhythm plays a critical role
in sports performance [13, 19, 46, 47]. When an
athlete’s circadian rhythm is synchronized with
the environment, the athlete should achieve
optimal performance during late afternoons
and early evenings [19]. Contrary, a desynchronized circadian rhythm impedes the ability for
muscles to accumulate protein synthesis (the
ability of skeletal muscle to adapt and repair),
which consequently may limit training adaptations [48, 49]. This may be concerning during
the preseason period, given sleep disturbances
are present during higher training volumes [50].
Since sleep loss can also affect vigor, mood, and
perceptual awareness [30, 51], early training
sessions could cause reductions in motivation

and consequently reduce optimal training performance and subsequent adaptations [52].

74.4.1.2

 ime Zone Differential
T
and Sleep
Considering air travel can cause an athlete’s circadian rhythm to become unsynchronized with
the environment, air travel may contribute to the
home court advantage in the NBA [53, 54] as the
body’s core temperature (an endogenous measure
of circadian rhythm) takes approximately 1 day
for each time zone crossed to adapt completely
to the new time zone [13, 39]. Consequently,
the number of time zones traveled plays a critical role in the magnitude of potential disruptions
in the circadian rhythm of NBA players [13].
Hence, the greater the number of time zones
traveled, the more difficult it is for an athlete to
adapt to a new time zone. For example, a 2-h time
zone shift may cause marginal disruption to the
circadian rhythm, but a 3-h time zone shift (e.g.,
NBA players traveling coast to coast within the
USA) can cause a significant desynchronization
of circadian rhythm [13]. Therefore, it is recommended that NBA players focus on physical
activity, eating, and social contact during daylight
in their new time zone in order to resynchronize
their circadian rhythm, especially when traveling
from coast to coast [13].
74.4.1.3 Travel Direction and Sleep
One study examined the effects of air travel from
the east coast to the west coast of the USA on
physiological performance measures, sleep quality, and hormonal alterations [32]. However, it is
important to note the following: participants used
in this investigation were not athletes, a simulated
sporting event most closely related to demands
experienced during soccer was administered,
and a non-exercise (control) group was absent.
However, air travel-induced jet lag symptoms,
which resulted in decreased sleep quality and was
paired with significantly increased melatonin levels on flight days (travel from east to west coast
and travel from west to east coast) [32].
Finally, flying eastwards requires a phase
delay of the player’s circadian rhythm, while
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for staff and players to recognize the causes,
symptoms, and solutions of cumulative travel
fatigue and sleep disturbances in professional
basketball players is strongly recommended [18,
47]. For example, prior to long-distance flights
(>6 h), high-performance support staff should
advise their teams to adopt the timing of training sessions to the destination time zone to help
synchronizing the circadian rhythm of their players prior to arrival [18]. Furthermore, an evening
flight is recommended for eastward travel (e.g.,
United States to Europe) [18]. During the flight,
74.4.2 Practical Applications
eyeshades and earplugs are recommended to
help relaxation and mitigate the noise and overImplementing a brief data collection procedure stimulation. Furthermore, on-board meals should
pertaining to each player’s sleep history during be consumed according to the destination time
the initial medical screening process as well as [18]. Perhaps, having the players bring their own
a month’s worth of sleep logs could help iden- meals may be helpful in this regard. Additionally,
tify which player is more susceptible to jet lag players should also adapt their watch to the destior travel fatigue before the official start of the nation time as soon as boarding the plane, mainseason. In particular, it is recommended that tain proper hydration, and sleep according to the
sleep quality in team sport athletes is monitored destination time [18]. Moreover, to aid with a
through actigraphy as well as the Pittsburgh rapid circadian adaptation to the new destination
Sleep Quality Index, Likert scale, Liverpool Jet- immediately after a long-distance flight, high-
Lag Questionnaire, and RESTQ [55]. However, performance support staff and their players are
more studies are needed to verify their efficacy in recommended to strategically plan their activities
professional basketball teams.
according to the new time zone. Strategic use of
NBA schedule-makers and teams may suc- naps, caffeine, melatonin, light exposure, light
ceed in mitigating the negative effects of air travel avoidance, and physical activity may all help
from coast to coast on sleep by implementing with accelerating (or decelerating) the adaptation
up-to-date, evidence-based strategies applied in process, especially for those who tend to be more
other professional sports such as the ingestion of susceptible to travel fatigue compared to others
more frequent and smaller meals [18]. In particu- [18, 57–59]. Finally, in the current age of “social
lar, a high-carbohydrate, low-protein meal in the media” consumption and late-night tweeting in
evening is recommended to enhance serotonin the NBA, players should also be advised to miniproduction and subsequently promote drowsi- mize tablet usage or any other form of blue light
ness and sleep [19, 33], while the ingestion of a exposure before heading to bed as this has demhigh-protein, low-carbohydrate meal is recom- onstrated to sabotage sleep quantity and next-day
mended in the morning to induce the uptake of game performance [60].
tyrosine and its conversion to adrenaline, which
elevates arousal and promotes alertness [33, 56].
However, future studies are required to evaluate 74.4.3 Future Research
the efficacy of the abovementioned strategies in
NBA players.
Considering frequent time zone transitions often
Besides the implementation of specific travel disrupt the circadian rhythm in athletes [15, 16,
management strategies, basic education and 19, 30, 61, 62], future studies may focus on
awareness programs on behavioral management monitoring both exogenous and endogenous
traveling westwards requires a phase advance
of the players’ circadian rhythm. Typically, the
body adjusts more efficiently to a phase delay
compared to a phase advance because the standard duration of circadian rhythm is approximately 24.5 h (in sync with environmental factors
such as light, temperature, food intake, physical
and social factors) [25]. Hence, it is easier to fall
asleep when days are becoming longer rather
than days becoming shorter.
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parameters, such as the measurement of salivary
melatonin onset, adrenaline concentrations, and
body temperature as these are critical biomarkers of circadian rhythm [19, 63]. Measurement
of these biomarkers would provide insight into
how each player individually adapts to air travel
throughout the NBA season. Consequently,
NBA performance support staff may then apply
individualized approaches to training and game
preparation to combat the negative impact of air
travel.
Furthermore, examination of various ergogenic aids will provide a better understanding
of practices that may enhance physiological and
perceptual responses to air travel in NBA players. For instance, nutrition and hydration are fundamental aspects underpinning circadian rhythm
[64]. Therefore, analyzing and comparing the
hormonal responses of NBA players adopting
different diets may provide NBA coaches and
support staff with further insight into beneficial
nutritional strategies for coping with air travel in
the NBA.
Light therapy, light avoidance, and pharmacological techniques have demonstrated to help
shift the circadian phase to optimal time zones
before, during, and after flights [58]. However,
practical recommendations pertaining to this
type of intervention remain difficult due to
interindividual and intraindividual differences
in response to these interventions alongside the
lack of research on light therapy in team sport
environments in general. Future studies have
an opportunity to validate the impact of light
avoidance (e.g., light-blocking glasses), blue
light exposure, chronobiotics (circadian phase
shifters), and chronohypnotics (sleep inducers) on the sleep quantity and quality of NBA
players during one or multiple periods of the
season.
Finally, more studies are needed to establish
a definition of parameters inferred by actigraphy as well as consistency in sleep quality
algorithms, and the validation of self-perceived
sleep questionnaires, particularly in team sport
athletes [55].

74.5

 he Influence of Traveling
T
on Player Health and Injury
Propensity

74.5.1 Scientific Evidence
74.5.1.1

Competition Schedule
and Injuries
Competing in away games has been reported to
significantly increase regular season injury risk
in a sample of 1443 NBA players between 2012
and 2015 [9]. Specifically, 54% of regular season
injuries occurred in players playing games away
from home, which was significantly greater than
the expected injury rate for away games of 50%
(p < 0.05) [9].
74.5.1.2 Playing Time and Injuries
Another factor to consider in reducing injury
risk in the NBA is the total amount of in-game
minutes accrued by each player. While coaches
have presumed withdrawing high-minute players from entire games may reduce injury risk
and enhance performance, a tactic which is
often seen nearing the conclusion of the regular
season, data to support this approach is lacking.
In fact, existing data revealed the average minutes played per game did not influence injury
risk (p < 0.001) in 811 NBA players competing between 2000 and 2015 [8, 9]. However,
it should be noted these data are not reflective of performance and injury risk in players
who were rested for entire games but rather
are indicative of players completing reduced
game minutes. Subsequently, future studies are
needed to examine the consequences and confirm the efficacy of resting high-minute players
for entire games in the NBA.
74.5.1.3

Air Travel and Immune
System Suppression
One of the main concerns with long-distance
air traveling (e.g., transcontinental flights) is
the disturbance of sleep. Subsequently, this
may cause a suppression of the immune system
of the athlete when sleeping 1 h less than usual
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[65]. This can be exacerbated by dry pressurized air cabin conditions during the flight due to
fluid loss, abnormalities in breathing, dry nose
and throat, similar to responses on acute exposure to altitude [25]. Consequently, diuretics
such as caffeine and alcohol should be avoided
during long-distance flights to mitigate these
symptoms [48].

74.5.1.4

Air Travel and Deep-Vein
Thrombosis
A potential negative consequence of prolonged
sitting within the cabin of the airplane is “venous
thromboembolism” [66] (e.g., career-ending
diagnosis of NBA-champion Chris Bosh), often
referred to as “travelers thromboses,” which is a
condition that occurs when a blood clot (thrombus) forms in one or more of the deep veins in
the body, usually in the lower limbs. Deep vein
thrombosis can cause leg pain or swelling, but
might occur without any symptoms. On a large
scale, this condition has been reported as a
major health problem with at least 201,000 cases
reported each year in the United States in which
25% of these patients die within 7 days [67]. The
risk for venous thromboembolism can remain up
to 2 weeks after a long-haul flight. Additionally,
the annual risk of being diagnosed with this condition increases with 12% if one long-haul flight is
taken yearly [66]. Although no studies have been
published on this regard within the NBA ecosystem, NBA physicians and high-performance
support staff should be well-aware of the potential risks associated with long-distance traveling
(e.g., during preseason transcontinental NBA
global games) and advise players and staff with
customized travel management strategies as well
as prophylaxis based on other individual risk
factors associated with deep-vein thrombosis
[68]. For example, FlightFit is an iOS application which introduces basic stretching techniques
to air travelers in an interactive way [69], which
may help blood circulation, oxygen, and nutrient
supply to the muscles, bones, and connective tissues, and ultimately mitigate the risk for travelers’ thromboses.
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74.5.2 Practical Applications
In order to mitigate the negative consequences on
players’ health and injury propensity of air traveling, it is recommended for players to drink more
than usual during flights, approximately 200 ml
extra in 12-h flight [25]. Furthermore, to mitigate
the risk of travelers’ thromboses, it is recommended to implement a comprehensive assessment prior to the competition period to identify
potential high-risk profile players. Additionally,
keeping the body active through in-flight flexibility exercises may also help in reducing joint
stiffness and pooling of blood in the legs [25].
For example, through the mobile application
“FlightFit,” players can stretch different muscle
groups by following an interactive infographic
system and instructions visually and acoustically as well as customizing their own stretching
plans based on their individual characteristics and
needs [69]. FlightFit also includes the possibility
to implement notification reminders and in-flight
tips which may help with educating and cultivating healthy travel behaviors. Another educational
opportunity might be considered through the form
of a meeting or workshop with the team or players
individually prior to traveling. In this case, keeping the information brief and to-the-point (e.g.,
infographic or summary table) would help players
to comprehend and apply the given recommendations. Each player should also be advised on an
individual basis as a difference exists in peak core
body temperature and ability to fall asleep or arise
between morning type, intermediate type, and
evening type of players [25].
Consequently, the player’s chronotype should
be taken into consideration when providing
guidelines. Finally, high-performance support
staff who travel with the team should also consider their age as a subsequent factor in the ability to shift in circadian rhythms because a phase
advance (tendency toward morning-type behavior) might be favored once reaching the age of
47 years [25]. Finally, in order to mitigate the suppression of the immune system, special attention
should also be given toward proper food hygiene

T. Huyghe and J. Calleja-Gonzalez

938

(e.g., avoiding uncooked foods) and ensuring at
least 8 h of high-quality sleep before, during, and
after trips [65].

74.5.3 Future Research
In order to mitigate the potential consequences of
air travel on NBA players’ health state and injury
risk, each player’s external and internal workload should be monitored and carefully managed
throughout the season. However, future research
should investigate new metrics or biomarkers
that reflect a player’s immune system and injury
risk profile. For example, researchers may focus
on salivary cortisol and salivary immunoglobulin
A (SIgA) as demonstrated in a previous study on
monitoring stress tolerance in basketball players
[70] or vitamin D status, cortisol, testosterone, proinflammatory cytokines (e.g., TNF-Į and INF-Û),
and anti-inflammatory cytokines (e.g., IL-4 and
IL-10) [71, 72]. Additionally, future studies should
approach a holistic mindset to gain a complete
picture about each player. For example, ratings of
perceived exertion (training load) and pyschometric questionnaires can be included and compared
with other insightful metrics as well. Once this
information has been collected over a longer period
of time (e.g., 4-week period), multiple microcycle
stereotypes could then be identified based upon
the NBA season schedule (e.g., home week, road
week, split week, 3-game week, 2-game week).
Subsequently, this data would allow researchers
to identify the impact of air traveling on player’s
immune system and injury risk and identify which
microcycle might be at higher risk compared to
others. Consequently, this would support more efficient and effective travel management strategies for
NBA players and high-performance support staff.

74.6

 he Influence of Traveling
T
on Mood State

74.6.1 Scientific Evidence
In addition to sleep disturbances, fatigue, detrimental performance, and increased risk of injury,

traveling can result in an impaired mood state
[18, 73, 74] and loss of motivation all of which
can affect recovery [18]. If a player’s motivation declines, their training intensity and volume
during subsequent practices may decline equivalently, [30] and consequently their performance
as well [74]. In particular, westward travel across
six time zones demonstrated altered mood states
for up to 24 h post-travel [74]. Furthermore, sleep
disruption and desynchronized circadian rhythm
induced by long-distance traveling may further
exacerbate these fluctuations in mood states [44].
However, these findings often remain inconsistent in the literature [35, 74] and have yet to be
determined in professional basketball players in
particular.

74.6.2 Practical Applications
Although it can be difficult for NBA coaches
to make the most appropriate decisions toward
their training and recovery protocols of the
competition schedule for the entire team, especially the day after a game, it is important
to consider the type of treatments, timing of
practices and activities, and recovery interventions as all these factors can either induce or
reduce mood disturbances caused by frequent
traveling.
In order to mitigate the negative impact of
air travel on mood state, it is recommended
that each player’s psychological and psychosociological reactions to air travel should be
monitored during the season. For instance,
comprehensive psychometric questionnaires
such as the Acute Recovery and Stress Scale
(ARSS) [75] and the REST-Q Sport [76] have
been established as logical, practical, and versatile tools to measure self-perceived travel
fatigue in professional team sports [75, 76].
Considering the time constraints in the NBA,
shorter customized versions of these questionnaires can be completed on a daily basis [77],
which have been reported to be valid and reliable in elite Australian Rules Football [78].
However, further research is necessary to provide normative standards, especially with a

74 Long-Distance Traveling in Basketball: Practical Applications Based on Scientific Evidence

focus on individual interpretations, recommendations, and compliance in NBA players.
Furthermore, a systematic exercise regime
(even away from home) should be considered as
physical activities have demonstrated to improve
mood state in athletes [79] and immediately after
arriving to the athletes’ new destination [41].
However, the timing of these exercise regimes
should be carefully planned by high-performance
support staff with consideration to the changes in
the athletes’ body temperature as a symptom of
adapting to their new time zone [41].
Unnecessary psychological stress should
be avoided by approaching travel with a proactive mindset. For example, players should
be advised to adjust their watch and phone to
the local time of their upcoming destination as
soon as boarding the aircraft [33]. Additionally,
if the budget allows, travel managers should
incorporate 1 day of adjustment time for each
time zone crossed [33]. Moreover, family and
friends should be informed about the time differences during each travel period to avoid
phone calls at night or during times that may
interfere with sleep [33].
Finally, extending sleep over a period of 3
weeks with a mean addition of 110 min per night
has demonstrated to improve shooting accuracy,
energy, mood state, and mental preparedness for
competition in basketball players [80]. However,
benefits only occurred in non-sleep deprived
players, which means that sleep extension should
only be considered when players suffer from significant less total sleep time [80]. Nevertheless,
more research is needed pertaining to this particular strategy.

74.6.3 Future Research
More research is needed on the acute and chronic
effects of cumulative travel (e.g., over a season)
on psychological and physiological recovery
parameters of professional team-sport athletes.
Future research has the opportunity to validate
proactive interventions (e.g., light therapy, daytime nap scheduling) and reactive interventions
(e.g., oxygenation therapy).
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Take-Home Message

The NBA travel schedule induces misalignments in circadian rhythm that cannot
be avoided. Hence, air travel across three
time zones has been reported to induce
susceptibility to travel fatigue [18, 44, 56,
61, 62], increase injury risk [13, 44, 81],
disrupt sleep patterns [12, 18], disturb an
optimal mood state [18, 74], and reduce
game performance [13, 14, 17, 44, 53].
First, it is important to understand the
impact of air travel on NBA players at an
individual level, given that each NBA player
adapts to the demands of long-
distance
travel differently. Therefore, a well-structured travel management plan, taking into
account both travel conditions and players’
individual needs, is the first step in establishing an effective approach to mitigating
the negative consequences of frequent air
travel. Therefore, adopting a preflight, inflight, and postflight model [47] and incorporating a travel fatigue monitoring system
would help NBA high-performance support
personnel to identify problems, limit negative symptoms induced by traveling, and
subsequently improve players’ health and
performance. Nevertheless, future studies
in collaboration with multiple NBA stakeholders are needed to identify the impact
of current travel management practices and
approaches implemented by NBA teams
across one or more NBA seasons.
The
following
recommendations
(Table 74.1) are based on the literature
reviewed within this chapter as well as
empirical findings from research on air
travel in elite team sports. It should be
noted that there remains a scarcity in
research in long-distance traveling in basketball. Nonetheless, there tends to be little
risk involved and much (potential) benefit in applying these recommendations.
Most importantly, these recommendations
should be tailored toward individual differences between players.
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Table 74.1 Practical recommendations to mitigate the negative consequences with long-distance traveling for basketball players, coaches, and high-performance support staff
Long distance traveling in basketball
Scientific evidence
Practical applications
Future research
• Effective strategies to
• Incorporate educational sessions with
Fatigue
∙ Flying reduces
address issues with
players and staff about the potential
oxygen saturation
travel fatigue to
increments in stiffness and self-
which slows down
promote greater equity
perceived fatigue after flying, and how
muscle recovery
across western and
they can mitigate these negative
• Air travel likely
eastern teams
consequences before, during, and after
predisposes NBA
• The regularity,
trips
players to one or
duration, directions,
• Maintain extra hydration before,
more symptoms of
and conditions of air
during, and after flights
travel fatigue, which
travel across one or
• Avoid sitting the entire trip, but
in turn disrupts player
multiple NBA seasons
instead, walk around the cabin every
recovery and
to identify the origins
hour and perform simple seated or
performance,
of “travel fatigue” in
standing stretches (e.g., FlightFit
particularly when
players
application), unless you are asleep or
scheduled soon after
• A holistic approach to
advised not stand up by the on-board
practices or games
future research is
flight crew
• When flying across
recommended, with
• If traveling across 3 ≥ time zones in
two or more time
some potential topics
eastward direction or traveling across
zones, symptoms of
of interest (e.g.,
4 ≥ time zones in westward direction,
travel fatigue can
applied chronobiology)
consider the following:
remain up to 2–3 days
encompassing both
   – Ultra short-acting as well as
after arrival
descriptive and
medium-acting and medium
intervention-style
half-life hypnotic;
studies
   – Intake smaller, more frequent, and
recovery content meals according
to the destination schedule;
• If traveling across 3 ≥ time zones in
eastward direction or 4 ≥ zones in
westward direction, consider the
following:
   – Reduce training 2–4 days
postflight;
   – Intake 3–5 mg melatonin 30 min
before bed
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Table 74.1 (continued)
Long distance traveling in basketball
Scientific evidence
Practical applications
Future research
• Validity and reliability
• Maintain extra hydration before,
Athletic
• Traveling westward
of recovery practices
during, and after flights
performance
reduces performance,
during traveling in
• Reduce training frequency, volume,
particularly winning
NBA players across
and/or intensity 2–4 days postflight if
percentage and points
one or multiple
traveling across 3 ≥ time zones in
per game
seasons, encompassing
eastward direction or 4 ≥ time zones
• NBA players who
both behavioral and
in westward direction
travel from west to
pharmacological
• If possible, plan motor skill training
east tend to play
strategies
sessions in the morning, and strength
games closer to their
• Longitudinal studies
and endurance sessions in the evening
circadian peaks
on travel fatigue in
• Consider ergogenic modalities such as
• NBA teams perform
basketball
cryotherapy, compression tights, cold
significantly worse in
encompassing
water immersion, contrast water
away games
preflight, in-flight and
therapy, and soft tissue massage
compared to home
postflight assessments
• If possible, plan individual practices
games
or workout sessions based upon the
• An optimal recovery
player’s chronobiological profile
window of 72 h
• If arriving to a new time zone, avoid
following games and
planning practices or workout
practices is needed
sessions during the circadian nadir
for an athlete or team
(2–4 PM and 2–4 AM at the departure
to return to optimal
time) until players are fully adapted to
levels of performance
the new time zone
• For most athletes,
peak performance
tends to appear
between 4:00 and
10:00 pm
• Proper planning of
physical activities
during travel can
improve endurance,
physical strength, and
mental function in
athletes up to 10%
• Neuromuscular
training tend to be
less susceptible to
negative
consequences of long
distance traveling
compared to
high-volume work
(continued)

942

T. Huyghe and J. Calleja-Gonzalez

Table 74.1 (continued)
Long distance traveling in basketball
Scientific evidence
Sleep
• Frequent air traveling
may induce sleep
deprivation or
disorientation
between the circadian
system and the
environment
• A desynchronized
circadian rhythm
impedes the ability
for muscles to
accumulate protein
synthesis, and thus
the ability of skeletal
muscle to adapt and
repair
• The body’s core
temperature takes
approximately 1 day
for each time zone
crossed to adapt
completely to the new
time zone
• The greater the
number of time zones
traveled, the more
difficult it is for an
athlete to adapt to a
new time zone
• Air travel increases
melatonin levels on
flight days in
non-athletes
regardless of the
travel direction
• High-volume training
may exacerbate sleep
disturbance (e.g.,
preseason period)
• It tends to be easier to
adjust to a circadian
phase delay (e.g.,
eastwards travel) than
a phase advance (e.g.,
westwards travel) as
the standard duration
of the circadian
rhythm is
approximately 24.5 h
• Late-night social
media use negatively
impacts next-day
performance in NBA
players

Practical applications
Future research
• Include exogenous and
• Include sleep history and a month’s
endogenous parameters
worth of sleep logs in the preseason
to measure the
test battery as well as a month’s worth
circadian rhythms in
of sleep logs to identify players who
NBA players, such as
are at high risk for sleep issues
salivary melatonin,
• Monitor sleep through actigraphy as
adrenaline, light
well as valid surveys such as the
exposure, and body
Pittsburgh Sleep Quality Index, Likert
temperature
scale, Liverpool Jet-Lag
• Standardized protocols
Questionnaire or RESTQ
for the usage of
• Prior to long-distance travel,
wearable devices and
educational sessions should be
progressive strategies
considered to communicate effective
to help with sleep
strategies moving forward
disturbances induced
   – For example, the coaching staff
by traveling, such as
should be advised to adopt the
light-blocking glasses,
timing of their practice sessions to
exercise regimes,
the time zone of the prospective
caffeine consumption,
destination. Additionally, an
food intake, melatonin
evening flight should be advised
prescriptions, as well
when traveling in eastward
as the use of other
direction
chronobiotics and
• Consider the following in-flight
chronohypnotics
strategies to promote relaxation:
• Definition of
   – Eyeshades and earplugs;
parameters inferred by
   – On-board meal intake according to
actigraphy,
the destination time;
polysomnography, as
   – Bring custom meals;
well as consistency in
   – Modify the time on personal watch
sleep-quality
or phone to the destination time as
algorithms and
soon as boarding the plane;
self-perceived sleep
• Consume a high-carbohydrate,
questionnaires
low-protein meal in the evening
• Consume of a high-protein, lowcarbohydrate meal in the morning
• If traveling seems to disturb your
sleep, consider taking 20–30 min naps
during the circadian nadir of the
departure time
• If traveling across 3 ≥ time zones in
eastward direction or traveling across
4 ≥ time zones in westward direction,
seek or avoid light according to a jet
leg calculator
• Focus on physical activity, eating, and
social contact during daylight time in
the new time zone
• Avoid late-night tablet use or any
form of blue light exposure before bed
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Table 74.1 (continued)
Long distance traveling in basketball
Scientific evidence
Practical applications
Future research
• Explore which
• Avoid caffeine and alcohol during the
Injury
• Competing in away
travel-related
flight to mitigate fluid loss and the
propensity
games increases
biomarkers indicate an
suppression of the immune system.
regular season injury
increased risk for
Instead, drink other beverages,
risk in the NBA
injury or health
approximately 200 ml extra in a 12-h
• Reducing minutes
problems in basketball.
flight
played per game does
For example:
• Include a baseline assessment during
not influence risk of
   – Internal load
the preseason medical screening to
injury in NBA players
variables:
gain insight into the risk for deep vein
• When sleeping <8 h,
Psychometric
thromboembolism in each player and
the immune system
questionnaires,
staff member
becomes suppressed
salivary
• Perform flexibility exercises (e.g.,
• Dry pressurized air
immunoglobulin,
FitFlight) during flights (when awake)
cabin conditions
vitamin D, cortisol,
• Advise players on an individual basis
during the flight or
testosterone,
according to their chronotype, age,
acute exposure to
pro-inflammatory,
and level of fitness
altitude may
and anti• Ensure 8 h of quality sleep before,
exacerbate a
inflammatory
during, and after trips
suppressed immune
cytokines
• Ensure proper food hygiene, and
system
   – External variables:
avoid uncooked foods
• Prolonged sitting
Type of schedule,
increases the risk for
travel duration,
venous
travel direction, and
thromboembolism
altitude
• The annual risk of
• The magnitude of
deep vein
influence by the NBA
thromboembolism in
ecosystem on the risk
non-athletes increases
of its athletes and
with 12% if one
employees to being
long-haul flight is
diagnosed with venous
taken yearly. This
thromboembolism
increased risk may
• The analysis of
remain up to 2 weeks
preflight, in-flight, and
after a long-haul
postflight interventions
flight
(e.g., FlightFit) and
how these interventions
play a role on the
immune system,
hydration status, and
blood circulation of
NBA players and
employees who travel
with the team
(continued)
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Table 74.1 (continued)
Long distance traveling in basketball
Scientific evidence
Practical applications
Future research
• Validity and reliability
• Monitor subjective loads during travel
Mood state
• Traveling tends to
of pyschometric
periods based on evidence-based
impair mood and loss
surveys specifically in
surveys such as the Acute Recovery
of motivation all of
professional basketball
and Stress Scale (ARSS) and the
which can affect
and during travel
REST-Q Sport.
recovery
periods
• If traveling across 3 ≤ time zones in
• Altered mood states
• The effectiveness of
eastward direction or 4 ≤ time zones
after flying may
intervention strategies
in westward direction, consider
remain up to 24 h
on mood state
intaking 50–200 mg of caffeine as
after the flight
disturbances in NBA
required
• Sleep disruption may
players induced by
• If traveling across 3 ≥ time zones in
further exacerbate any
traveling, such as
eastward direction, or traveling across
mood fluctuations
napping and sleep
4 ≥ time zones in westward direction,
• Physical activity has
extension
consider intaking 50–200 mg of
demonstrated to
caffeine in late afternoons and in the
improve mood state
minutes before a nap
in athletes
• Avoid unnecessary psychological
immediately after
stress by applying a proactive
flying
mindset, such as adjusting your watch
• Extending sleep over
as soon as boarding, and if the budget
a 3-week period may
allows, travel managers should
improve energy,
incorporate 1 day of adjustment
mood state, and
period for each time zone crossed.
mental preparedness,
Additionally, inform family and
especially in
friends about the time difference to
sleep-deprived
avoid calls during inappropriate times
basketball players
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75.1

Introduction

More than 300 million people enjoy playing
and watching the game of basketball worldwide. While the rules of the game have
remained the same, many aspects surrounding
the game have changed since the sport was
invented in the 1890s. Its popularity has led
businessmen and researchers alike to explore
innovative developments surrounding the different features of the sport’s environment.
From the court materials to clothing and shoes
to protective gear, technological advances
have been applied to try and improve the game
of basketball. The following chapter discusses
the latest research regarding these aspects of
basketball, noting which trends have merit and
which are more of a fad.
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75.2

Court

When Dr. James Naismith wrote down the first
rules of basketball in 1892, he wished that the
new game could be played in any environment—
indoors or outdoors and on any surface whether
uneven or smooth. The gymnasium where
Naismith played the first game was in the 5-year-
old Christian Workers Building. The gymnasium
had a 49 feet × 41 feet floor that was equipped
with all kinds of equipment including climbing
ropes, dumbbells, parallel bars, and flying rings.

75.2.1 Early Courts
The Gymnasium floor was made of hard or rock
maple [1]. Maple flooring, at that time, was popular because this type of wood was plentiful and
therefore inexpensive. It was also more durable
and stable. Maple flooring is harder than oak,
walnut, and cherry based on the Janka Hardness
Scale [2] (Table 75.1), which measures the hardness of species of hardwood. The scale is based
on the pounds of pressure required to mar the
wood’s surface. It also has a tighter gain that
makes it easier to clean, refurbish, and maintain.
The ideal basketball court must be solid and
consistent throughout to ensure that the basketball will bounce the exact same way without
recoil or dampening. The smallest difference can
impact the game. The actual area of courts used
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Table 75.1 Hardness classification of the wood court
Janka Hardness Scale
1600

1450
1360

1400

1290

1200
1010

1000

995

800
Pounds of Pressure to
mar surface of wood

600
400
200
0
Hard
Maple

White
Oak

Red Oak

Black
Walnut

Cherry

Type of Wood

75.2.2 Polyurethane

Picture 75.1 Maple hardwood planks

by the NCAA and NBA measures 94 feet by
50 feet [3]. However, most courts incorporate a
larger perimeter measuring 140 feet by 70 feet.
The hard rock maple planks measure thicker than
¾ of an inch thick (Picture 75.1). Therefore, it
requires 80–100 trees to construct a single hardwood court.

There have been experiments with other types of
surfaces to play the sport, including canvas and
plastic [1]. The development of synthetic surfaces led to the development of rubberized polyurethane flooring. The flooring had somewhat of
a grayish coloration. This became popular in the
1970s with incorporation into many NCAA university arenas. The NBA Houston Rockets were
the only team to use the material from 1971 to
1975. A small study determined that the hardness
of this playing surface is associated with higher
levels of bone mineral density and content in
growing girls playing basketball [4]. However,
the material is much more unforgiving on the
knees and elbows, causing it to lose popularity. It
is important to note that many high school and
recreational gymnasiums still use this flooring,
which can affect injuries that can occur. None of
this synthetic material is currently being used in
the NCAA or NBA at this time.
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Picture 75.2 Maple hardwood court

Picture 75.3 Outdoor polyurethane court

75.2.3 Maple Hardwood

75.2.4 Mobility

As the sport developed, it became evident that maple
floors are ideal for the game of basketball [1, 2, 5]. It
provides a stable surface for dribbling. The light
color of the wood provides a good contrast to the
orange basketball as well. Due to being a tighter
grained product, the wood is less likely to expand
and contract with changes in temperatures and
humidity, and it is largely resistant to splintering
(Picture 75.2). Maple also provides shock-absorbing
qualities to protect players when jumping. This minimizes fatigue, damage to joints, and potential injury.
However, there are not any research studies to confirm these benefits. Currently, 29 of the 30 NBA
teams play on hard maple (or Acer saccharum)
floors (the Boston Celtics is made of red oak and the
wood color is darker than other surfaces) [5].

New technology has allowed maple floor courts
to be delivered in sections and assembled
quickly. This has allowed courts to be constructed in larger arenas for larger tournament
crowds. It has also opened the opportunity to
play basketball in new environments as the
flooring did not need to be maintained within
that environment. The Carrier Classic was a
college basketball game played on November
11, 2011, between Michigan State and North
Carolina on the deck of a US Navy aircraft carrier. The first outdoor game was played between
the Phoenix Suns and the Milwaukee Bucks on
September 24, 1972, in the Hiram Bithorn
Baseball Stadium in San Juan, Puerto Rico.
The WNBA had one game held at Arthur Ashe
Stadium in Flushing, New York, in 2008.
However, weather caused difficulty with these
games as debris, obstructions, and dampness
on the court are dangerous to the athletes [6],
which led to rescheduling these outdoor games
(Picture 75.3).

As the sport developed, it became evident
that maple floors are ideal for the game of
basketball.
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75.2.5 Maintenance
Court maintenance is important in increasing the
longevity of the flooring. Ideally, floors should be
wet mopped every evening with dry mopping
between each activity. Most basketball courts
should be buffed, screened, and recoated yearly to
ensure the flooring performs as it should. However,
if utilized for activities other than sports, it may
need this more often [2]. Floor maintenance is
important as poorly maintained or uneven surfaces
can cause an athlete injury [6]. The National
Basketball Association (NBA) requires teams to
replace their floor every 10 years [5].

75.3

Clothing and Protective Gear

The official National Basketball Association rule
book [3] addresses the topic of clothing and equipment that may be used by players during the game.
Based on the 2018–2019 rule book, players are not
permitted to wear any type of jewelry. Officials
should “not permit any player to wear equipment
which, in their judgment, is dangerous to other
players. Any equipment that is hard substance (cast,
splints, guards, and braces) must be padded or foam
covered and have no exposed sharp or cutting edge.”
All equipment must be appropriate for basketball.
Unnatural equipment designed to increase a player’s height, reach, or advantage is prohibited.
Other than these topics, the discussion of additional gear and athletic shoes is not included. With
the advances in technology and research, athletic
clothing companies advertise new articles of clothing to players with the hopes of improving their
performance with using their products. Limited
research is available to determine if these shoes,
braces, compression clothing, or other gear
improves an athlete’s athletic performance or protects them from injury in the game of basketball.

75.4

has been conducted on the hypothesis. One study
noted that performance in lighter shoes was significantly increased by 2% (vertical jump 2%,
P < 0.001; shuffle cut 2.1%, P < 0.001) compared
with individuals wearing heavier shoes [7].
However, this difference was only noted in the participants who were aware of the heaviness of the
shoe they were wearing. In the blinded group, participants were unable to perceive the shoe-weight
variation between conditions, and there were no
significant differences in vertical-jump and shuffle-cut performance across shoes. Therefore, the
differences in performance of the participants who
were aware of the weight of the shoes were most
likely due to psychological effects surrounding
their expectancies toward the difference in weight
of the shoes used. Another study found shoe mass
to have no effect on performance [8].

75.4.2 Collar Height
Ankle sprains are common injuries for basketball
athletes; hence experiments in shoe designs that
attempt to provide more stability, particularly high
collar height shoes or high-tops, have emerged.
One study examined the effect of varying collar
heights (Pictures 75.4 and 75.5) and heel counterstiffness on ankle stability (using sidestep cutting)
and athletic performance (using jumping and agility tasks). It concluded that collar height may play
a role in lateral stability of the ankle, but neither
collar height nor heel counter-stiffness affected

Basketball Shoes

75.4.1 Weight
Though hypothesized that the weight of the shoe
could influence performance, not much research

Picture 75.4 High top shoe
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players wearing shoes with air cells in the heel
were 4.3 times more likely to injure an ankle than
those without air cells [13]. The study also noted
that athletes with a history of ankle sprain were
almost five times more likely to sustain another
sprain and those who did not stretch were 2.6
times more likely to injure an ankle [13].

75.4.4 Shoe Stiffness
Shoe stiffness is another aspect of shoe design
being researched with regard to athletic performance and injury. One study noted that increased
performance [9]. Another study corroborated the forefoot stiffness demonstrated 2.9% higher
findings, noting a smaller ankle range of motion, jump height while not significantly changing
particularly in ankle inversion and eversion, with sprint times [14]. Another study demonstrated
no effect on the athlete’s cutting performance [10]. that a higher forefoot bending stiffness had a
A third study also noted that a higher shoe collar moderate benefit on sprinting and cutting perforheight can help to provide ankle stability but sug- mance [15]. However, when researching forefoot
gested that decreased range of motion meant less stiffness in relation to tendon strains, the least
force exerted at the ankle which could be advanta- stiff shoe was found to have a 5.3% reduction in
geous with jumping performance [11].
Achilles tendon strains during landing when
compared to the stiffest shoe [15]. Shoe stiffness
did not affect jump height or patellar tendon
A higher collared shoe, or high-top, can be
strain injury rates in this study. It appears that
beneficial in those athletes requiring more
while shoes with a stiffer forefoot may have some
ankle stability in their shoe.
effect in improving aspects of athletic performance, they may also alter the rate of Achilles
tendon strains by altering the center of pressure
A different study evaluated collar height location.
effects on ankle inversion kinematics and pre-
A study investigating the effect of midsole
landing EMG activation of ankle evertor muscles stiffness on performance and perception of stabilduring landing on a tilted surface. This study ity found no difference in performance on any of
determined no decreased inversion with high col- the tested movements between the varying stifflar shoes and perhaps a detrimental effect in ness of midsoles [16]. However, a majority of
establishing and maintaining ankle joint stability participants preferred the softer midsole, perceiv[12]. While no clear recommendation can be ing more stability with those shoes. Another
made regarding the use of high collar shoes to study found similar findings of no change in perprevent ankle sprains or improve athletic perfor- formance with varying midsole stiffness, regardmance, it does appear a higher collared shoe less of the weight of the athlete [17]. However,
would be beneficial in those requiring more ankle participants in this study also preferred the softer
stability in their shoe.
midsole shoes.
Picture 75.5 Low top shoe

75.4.3 Air Cells

75.4.5 Cushioning

Another shoe aspect found to affect ankle injuries
were shoes with air cells. One study noted that

Tibia stress fractures are common in basketball
players and are associated with high tibial
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shock and impact loading. Shoe cushioning
properties can affect the amount of tibial shock,
impact loading, and knee kinematics in basketball players. One study [18] examined different
cushioning and the effects of landing from different heights. Results showed no significant
interactions between landing height and shoe
conditions on tibial shock, impact peak, mean
loading rate, maximum knee flexion angle, and
total ankle range of motion. However, there was
found to be greater tibial shock, impact peak,
mean loading rates, and total ankle range of
motion with higher landing heights. The regular-cushioned shoes had significantly greater
tibial shock than the better and best-cushioned
shoes. Similarly, another study [19] found the
regular-cushioned shoe to have greater tibial
shock and impact loading. However, the bestcushioning shoe also had higher shock and
impact than the better-cushioned shoe. Comfort
rating of the shoe can also help to estimate the
level of impact loading. One study [20] suggested that a highly cushioned shoe is more
helpful in decreasing peak impact and muscle
activation in landings from unexpected situations of impact.

75.4.6 Outsole Traction
In one study [8], the amount of outsole traction
was evaluated using three different amounts of
traction, varying by 20% each. Outsole traction
was found to have the largest influence on performance in all categories, maximal effort
sprints, vertical jumps, and most significantly
with a cutting drill performance. Participants
performed significantly better with increasing
amounts of traction.

Outsole traction had the largest influence
on performance in all categories (maximal
effort sprints, vertical jumps, and cutting
drill) of performance.

Picture 75.6 Knee and ankle brace

75.5

Braces

75.5.1 Ankle
Ankle injuries are particularly prevalent in female
basketball players. One study [21] compared the
effects of a lace-up brace (ASO), a hinged brace
(Active T2), and no bracing. The hinged ankle
brace significantly restricted peak ankle inversion
compared to the ASO or no bracing. It also
reduced ankle and knee joint compressive forces
at the time of peak ankle dorsiflexion and reduced
knee anterior shear forces in the deceleration
phase and at peak ankle dorsiflexion. This suggests that the hinged ankle brace may be a better
prophylactic ankle support for female basketball
players (Picture 75.6). Another study [22] noted
that during a 16-week basketball prophylactic
ankle-brace intervention, participants showed
significantly improved dynamic postural control
and single-limb functional tests over time.
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The hinged ankle brace may be a better
choice of prophylactic ankle support for
female basketball players from a biomechanical perspective.

Following an ankle injury, athletes sometimes
brace the injured ankle in hopes of minimizing
the likelihood of suffering a recurring injury.
Therefore, a study [23] examined the effects of
wearing an Ankle Stabilizing Orthosis (ASO)
ankle brace unilaterally on the dominant side on
bilateral ankle joint kinetics and kinematics and
peroneus longus EMG activity during rebounding. It demonstrated that wearing an ankle brace
on the dominant side reduced ankle and foot
inversion and increased ankle inversion moments,
with no difference noted in peroneus longus
activity. No differences were observed on the
non-braced limb. This suggests that wearing a
brace unilaterally can protect the braced ankle
without posing a risk to the unbraced leg. Another
study [24] reproduced these results utilizing different braces, showing that any braced condition
shows the benefit.

75.5.2 Foot
Foot orthoses are often used to support those with
flat feet to help improve normal foot function.
One study [25] examined its effect on jump performance in basketball players without flat feet,
measuring countermovement jump and standing
broad jump performance as well as lower limb
biomechanics. The study demonstrated that the
foot orthoses affected biomechanics of take-off,
but did not actually affect jumping performance.

75.6

Mouth Guards

Mouth guards have been shown to be effective,
inexpensive, easy to use, and readily available.
However, it is vastly underutilized in sports such
as basketball. One study [26] noted that while
98% of coaches believe mouth guards prevent
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dental injures, only 47% of them suggest use.
Even in players who had previously sustained a
dental injury while playing, only 6.3% used a
mouth guard though 95% of them believed them
to help prevent dental injuries. Common reasons
cited for not using one were discomfort (37.7%),
difficulty breathing (7.3%), and difficulty talking
(6.4%). Another study [27] noted that the primary reasons high school athletes were not wearing them was that they were not required (65.3%)
and that they could not breathe or talk while
wearing one (61.5%). Efforts should be made to
improve athletes’ use of mouthguards to help
prevent sports-related dental injuries.

Efforts should be made to improve athletes’
use of mouthguards to help prevent sportsrelated dental injuries.

75.7

Compression Clothing

While compression garments are often advertised
to improve performance, recovery, or comfort,
little research is available regarding their benefits. One study [28] analyzed hip and knee kinematics and kinetics during a drop vertical jump
while wearing KNEE-Tec compression leggings.
The results demonstrated significant reduction of
hip abduction range of motion but no differences
in peak hip abduction, knee valgus, peak knee
valgus, peak hip abduction moment, or peak knee
valgus moment. While it appears that the compression garment does alter movement patterns
minimally and potentially aid in knee injury prevention by altering jumping mechanics, further
research is still needed.
Another study [29] examined lower body
compression garments in collegiate basketball
players. The results suggested that these garments enhanced mean power output, anaerobic
capacity, and total work across successive anaerobic tests (WAnT) while also noting a lower perceived exertion rating. It showed no effect on
peak power, anaerobic power, or fatigue index.
Previous evidence has noted that performance on

954

the specific anaerobic tests done in the study may
predict performance in basketball-specific skills,
so one can postulate improvement in basketball
performance with lower body compression garments. However, further studies are needed,
focusing on physiological variables, muscle activation patterns, and adaptations over time.
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75.8 Conclusion
2016;11(1):74–9.
8. Worobets J, Wannop JW. Influence of basketball shoe
As has been proven in the preceding chapter,
mass, outsole traction, and forefoot bending stiffness on three athletic movements. Sports Biomech.
newer does not always mean better. Though there
2015;14(3):351–60.
continues to be new court floors available, such
9. Liu H, Wu Z, Lam WK. Collar height and heel counter-
as the Eco-Friendly court, the maple hardwood
stiffness for ankle stability and athletic performance
has withstood the test of time and remains the
in basketball. Res Sports Med. 2017;25(2):209–18.
court flooring of choice. Mouthguards have been 10. Weijie F, Ying F, Yu L, et al. The effect of high-top
and low-top shoes on ankle inversion kinematics and
available since basketball was invented and has
muscle activation in landing on a tilted surface. J Foot
been proven to prevent against sports-related
Ankle Res. 2014;7:14.
dental injuries. However, few athletes use them, 11. Yang Y, Fang Y, Zhang X, et al. Does shoe collar
height influence ankle joint kinematics and kinetand efforts should be made to increase their use.
ics in sagittal plane maneuvers? J Sports Sci Med.
As new technologies for shoes and clothing con2017;16(4):543–50.
tinue to develop, it is necessary to understand 12. Lam GW, Park EF, Lee KK, et al. Shoe collar height
their purpose and to explore how they can affect
effect on athletic performance, ankle joint kinematics and kinetics during unanticipated maximum-
an athlete’s performance and more importantly,
effort side-cutting performance. J Sports Sci.
their impact on injury. For shoes, the comfort of
2015;33(16):1738–49.
the shoe to the athlete, outsole traction, and if 13. McKay GD, Goldie PA, Payne WR, et al. Ankle injuneeded, higher collars are important. Compression
ries in basketball: injury rate and risk factors. Br J
Sports. 2001;35(2):103–8.
garments are showing some promise for injury
prevention, but further studies are still needed. 14. Lam WK, Lee WC, Lee WM, et al. Segmented forefoot plate in basketball footwear: does it influence
With regard to orthotics, a hinged ankle brace can
performance and foot joint kinematics and kinetics?
be considered for prophylactic ankle support,
J Appl Biomech. 2018;34(1):31–8.
particularly in female athletes, but foot orthoses 15. Firminger CR, Bruce OL, Wannop JW, et al. Effect of
shoe and surface stiffness on lower limb tendon strain
have not been found to be very beneficial.
in jumping. Med Sci Sports Exerc. 2019;51(9):1.
16. Leong HF, Lam WK, Ng WX, et al. Center of pressure and perceived stability in basketball shoes
with soft and hard midsoles. J Appl Biomech.
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Ethical and Medico-Legal Issues
in Injury Management and Return
to Sport in Basketball
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76.1

Introduction

The standards of care for providing medical services in sports medicine are rapidly evolving and
expanding with each year. New position statements, updates of earlier position statements, new
technologies, and new methods and modalities of
treatment are introduced frequently. A variety of
healthcare professionals are involved in sports
medicine. These professionals include family physicians, orthopedic surgeons, internists,
physiatrists, pediatricians, neurologists, physical therapists, athletic trainers, chiropractors,
psychologists, dentists, nutritionists, dieticians,
and physiologists. Although sports medicine services have been growing in recent years, so has
the unprecedented growth of claims and lawsuits
arising out of the practice of sports medicine.
It behooves all members of the sports medicine
team to become familiar with their potential legal
and professional liabilities.
Since 1990, there has been a significant
increase in sports medicine-related litigation
[1, 2]. Because of the increasing economic benefits of playing sports, such as college schol-

J. Rawlings
Campbell University, Buies Creek, NC, USA
e-mail: jdrawlings0523@email.campbell.edu
B. Boggess (*)
Duke University, Durham, NC, USA
e-mail: blake.boggess@duke.edu

arships or multimillion-dollar professional
contracts, injured athletes have a strong incentive
to seek compensation for harm caused by negligent sports medicine care rendered by team physicians, athletic trainers, and others.

76.2

Definition of Sports
Medicine

Many consider the term sports medicine to apply
to the healthcare professionals who provide professional services to those who participate in
athletic activities. Sports medicine, a recognized
medical subspecialty of the American Board of
Medical Specialties, also includes prescribing
exercise and recommending exercise equipment.
The American Osteopathic Academy of Sports
Medicine (AOASM) defines sports medicine as
“that branch of the healing arts profession that
uses a holistic, comprehensive team approach to
the prevention, diagnosis, and adequate management (including medical, surgical and rehabilitative techniques) of sports and exercise-related
injuries, disorders, dysfunctions, and exercise-
related disease processes.”
The sports medicine team is usually, and
should be, composed of several members from
a variety of backgrounds and training. Given the
broad range of people involved, it is important to
develop an organized structure of responsibilities
and duties of each member. Each member should
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also know their limitations, the standard of care,
and the limitations to their practice.

76.3

The Standard of Care

Team physicians have a legal duty to conform
to the standard of care corresponding to their
specialty training. For example, an orthopedic
surgeon should be held to the standard of an
orthopedist certified in sports medicine if they
are providing care for high-level athletes. A
physician certified by the American Boards of
Emergency Medicine, Internal Medicine, Family
Practice, Pediatrics, or Physical Medicine and
Rehabilitation may earn a certificate of added
qualification in sports medicine by passing a
written examination and is held to the standards
conferred by this certification. Certification is
often tied to their primary board certification.
In malpractice suits involving a medical specialist, the trend is to apply a national standard of
care because national specialty certification boards
exist to ensure standardized training and certification procedures. A national standard of care for
team physicians is preferable because appropriate sports medicine care and treatment should
not vary depending on the area of practice. The
applicable legal standard of physician conduct is
good medical practice within the physician’s type
of practice. What physicians in the same specialty
commonly do generally serves as the standard by
which a physician’s actions are measured. What
should have been done under the circumstances,
not what is commonly done, determines applicable standard. Physicians have a legal obligation to
keep up to date on new guidelines and advances in
sports medicine, and they may be liable for using
outdated treatment methods that no longer have a
sound medical basis or that do not currently constitute appropriate care [3].
To determine acceptable medical practice,
a medical expert may use their own education,
training, and experience, as well as any relevant medical literature and medical association
guidelines.
The standard of care may be difficult to establish, because of the many medical and allied

health professionals caring for athletes. The standard at any time is influenced by various sources,
including published statements from professional
associations, government policies, and state and
national government regulations [4]. The amount
of research and development of new treatment and techniques makes it challenging for
the sports medicine provider to stay up to date.
Without knowledge of the most current standards
and the incorporation of these into operating procedures and protocols, the sports medicine team
may be at risk for legal issues coming from personal injury lawsuits.

76.4

Role of a Team Physician

The National Collegiate Athletic Association
(NCAA) Sports Medicine Handbook outlines the
role of the team physician as follows: “The team
physician and athletic health care team should
assume responsibility for developing an appropriate injury prevention program and providing
quality sports medicine care to injured student-
athletes” [5]. The team physician is responsible
for minimizing athletic injuries by thorough
preparticipation screening, exemplary medical
care using state-of-the-art technology, and careful evaluation of athletes before return to play is
allowed.
The team physician is required to provide highquality sports medicine care and to minimize personal and institutional liability. Specifically, the
team physician’s duties include determining: (1)
the athlete’s medical eligibility for participation;
(2) the athlete’s medical eligibility to resume
athletic participation after injury; (3) the availability of medical services; (4) the supervision of
personnel providing athletic healthcare services;
(5) the selection of training practices with health
implications; and (6) protection against legal liability [6] (Table 76.1).
Expert testimony in sports medicine litigation usually focuses on whether the practitioner
adhered to the proper professional standard of
care and whether their care or advice was below
the standard of care and thereby negligently led
to injury.
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Table 76.1 The Duties of the Team Physician [5]
1. Determine the athlete’s medical eligibility for
participation
2. Decide the athlete’s medical eligibility and when to
resume athletic participation after injury
3. Organize the availability of medical services
4. Supervise personnel providing athletic healthcare
services
5. Advise on the selection of training practices with
health implications
6. Protect against legal liability

Professional teams and colleges usually hire
a physician or a group of physicians to provide medical care to their athletes. Many high
schools also select a physician to provide preparticipation physical examinations and emergency medical care to athletes participating in
athletics. A team physician provides medical
services to athletes that are arranged, or paid for,
at least in part, by an institution or entity other
than the patient or their parent or guardian [7].
Team physicians may or may not receive monetary compensation for their time. The team physician’s primary responsibility is to provide care
for the athlete and be mindful of the best interest of the athlete. Specific responsibilities may
include providing preseason physical examinations; providing medical clearance for an athlete
to play the sport; and diagnosing, treating, and
rehabilitating athletic injuries. The team physician may also be responsible for overseeing all
sports medicine services provided to a team’s
athletes and for the supervision of physician
assistants, athletic trainers, student assistants,
physical therapists, and nurses providing medical care to athletes.
Although one of the team physician’s responsibilities is to avoid the unnecessary restriction of
sports participation, their foremost duty should
be to protect the athlete’s health. Team physicians may face pressure from parents, coaches,
team management, fans, or the athletes to provide medical clearance to participate or treatment
enabling immediate return to play. However, the
team physician’s judgment should be governed
by current medical practice, instead of the team’s
need for the services of the player or the athlete’s
desire to play.

76.5
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Ethical Issues

Although ethics and the law are typically considered to be one and the same, it is important
to note that they can and often do differ. The
International Federation of Sports Medicine
notes “Although it is desirable that the law be
grounded in moral principles and that matters of
moral importance should be given legal backing
in many instances, not everything that is illegal is
immoral and similarly not every immoral behavior is against the law. Thus when speaking of ethics in sports medicine, one is not concerned with
etiquette or law, but with basic morality” [8].
When reflecting on what is the ethical thing to
do, keep three principles in mind: (1) make the
health of the athlete a priority, (2) never do harm,
and (3) always allow for patient autonomy [8].
In general, sports medicine physicians face two
main ethical dilemmas: confidentiality and conflicts of interest.

76.5.1 Confidentiality
Due to the responsibility sports medicine physicians have to the player and the team, confidentiality can be difficult to maintain. Team
physicians often have contractual duties that
require the sharing of player health with team
management [9]. It is natural that coaches and
owners within a sports organization want to
know health concerns regarding their athletes.
An athlete’s health status impacts coaches’
game plans and impacts organizations’ future
plans. Although athletes often sign paperwork
regarding this issue, it may not be fully comprehended among all the other forms and contracts
they are rushed to sign [9]. Both the athlete and
team physician should have an understanding of
the contractual obligations before any personal
health information is discussed. Even with the
contracts and forms that help with times where
medical information is shared, there will be
inevitable obscure situations. For example, when
should sensitive personal health information like
blood-borne infections, psychiatric conditions,
and substance abuse disorders be shared? [9].
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Additionally, athlete’s personal health information often come under the scrutiny of the
media, especially when injuries happen. The
sports medicine physician must put the athletes
right to privacy first. In conjunction with the athlete, the physician can decide what information
can be released for public distribution [8].

76.5.2 Conflicts of Interest
Because of the competitive environment, athletes
often feel immense pressure to perform and succeed, even more so after sustaining an injury.
Imagine the commonly referenced scenario
where an athlete tears his/her medial meniscus.
Although the tear is repairable, it presents two
conflicting choices to the athlete. They could
either (1) opt for a quick arthroscopic meniscectomy allowing them to return to play more rapidly albeit with a greater likelihood of developing
osteoarthritis in that joint or (2) a meniscal repair
resulting it a much longer recovery process but
a better long-term outcome [10]. Athletes due to
their unique situation because of contracts feel
both mental and social pressure to preform and
get better, so they can help the team and maintain
themselves as a valuable member. Similarly, the
physician may face outside pressures such as the
coach or team owner extolling for one medical
procedure or option. Helping the athlete understand the pros and cons of each medical option
in both the short and long term is one of the most
important ways physicians can ethically work
within these conflicts of interest. Understanding
the patient’s right autonomy is the key to making
a clear and ethical decision in a situation such as
this [11]. In contrast to a normal clinical setting,
informed consent becomes even more significant
due to the external pressures and influences.

76.6

 ractice and Game Coverage:
P
Medico-Legal Obligations

The medico-legal aspects of sport participation
dictate appropriate game and practice coverage

regarding the care of the athlete. The sports medicine team must be prepared to quickly take care
of any injury or emergency that could compromise an athlete’s health. All personnel who are
associated with medical coverage of practices,
competitions, skill instruction, and strength and
conditioning should be at least minimally qualified through certification in cardiopulmonary
resuscitation, first-aid techniques, and the prevention of disease transmission [12].
According to the 2014–2015 NCAA Sports
Medicine Handbook, an emergency action plan
should be in place for each venue and should
“incorporate roles and responsibilities of coaching staff, medical staff, spectators and others
during injury evaluation/response on the field,
to ensure appropriate first response and medical
evaluation. Institutions should have on file, and
annually update, an emergency action plan for
each athletics venue to respond to student-athlete
catastrophic injuries and illnesses, including but
not limited to, concussions, heat illness, spine
injury, cardiac arrest, respiratory distress (e.g.,
asthma), and sickle cell trait (SCT) collapses.
All athletics health care providers and coaches,
including strength and conditioning coaches,
sport coaches and all athletics personnel conducting activities with student-athletes, should review
and practice the plan at least annually” [5].
Although it may not be possible for a physician to be present at all workouts and practices,
properly trained personnel, such as a certified
athletic trainer, should provide prompt evaluation
and emergency care when warranted. Oversight
of these duties is the responsibility of the team
physician [13]. The NCAA Sports Medicine
Handbook specifically recommends that each
scheduled practice or contest of an institution-
sponsored intercollegiate athletics event, and all
out of season practices and skills sessions, should
include the presence of a person qualified and
delegated to render emergency care to a stricken
participant, and the presence of or planned access
to a physician for prompt medical evaluation of
the situation, when warranted.
An example of an improperly implemented
emergency plan is shown in the case of Mogabgab
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v Orleans Parish School Board [14]. In this case,
a high-school player sustained prolonged heat
stress during practice, which was not noted or
treated by the coaches in a timely fashion and
which led to his death. The facts reported in court
were dramatic, in that no medical professionals
were notified until an hour and 20 min after the
athlete became unconscious. Medical treatment
did not commence until approximately 2 h after
the athlete became symptomatic. This incident
shows that all members of the sports medicine
team, including coaches, must be prepared to deal
promptly with health emergencies. Institutions
sponsoring athletic events must ensure that they
have a written emergency action plan, and the
sports medicine team must be able to implement
it in the event of an emergency.
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should correlate with the type of potential risk
from the athletic event and at the particular location. Each program should have policies and procedures that provide a blueprint for actions that
need to be taken by any member of the sports
medicine team. The policies and procedures
documents should be written in conjunction with
legal council and appropriate medical and professional standards. The documents should include
not only a hierarchical system for evaluation
and treatment but also staffing and emergency
response protocols and procedures [5].

76.6.3 Informed Consent

Informed consent implies that the provider discloses the diagnosis, the nature and purpose of
any proposed treatment, the risks and benefits of
76.6.1 Risk Management
the treatment, any reasonably treatment alternaRecommendations
tives, and the prognosis if the proposed treatment
is not performed [17]. The landmark Canterbury
Risk management is the key for preventing law- case, and many of the cases decided in the 1970s
suits in sports medicine. Risk management is a regarding informed consent, called for disclomethod intended to prevent financial, physical, sure of information beyond what physicians
property, and time loss for a group or organiza- traditionally had provided for patients and what
tion. Factors proved to aid in risk management the law had required previously [18]. Despite
and liability reduction include maintaining the physician’s required explanation of prognoclinical competence, keeping accurate medical sis, a detailed statistical discussion of prognosis
records, and appropriate communication among is not required, and the courts have not required
sports medicine team members [15]. A well- physicians to provide detailed statistical infordesigned risk management program should cover mation on a patient’s prognosis or other aspects
four essential elements: compassion, communica- of the treatment that was performed [19]. The
tion, competence, and charting [16]. Maintaining team physician is best protected by documentclinical competence and keeping accurate medi- ing the following points when performing an
cal records are other important means to avoid informed consent with a patient: (1) an oral
liability for malpractice. Studies show that 70% review of all probable risks and documentation
of the medical litigations are caused by poor signed by the patient indicating that these risks
communication and attitude problems presented and benefits of the treatment were discussed;
by physicians or trainers [16].
and (2) a catch-all provision to the informed
consent that documents, in general terms, the
additional or other potential risks or injuries that
might occur and any reasonable treatment alter76.6.2 Policies and Procedures
natives [20]. When proper informed consent is
All sports medicine facilities and settings must obtained with proper documentation, it generhave written policies and procedures that are ally protects the institution and physician from
reviewed and practiced regularly. These plans successful litigation.
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Consent may be implied under certain circumstances, such as when an athlete is unconscious
from a concussion and needs emergency medical treatment [21]. In these cases, the law generally assumes that if the injured athlete had not
been injured, they would have authorized the
treatment.

at the end of a pickup basketball game. He had
documented ventricular fibrillation and returned
to sinus rhythm after electrical defibrillation. An
implantable cardioverter-defibrillator was placed
10 days after the cardiac arrest. Before the cardiac arrest, Knapp had accepted a basketball
scholarship at Northwestern University. The university’s team physicians disqualified him from
participation shortly after Knapp enrolled in the
autumn of 1995. The physicians determined that
participation in college basketball would produce
an unacceptable risk of sudden death and would
be contrary to the 26th Bethesda Conference
guidelines for participation with cardiovascular abnormalities. He was allowed to keep his
full athletic scholarship for 4 years. Knapp filed
suit that Northwestern University had violated
the Rehabilitation Act of 1973, which prohibits
discrimination against an athlete who is disabled
yet has the capabilities to play a competitive
sport. The court ruled in favor of Northwestern
University and emphasized that it is proper for
the team physician to rely on medical guidelines and recommendations such as the Bethesda
guidelines in clearing an athlete for participation.

76.6.4 Preparticipation
Examinations

76.6.5 T
 he Medicolegal Aspects
of Returning to Play

The sports medicine practitioner traditionally
conducts preparticipation physical examinations
(PPEs) of athletes seeking medical clearance
before participating in sports. The primary purpose of the PPE is to identify an athlete who may
be at risk of injury to themselves or others before
participation. The PPE has multiple objectives,
including collecting basic medical data, determining athletic eligibility, serving as a primary examination for medically underserved populations,
and enabling the detection of medical conditions
that may not preclude the athlete’s participation in
sports but still require attention [22].
The right to disqualify an athlete from athletic
participation during a PPE has been upheld in the
courts. This was the case in Knapp v Northwestern
University [23]. In this case, Nicholas Knapp, a
high-school senior, collapsed in cardiac arrest

After an athlete is injured, it is within the team
physician’s medical judgment to decide whether
the athlete can return to athletic participation
safely. The team physician has the primary duty
to protect the athlete and is charged with this
responsibility because of their relationship with
the athlete and association with the representative
institution [20].
Litigation may arise when a team physician
releases an athlete to return to play and subsequently the athlete sustains an additional injury.
The athlete may hold the physician responsible,
contending that they should have been withheld
from athletic participation [24].
In their 1990 lawsuit, Hank Gathers’ heirs
alleged that the team physician and consulting
specialists improperly cleared him to resume
playing college basketball with a serious heart

Informed Consent

The team physician is best protected by
documenting the following points when
performing an informed consent with a
patient:
1. An oral review of all probable risks and
documentation signed by the patient
indicating that these risks and benefits
of the treatment were discussed.
2. A catch-all provision to the informed
consent that documents, in general
terms, the additional or other potential
risks or injuries that might occur and any
reasonable treatment alternatives [20].
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condition. Plaintiffs also alleged not only that
the defendant physicians negligently diagnosed
and treated Gathers but also that the defendants
conspired to intentionally fail to inform Gathers
of the seriousness of his heart condition and of
the dangers of continuing to play competitive
basketball.
Some athletes have sued physicians for refusing to provide them with medical clearance to
play a sport. In Penny v Sands, Anthony Penny
claimed that a cardiologist was negligent for
withholding his medical clearance to play college
basketball with a potentially life-threatening heart
condition [25]. The defendant cardiologist diagnosed Penny as having hypertrophic cardiomyopathy and disqualified him from participation in
college basketball. Two other cardiologists were
consulted and agreed with the opinion. Central
Connecticut State University refused to allow
Penny participate in its basketball program for
2 years. Penny eventually got clearance to play
basketball from two other cardiologists. Penny
claimed economic harm to his potential professional basketball career because he missed out
from two seasons of college basketball. Penny
subsequently collapsed and died suddenly while
playing in a 1990 professional basketball game in
England. Although the malpractice suit was voluntarily dismissed after his death, it is unlikely
that a court would have awarded Penny’s survivors compensation for economic loss after team
officials accepted a physician’s prudent recommendation that an athlete with established cardiac
disease should be disqualified from competitive
sports to reduce the risk of sudden death [26].

76.6.7 Confidentiality

76.6.6 Dispensing Medications
to Athletes

In Chuy v Philadelphia Eagles Football Club,
a football player alleged that the team physician
defamed him by falsely informing the media
that he had a potentially fatal blood disease and
also caused him to suffer severe emotional distress [29].
At the beginning of each season, many institutions require athletes to sign a waiver to seek
permission to communicate the medical management of an athlete’s injury between the athletic
trainers, coaching staff, team physician, and the

When prescribing drugs to athletes, team physicians should comply with all laws regarding dispensation and record keeping and should follow
accepted medical practices regarding the appropriate type and dosage of pharmaceutical treatment [27]. Team physicians may be liable for
negligently prescribing anesthetics or painkillers
to athletes to accelerate return to play [15].

The Health Insurance Portability and
Accountability Act (HIPAA) regulates the way
the team physicians and members of the healthcare team communicate and handle patient medical information. Two categories in the final rules
of the HIPAA statutes that most likely affect the
sports medicine practitioner are consent for treatment and authorization to release information. It
is imperative that the team physician becomes
familiar with these, and all, regulations. Any
final interpretations of this act should be left to
the institution’s legal counsel and reviewed under
applicable state law [21].
Unauthorized disclosure of information about
an athlete’s medical condition to third parties
such as the media violates a physician’s ethical
obligation to maintain patient confidences [28].
In addition, such unauthorized disclosure may
expose the physician to legal liability for invasion of privacy and for defamation or intentional
infliction of emotional distress if the information
is false [29].

Physician’s Role in Confidentiality

Unauthorized disclosure of information
about an athlete’s medical condition violates a physician’s ethical obligation to
maintain patient confidences [28].
Unauthorized disclosure may expose
the physician to legal liability for invasion
of privacy and for defamation or intentional
infliction of emotional distress [29].
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rest of the sports medicine team. This waiver
does not allow for discussion with individuals
who are not involved in the management of the
athlete’s health care such as media, sports information departments, and so forth.

76.7

Summary

Legal issues in sports medicine are rapidly developing and establishing important body of jurisprudence that define the legal rights and duties of
all those involved with protecting the health and
safety of athletes. The law makes important distinctions between the relevant duty of care owed
to high school, college, and professional athletes,
because of the differing legal relationships that
arise out of athletic participation at different levels of competition. It is important to acknowledge and know your contractual obligations to
work within a legal and ethical framework.
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Sports Medicine Treatment Algorithm

Sports medicine legal cases usually focus
on two things:
1. Did the practitioner know the proper
professional standards when providing
medical care (i.e., is the physician CPR
certified)?
2. Did the practitioner perform the standard of care (i.e., can the physician perform CPR in the event of an
emergency)?
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77.1

 ental Health Among Elite
M
Athletes

mental health/wellness with elite basketball players discussed his concern with the mental well-
being of players. He is quoted saying, “We are
Basketball is one of the most popular sports in living in a time of anxiety… A lot of players are
the United States [1]. As such, media outlets reg- unhappy.” Many elite athletes, including elite
ularly broadcast the lives and decisions of elite basketball players, in the past decade have spobasketball players, which in many ways portrays ken publicly about their mental health struggles,
them as being very different from the general dispelling the myth that they experience life’s
population. From incredible salaries to constant difficulties differently from lay people. As such,
jet-setting, the impression the American public more research has been conducted to understand
often makes is that elite athletes are different. A the prevalence rates of mental health conditions
common misconception is that if one is finan- within elite sports.
cially stable and living out their dream, they must
A review of multiple studies demonstrates that
somehow be immune to mental health issues.
elite athletes share a comparable risk to high-
This idea that elite athletes have “nothing to prevalence mental health conditions when comworry about” has also permeated the culture of pared to those rates reported for the general
elite sports, as mental health was not always an population [3–8]. For example, the prevalence of
active consideration when evaluating a player’s depression and anxiety symptoms are similar
well-being [2]. Kevin Love, Center and Power- between elite athletes and non-athletes [9–12].
Forward for the Cleveland Cavaliers, wrote about Unfortunately, however, elite athletes are less
his experience with anxiety, admitting that “in likely to seek/attain help from a mental health prothe NBA, you have trained professionals to fine- fessional [13, 14]. In fact, many elite athletes’ first
tune your life in so many areas…but none of interaction with mental health professionals does
those people could help in the way I needed when not occur until they reach the elite level. It would
I was lying on the floor struggling to breathe be inaccurate to assume that this first encounter
[during a panic attack in November of 2017].” reflects a lack of symptoms prior to that first interEven the commissioner of the NBA, Adam Silver, action. While that may be true for some athletes,
who is known to have honest conversations about there is often historical evidence of symptoms that
impact players both on and off the court [15].
While research studies and anecdotal discloV. M. LaBode-Richman · P. Groenewal (*)
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sure demonstrate that elite athletes similarly
e-mail: vanessa@inspirewellnessnj.com;
experience mood and coping difficulties, athletes
pgroenewal@brooklynnets.com

© ESSKA 2020
L. Laver et al. (eds.), Basketball Sports Medicine and Science,
https://doi.org/10.1007/978-3-662-61070-1_77

969

V. M. LaBode-Richman and P. Groenewal

970

are dissimilar in ways that negatively impact their
mental health [6]. For example, athletes are often
under intense physical and mental demands
required for training and competition [8]. Elite
basketball players have high expectations to perform on demand, to adhere to a grueling travel
schedule, and to play well in a considerable number of games, which ultimately leads to few days
off throughout the season in most professional
leagues. The public is aware of how many games
are played, but is often naive to the volume of
training and recovery required to stay in elite
shape. Furthermore, most basketball games are
held at night. While this choice increases viewership (e.g., television), this schedule can also have
a considerable impact on athletes’ circadian
rhythm. Exercising so vigorously at night, traveling immediately following games, and the scheduling logistics of late-night activity (e.g., eating
pre- and post-games) can often times lead to poor
sleep hygiene.
While typical life stressors (e.g., family
responsibility, relationship issues) are often sufficient to take a toll on one’s mental health, the
combination of common life stressors in conjunction with those specific sport-related pressures may actually increase the risk of mental
health issues over the course of an elite athlete’s
career [16, 17]. Consider elite basketball players
who have not yet joined any of the top leagues
around the world. Many of these players still
experience some of the same pressures that a
more “successful” player might; however, they
do so without the significant advantage and benefit associated with the wealth most popular, elite
basketball players have. Now consider that elite
athletes are less likely to seek help when needing
to practice healthy coping or stress management.
Without the professional help often needed to
appropriately manage significant stress and pressure, individuals are left coping in the best way
they can, which may not always be sustainable or
healthy in the long term.
In support of this idea, research demonstrates
that there is an increased prevalence of eating disorders and disordered eating in elite athletes, as
compared to non-athletes [18]. Disordered eating

is typically understood to be a maladaptive coping strategy often utilized during moments of significant stress [19]. This is not only a health issue
but also a performance issue being that proper
nutrition is critical to attain peak performance.
Without mental health professionals’ added support, psychoeducation relating to mental pressure/stress, and implementation of successful,
healthy coping strategies, elite-athletes often
employ unhealthy strategies that neither provide
adequate relief or successful ways to manage
chronic, unrelenting professional demands.
Furthermore, research shows that higher levels of anxiety and depression are associated with
negative performance outcomes and skill errors
for elite athletes [20–24]. Without proper ways to
manage mood symptoms and pressure-related
issues, it is possible—and likely—that an athlete’s performance suffers, which may only add
to the already occurring mood and coping difficulties. In this way, those trained in sport psychology (e.g., sport psychologists) are particularly
equipped and trained to help athletes circumvent
this process by helping athletes understand the
relationship between mental health and performance, while also offering them tools for how to
best combat pressure, stress, and performance-
related anxiety [25].

77.2

 ental Health, Coping Skills,
M
and Their Impact
on Performance Among
Athletes

While poorly managed stress hinders performance, appropriate levels of anxiety and pressure
are necessary elements of competition [26, 27].
Anxiety is the physiological state that keeps an
individual engaged in a particular task, while
pressure influences his/her stress response [26].
Research shows that minimal anxiety and
pressure lead to boredom and apathy. This suggests that pressure and anxiety—albeit when
appropriately managed—improve performance
(Fig. 77.1). While the simplicity of this theory
has been criticized, a multitude of research sup-
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Fig. 77.1 The
inverted-U relationship
is depicted in the graph
above. Low levels of
pressure yield low
performance and
boredom, whereas as
high pressure yields low
performance, as well as
high stress, anxiety, and
unhappiness. The
inverted-U theory
relationship thus posits
that there is an area of
best performance
between low and high
pressure [27]

ports its claims [26]. Furthermore, this theory is
often a great starting point in helping athletes
build self-awareness. The ability to use mental
skills always starts with the ability to self-assess.
When an athlete’s anxiety is outside of the
optimal range of performance, their cognitive
skills can suffer. In basketball, visual search is a
skill whereby an athlete is able to predict the
direction of the ball [28]. Anxiety regulation is
particularly important for this skill, because so
much of visual search is related to how quickly
one can process information in the moment [28].
Processing speed, how quickly one can synthesize information, is a neurocognitive construct
consistently shown in research to be negatively
affected by anxiety [28]. If an elite basketball
player is slow to predict placement of the ball or
positioning of other players, it is fair to assume
personal performance, as well as the ability to
assist teammates, will suffer. While anxiety will
always be part of competitive sports, effective
coping skills allow players to perform at a high
level despite the stress they experience.
Generally, in order for athletes to better manage their stress and anxiety level, they must learn

to exercise psychological flexibility, so they can
adapt to the demands of a specific situation, while
still holding true to values they personally identify with [29]. In other words, it is important that
athletes remember that life does not occur in a
vacuum. Professional demands will occasionally
confront personal beliefs they hold [29]; however, by maintaining a healthy perspective, elite
athletes can learn to reconcile those competing
ideas and cope with them in ways that do not
impact their athletic performance or overall anxiety level.
Process-focused approaches in conceptualizing improvement also tend to be better for
managing stress as compared to outcomefocused approaches [30]. Athletes with an
outcome-focused approach are concerned with
their statistics (e.g., how many points they
scored, how many rebounds they had). While
statistics can be utilized to determine the success of a game, they do not always reflect an
athlete’s impact on the game. In fact, increased
focus on statistics can thwart progress and
improvement, as it can lead to development of a
performance-based identity—the belief that a
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person’s value is determined by the “stat lines.”
By focusing solely on outcome, tracking metrics tend to be binary (e.g., win or lose, faster or
slower), which tends to oversimplify the process of improvement.
Conversely, by focusing on the process of
improvement, multiple metrics and how they all
relate can be used to track progress, which
allows for appreciation of dynamic and complex
interrelated variables. This allows the athletes to
separate their identity from their performance/
behavior. In other words, athletes’ identity
remains intact even in the face of poor performance, which allows them to remain highly
motivated to identify and work on skills contributing to poor performance. For instance, after a
game in which athletes do not meet their performance expectations (e.g., a player who typically
averages 20 points/game only scores 2 points in
a particular game), the athletes evaluate their
process and considers what they can do differently in order to improve their performance.
While reviewing film with a coach, they realize
they were hesitating and settling for low percentage shots. Their goal for the next game is to
focus on taking shots from three high percentage places on the court and using mental skills
that remind him of the permission to shoot.
Throughout this process, the players’ identity
remains intact because their value is not based
solely on their stats.
Finally, self-compassion is integral toward
building resilience [31]. Resilience, the ability
to adapt and cope with disappointment, failure,
and/or frustration, is the variable that allows an
individual to improve performance even while
experiencing distress [32, 33]. It is important
that athletes practice self-compassion, particularly when conceptualizing failures and frustrations, as seeking perfection is not a healthy
motivator for athletes or their support team.
Building self-compassion can begin with conceptualizing and preparing for mistakes. Even
pointing out that an athlete will need to prepare
for mistakes can be a start. Planning for “when”
they make a mistake and not “if” they do helps
prepare them for that moment, so that they can
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effectively manage the feelings and thoughts
associated with making errors without it impacting too much of their performance afterward.
Perfection is not realistic and does not define
even those athletes we consider to be the “greatest of all time.” Resilience can be taught and
practiced [34], so that no setback ever feels
insurmountable. In order to encourage athletes
to practice resilience and combat competitive
anxiety, appropriate mental skills must be
learned and implemented.

77.2.1 Goal Setting
Goal setting requires athletes to create a clear
understanding of their goals and the process they
need to commit to in order to reach their goals.
Goal setting helps to improve motivation and
accountability [35–38]. Players who want to
improve their drives to the left can identify specific skills as their objectives (e.g., dribbling with
their left hand, finishing with their left hand) and
can assess growth by measuring the percentage
of shots made after driving to the left under pressure. This strategy allows the athlete to gain a
clear understanding of whether they are making
progress. It also allows them to change their process when progress is not being made. It is important to always highlight that lack of success does
not reflect deficient skills or ability, as lack of
success may instead be due to ineffective
process.

77.2.2 Relaxation
High levels of anxiety increase arousal, which
can negatively impact performance. Heightened
anxiety can occur due to the pressure of intense
competition and performance demands, but also
due to pressures off the court. In order to lower
arousal and stimulate the parasympathetic nervous system, relaxation strategies are used to
reduce feelings of excessive pressure or somatic
anxiety (e.g., gastrointestinal distress, headache)
[39–41]. It is difficult to remain focused on
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demands that may be changing moment-to-
moment if anxiety is elevated. For example, deep
breathing in moments of stress is a common
relaxation technique utilized. Relaxation skills
can help players calm their body and mind and
allow them to focus all of the effort on the play at
hand.

77.2.3 Activation
Mood symptoms can sometimes yield moments
of apathy, lethargy, or low energy. As such, activation skills are utilized when athletes need to
increase their arousal or simulate their sympathetic nervous system [39, 40, 42]. Being below
the optimal range of performance can leave a
player looking slow and disengaged. This can
also lead to sporadic performance after stoppages or breaks. For instance, players with difficulty maintaining effective levels of energy
while sitting on the bench can benefit from a
fast-paced jog when heading to the scorer’s
table or by taking a few intentionally hurried
breaths.

77.2.4 Imagery
Imagery is an important psychological skill that
can be helpful in conjunction with physical
training, but also independently, particularly if
an athlete is injured and unable to train/play.
Research consistently shows that this skill can
be practiced and improved [37, 43–45]. Players
can utilize imagery between games to mentally
practice skills as a game preparation strategy,
while on the bench, and as a post-game strategy
in an effort to quickly move on from mistakes.
Imagery can also be coupled with physical training for the purpose of skill acquisition, as well
as when they need to remain off-legs, for example, on recovery days or while recovering from
injury. For example, players can picture themselves taking a shot successfully and then also
envision themselves successfully taking the
same shot with an “obstacle” (e.g., having their
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view obstructed by another players’ hand in
their face, being off-balance). Envisioning success in ideal situations, as well as those situations that have real-world challenges, can allow
a player to feel more prepared during real-time
games and training.

77.2.5 Self-Talk
Self-talk is using positive, reality-based dialogue
with oneself in a direct, assertive fashion. Self-
talk has been shown to impact thoughts, attitudes,
and behavior. Research supports the idea that
effective self-talk has a positive impact on performance and optimal levels of arousal [46–48].
Players often intensely focus on their offensive
statistics and are often eager to utilize self-talk in
relation to missed field goals. After a missed shot
they might say to themselves, “next one’s going
in” in order to let go of the miss and move on to
the next play.

77.2.6 Attentional Control
Attention is the crux of focus and mindfulness. Attentional training is done to allow an
athlete to stay mentally on-task, particularly
in times of high stress. The ability to maintain
attention on a preferred stimulus, rather than
allowing attention to be dictated by potentially discouraging thinking patterns and
increased arousal level is important. Research
supports that attentional control is a skill that
often translates to more effective performance
[49–52]. Attentional training is not only for
on-the-court demands. Players require a great
deal of focus in training and everyday life.
They benefit greatly from learning how to
minimize distractions and direct their focus
where it is most needed. There are many apps
and devices that can be helpful for athletes
working on their attentional control, which
include (but is not limited to) biofeedback
devices (see appropriate section below for
more information).
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77.2.7 Emotional Control
Emotional control skills foster the ability to
effectively manage frustration and other negative
emotions. This is imperative for professionals
who need to perform at high levels in the face of
extreme stress. By exercising emotional control,
arousal management is practiced, which is
needed for athletes to remain in the optimal range
of performance [51, 53–55]. Strategies for managing emotional control can be helpful for the
player who frequently gets angry with others. For
instance, these players might have difficulty
making foul shots if they lose focus when angry.
Emotional control skills are also important for
the players whose anger turns inwards—who
becomes angry or disappointed in themselves
after a missed shot or when they are not performing at their best. While the player in the latter
example may have fewer outward displays of
emotion, emotional control skills can still help to
remedy the issue, so long as the interplay between
emotionality and performance is identified.

77.2.8 Automaticity
The skill of automaticity can be understood as
being what allows us to perform activities without

deliberately planning out each step [56]. An everyday example is driving a car. While first learning to
drive, one must remember “gas is on the right,
brake is on the left” in addition to many other
logistical steps needed for successful driving;
however, after 5 years of driving, many of us can
remember pulling into our parking spot at home
without much memory of the many steps it must
have taken to get there. For athletes, it is important
for them to learn how to maintain a high level of
performance without consciously thinking about
the logistics of each sub-task that is being performed, as thinking can sometimes disrupt the
flow of movement and skill [37, 55, 56].
Practicing other mental skills can also aid in
developing automaticity. For instance, mental
imagery can alter the mind similarly to actual
physical practice in some ways, which can allow
an athlete to reach automaticity sooner. For
example, a player trying to find high percentage
shots in a new offensive system will benefit
greatly from actually practicing within that system in addition to utilizing mental imagery to
mentally run through the plays on days when
physical run through is not possible. Becoming
more automatic with these newer plays reduces
the cognitive demand and allows the players to
allocate more of their mental energy on finding
their best shot.

Fact Box 1 Mental Skills
Mental skill
Goal setting
Relaxation
Activation
Imagery

Definition
Athletes create short-term and long-term goals to work toward
Techniques are used to reduce feelings of stress and anxiety
Activating one’s energy level in order to reach the optimal state of performance
A preparation strategy that helps an athlete imagine the barriers and successes of competitive
performance
A positive, reality-based dialogue with oneself in a direct, assertive fashion
The ability for an athlete to stay on-task and focused during times of high stress

Self-talk
Attentional
control
Emotional
The ability for an athlete to regulate their emotions and effectively manage feelings of
control
frustration or negative emotions
Automaticity An instinct that allows athletes to perform skills without deliberately planning each step
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Fact Box 2 Pressures Affecting Elite
Basketball Players
Pressures experienced by elite basketball players
Physical Intense physical conditioning,
weight-lifting, practices, games,
experience of physical injuries, and
rehabilitation process
Mental Being in the public eye, increased
scrutiny and judgment, the effects of
social media, limited social support,
the potential for injuries

77.2.9 Coping Skills and Technology
Biofeedback is a technique utilized to teach individuals how to control some of their body’s functions and reactions, such as heart rate [57]. By
being hooked up to electrical sensors, individuals
can receive information about their bodies noninvasively. This feedback allows for subtle changes
in the body to be made by practicing skills, such
as relaxation, imagery, and emotional control.
Over time, practicing coping skills in conjunction
with monitoring physiological arousal can help
athletes learn what the optimal level of anxiety or
pressure feels like, while also learning how to
objectively measure the progress of their coping
skills training [57]. Research shows that heart rate
variability biofeedback can lower anxiety, which
is related to performance optimization in basketball [57]. Players can utilize biofeedback devices,
such as heart rate variability monitors, as a mindfulness habit or even as a pre-game strategy in
order to focus their attention on the game at hand.

77.3

Mental Health
and Overcoming Injury

With the opportunity to play sports at the elite
level comes the risk of significant injury [58].
While ongoing training and conditioning aim to
minimize strain and damage done by intense
physical demands, injuries are unfortunately
sometimes unavoidable [58]. There is significant
physical rehabilitation required of an athlete following an injury to be able to return to play; how-
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ever, physical rehabilitation is only part of what
is required so that an athlete can return to competition and perform as well as they had. Injury,
while often orthopedic, also has a psychological
and cognitive component that athletes must also
overcome [59, 60]. To further understand the
many factors impacting an athlete’s sport injury
risk, refer to Fig. 77.2. While studies are minimal
in demonstrating this relationship among elite
athletes, preliminary research does support this
theory [61].
Following injury, athletes tend to experience
both cognitive and emotional responses [62, 63].
Cognitive responses relate to how thinking is
changed by the injury. Emotional responses are the
mood symptoms that often interfere with normal
functioning. Typical cognitive responses to injury
often include concerns about re-injury, doubts
about competency, low self-efficacy (the idea that
they can overcome the challenge), loss of identity,
and concerns about the competency of those providers treating his/her injury [64, 65]. Emotional
responses to an injury can include sadness, depression, suicidal thinking, anxiety, amotivation, anger,
irritation, frustration, isolation, changes in appetite
and/or sleep, low vigor, disengagement, and burnout [58, 66]. The stress associated with injury
recovery is more than just the pain and discomfort
associated with the injury and the rehabilitation
process [62, 63, 67]. Often times the distress experienced following an injury is most related to the
concern of whether a player will fully recover to
reach their full performance potential. Generally,
players who have not yet made the professional
leagues begin thinking about whether teams will
see them as “prone to injury,” whereas players
already in the professional leagues are concerned
about their next contract.
In support of the theory that injuries are both
physical and psychological, research demonstrates that physical rehabilitation in conjunction
with psychological intervention yields the best
outcomes for returning to play [58, 68]. For
example, concussions predicted to improve
with rest alone can also lead to postconcussive
(e.g., fatigue, somatic pain) and mood symptoms
(e.g., anxiety, depression), which most often are
related to new or previously untreated mental
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Fig. 77.2 Sport injuries
and the risk associated is
related to what athletes
are exposed to, hazards
they face, and choices
they make. Internal (i.e.,
biological and
psychological) and
external factors (i.e.,
physical and
sociocultural) contribute
to the overall risk of
injury that an athlete
faces [84]

health issues, rather than to the physical injury
itself [58, 68–70]. With time, these individuals
do not fully recover following what is medically
deemed appropriate treatment, and symptoms
will remain unresolved until the individual participates in psychological intervention [71].
There are many factors associated with poor
injury outcomes, should adequate psychological
support and resources not be provided. Those
factors include anxiety, worry, low mood, hypervigilance, poor body image, low self-esteem, perfectionism, limited coping strategies, stressful
live events, and history of risk-taking behavior, or
trauma [58, 68, 72]. Additionally, sport teams and
organizations can also impact outcomes post-
injury, as psychological effects of injury are also
associated with limited social resources, social
pressure, organizational stress, negative self-
appraisal of athletic performance, coaching quality, and the culture of the sport and related teams
[58, 68].
Screening for mental health disorders is always
recommended following traumatic musculoskeletal injury [73], as traumatic injuries—such as

ACL tears—can often lead to manifestation of
significant behavioral and emotional difficulties.
For example, traumatic injuries can sometimes
lead to kinesiophobia, the irrational and debilitating fear of physical movement and activity stemming from a feeling of vulnerability and/or
susceptibility to pain, injury, or re-injury [59].
Due to the level of avoidance that often accompanies this type of fear, it is important to (1) teach
athletes the purpose of pain, as well as the types of
pain they may experience during successful healing, (2) practice strategies for pain management,
(3) help them reduce the proclivity to catastrophize, and (4) encourage them to work through their
fear. Providing them with the support and
resources needed to promote trust between athletes and their support team will allow them to
recover in a way where they are both prepared
physically and mentally to return to play. For professional athletes in particular, trust can be difficult to build. Generally, the individuals employed
to rehabilitate players are the same individuals
offering opinions regarding the long-term physical health and durability of the athlete. This makes
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Fig. 77.3 The biopsychosocial pathways of injury
response and recovery are the dynamic interplay between
cognition, affect, outcome, and behavior. Within each
domain is a variety of factors that inform how an athlete

acts and perceives the world. Only by understanding each
factor’s impact can professionals fully appreciate the
potential response to injury an athlete may have [58]

having a good working relationship before the
injury imperative. It also points to the need for a
clear plan and honest conversations throughout
the rehabilitation process.
Although there are several risk factors for
recovery outcomes, there are also various protective factors associated with improved recovery
following an injury. Examples of these factors
include higher levels of optimism, self-efficacy,
and lower levels of depression and stress [60,
74–80]. As such, mental health professionals
trained in sports psychology often implement and
practice strategies with athletes that ultimately
provide players with some of these protective
factors relating to healthy recovery outcomes.
For example, professionals can help reduce re-
injury anxieties using modeling techniques. This
particular strategy can be executed by watching
videos of formerly injured players discussing
how they overcame re-injury anxieties or by pairing an injured athlete with an athlete proficient in
rehabilitative exercises [79, 81, 82]. Additional
strategies that help promote healthy recovery following an injury include fostering independence,

building confidence through goal-setting, building and encouraging the use of social support,
and encouraging to remain mentally active with
the sport (while also discouraging premature
return to play) [79, 81, 82]. Refer to Fig. 77.3 to
further review the dynamic pathways of injury
response and recovery.
While microcounseling skills such as attending, active listening, empathy, and reflection can
be effective when utilized by all professionals,
they can be particularly helpful for physicians.
These skills are proven to be effective and help
enhance the psychological well-being of injured
athletes during the rehabilitation process [83].
But as with many treatment approaches, this
work requires a collaborative, team approach.
Surgeons, physical therapists, athletic trainers,
sport psychologists, and coaches can partner with
the athlete to create an interdisciplinary plan that
allows the player to feel empowered and encouraged. For the athlete, this level of support will
help to facilitate better trust and confidence that
returning to their pre-injury level of performance
is attainable.
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77.4

Final Thoughts

Physical training and performance have been
touted as the necessary components to elite athleticism; however, more recently, mental health
and resilience have been highlighted as areas
imperative for athletic success. Basketball players, like all athletes, are susceptible to mental
health disorders and general mental health issues.
These issues may be long-standing or acute,
related to off-the-court pressures, performance
pressures, or a complex combination of both.
Regardless of where these pressures originate,
these mental health issues are likely to have a
negative impact on performance. Fortunately, the
same techniques that are effective in performance
training strongly overlap with therapeutic techniques. It is important that teams and players
connect with appropriately trained mental health
experts to ensure that players are effectively managing the mental demands of their careers and
lives. While the demands of an elite basketball
player will always be great, developing and practicing mental skills and coping strategies allow
players to successfully manage these pressures,
while also help them to remain motivated and
optimistic through training, competition, and
injury recovery.

Fact Box 3 Sleep Hygiene Strategies
Recommended for Elite Athletes

• 
Remove the bedroom clock from the
room
• Avoid drinking coffee or alcohol
• Try to go to bed at the same time every
night
• After 15 min of not being able to fall
asleep, attempt a different strategy
• Be aware of the quality of food intake
and the timing of meals
• 
Take naps that do not interfere with
maintaining good sleep hygiene (e.g.,
45 min or less and avoid taking naps in
the afternoon)
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78.1

Sport Psychology
in Basketball: Performance
Under Pressure

Phil Jackson, one of the all time greatest coaches
in the game of basketball, once said: “Basketball
is a complex dance that requires shifting from
one objective to another at lightning speed. To
excel, you need to act with a clear mind and be
totally focused on what everyone is doing” [1].
The attention span (and the performance as a
result) of a basketball player fluctuates throughout the development of a game: the length of the
game, the essential cerebral activities, the variety
of involved areas, and the different types of analyzed information make the synchronization
complicated.
The first part of this chapter focuses on the
importance of perception behavioral control and
its connection to the attentive system [2] to analyze basketball performance and explains how
players’ shooting percentage is influenced by
gaze behavior and quiet eye period. The relationship between attentive processes and anxiety will
be argued by the theory of Eysenck’s careful control [3] to understand how it affects performance.
When anxiety is perceived during the pursuit of a
goal, it causes the individual to shift his or her

attention to the search for the cause, which is a
source of anxiety, and alerts him in an attempt to
adopt a resolution strategy [4].
The second part of the chapter focuses on the
relationship between stressful situations, coping
strategies and basketball performance. Regardless
of how technically and physically trained a player
is, stress can affect and alter the shooting mechanism, and thus, the probability that he or she will
score is reduced considerably. In all stages of
play, there are difficult and potentially stressful
situations [5].
The third part of the chapter analyzes and
focuses on different coping strategies adopted
during basketball games and their potential efficiency in sports performances. Coping strategies
are constant cognitive and behavioral changes
used to try to handle specific or excessive
demands on the person’s resources as the attention is focused on attempting to tackle or avoid
the problem. To understand when and why players should adopt engagement coping strategies or
disengagement coping strategies. Engagement
coping refers to managing a situation through
active coping strategies and coping with the
problem, and disengagement coping involves
coping strategies of distance or distancing one’s
self from the situation. This chapter explains several variables that influence coping strategy preferences of basketball players in play-by-play
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situations, managing stressful factors during
games.

78.2

Perception Behavioral
Control, Attentive Systems,
and Gaze Behavior
on the Basketball Court

“Basketball is a complex dance that requires
shifting from one objective to another at lightning speed. To excel, you need to act with a clear
mind and be totally focused on what everyone on
the court is doing. Some athletes describe this
quality as “the cocoon of concentration [1].”
According to Phil Jackson, one of the game’s all
time greatest coaches, players need to become
more aware of what’s happening ‘right now’, this
very moment. The secret is not thinking and
calming the continuous overlap of thoughts in
such a way that the body instinctively does what
it is practiced to do without the mind getting in
the way”. All of us have had flashes of this sense
of uniqueness when we are completely immersed
in the moment, in symbiosis with what we are
doing” (Phil Jackson) [1].
Antonio Damasio’s publications on neuroscience argue how to defuse a dangerous stereotype on how our brain works regarding the
perception of events [2]. The nervous system
processes a wide variety of sensations: sounds,
images, flavors, scents, etc. However, these sensations are processed in several different cerebral structures, and not just in one designated
area. “The usual metaphor has something to do
with a large CinemaScope screen equipped for
glorious Technicolor projection, stereophonic
sound, and perhaps a track for smell too”
(Antonio Damasio) [2].
This idea of a coherent cinematographic projection on one unique film is a false intuition.
Damasio and others claim that we do not have an
area in our brain capable of processing all the
perceptions that hit us at the same time from the
various senses. Our experiences (full of sounds,
movements, shapes, and colors) are the result of
the integration of several neural activities, which
are perceived as coherent and simultaneous. Any

form of integration of different systems must take
into consideration time as a factor, or, in other
words, the timing in which such integration
occurs.
If it takes a very short time frame to integrate
all the cerebral activities in different areas of the
brain, it may be possible to obtain a coherent and
integrated “script” unique to us. It is a matter of
timing, which is essential for an efficient integration of these cerebral activities. “When the brain
integrates separate processes into meaningful
combinations by means of time, it is a sensible
and economical solution but not one without
risks and problems. The main risk is mistiming.
Any malfunction of the timing mechanism would
likely create spurious integration or disintegration” (Antonio Damasio).

Fact Box 1

“The attention span of a player fluctuates
throughout the development of a game.”

One example in basketball is in man-to-man
defending situations. The defending player, uses
multiple channels of collection of sensory inputs
in order to know how to position himself defensively in the most effective way. He uses, for
example, both visual inputs (to see where the
opponent and the ball are) and tactile inputs
(touching the opponent to understand the positioning and/or timing of a possible cut to the basket) in an integrated manner to detect the position
of the player he is defending against.
If the opponent is in one side and the ball is on
the opposite side, the defender is forced to a continuous rotation of the head in order to maintain
as much visual contact as possible with the opponent as well as the ball and other players’
movement.
The speed of analysis and integration between
(1) the visual information that the defender has
collected about opponent player positioning
before the cut to the basket, (2) the visual information collected during the cut to the basket, and
(3) the tactile information collected during physical contact with the opponent who is going to the
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basket require processing and integration of this
information. The brain integrates separate processes into meaningful combinations by means
of time. The timing and effectiveness of processing and integration of this information considerably conditions the locus of control of the player
in that specific game situation.
Thus, it is understood why the attention span
(and the performance as a result) of a player fluctuates throughout the development of a game: the
length of the game, the essential cerebral activities, the variety of involved areas, and the different types of analyzed information make the
synchronization complicated. Therefore, one of
the main variables that influence our experiences
in relation to the situation we are in is the perceived behavioral control. The perceived behavioral control is linked to the perception of
self-efficacy, which is extremely useful to any
performance.
Ajzen introduced the construct ‘perceived
behavioral control’ into his theory of planned
behavior as a determinant of both behavioral
intention and of the behavior itself [6]. On a
conceptual basis, perceived behavioral control
is similar to self-efficacy—both constructs refer
to the person’s belief that the behavior in question is under his or her control—but, operationally, perceived behavioral control is often
assessed by the ease or difficulty of the behavior
(e.g., ‘I find it difficult to exercise three times a
week’), while self-efficacy is operationalized by
the individual’s confidence in being able to
carry out the behavior in the face of extenuating
circumstances (e.g., ‘I am confident that I can
exercise three times a week even when I am
away on vacation’).
The lack of order and the lack of the perception
of behavioral control increase our level of anxiety
and affects our perception of self-efficacy [7, 8]:
First, it reduces the ability to process and absorb
information from the memory’s executive center.
During performance under pressure, motivation
can decrease, and physical fatigue frequently
increases to demand auxiliary strategies such as
running less or start thinking “how can I save
energy for the fourth quarter?” [9]. This effort of
compensation aims to m
 aintain our performance-
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oriented resources by reducing or eliminating
apprehension of alarming thoughts of the negative
consequences of a poor performance [10].
Basketball performance and shooting percentage are directly correlated. As argued by
Joan N. Vickers [11], gaze behavior is determinant to analyze players’ free throw percentage.
Gaze behavior of elite basketball athletes was
determined as they performed 10 accurate and
10 inaccurate free throws (FTs) to a regulation
basket wearing an eye tracker that permitted normal accuracy. Experts (mean FT = 78%) differed
significantly from near experts (mean FT = 56%)
in having a longer fixation on the target combined with an earlier fixation offset during the
shooting action. In this study the gaze behavior
of elite basketball subjects was analyzed as they
performed successful and unsuccessful free
throws. The free throw is a complex targeting
skill that requires the integration of visual information gained through overt shifts of gaze with
effector movements that carry out the aiming
movement. Ramat, Schmid and Zambarbieri
[12] defined gaze as the absolute position of the
eyes in space and depends on both eye position
in orbit and head position in space. According to
their model, sensory information is received
from the environment, with a voluntary generating of commands that direct the gaze according
to the goals and intentions of the individual. At
the lower levels, the head, body, and oculomotor
control systems act as one closely coupled system [13]. When an individual orients his or her
gaze to a far target such as a basketball hoop, the
most common movement of the eyes is a
sequence of events in which the eyes move prior
to the head. Gauthier et al. [14] explained that
the head follows because of its greater inertia,
with the eyes localizing the target first and visual
discrimination beginning immediately and maintained on the target even though the head is moving. The movement of the eyes and head is
normally smooth, with the processing of information occurring as soon as the eyes stabilize on
the target. Gaze behavior in the basketball free
throw was therefore defined as the manner in
which individuals moved their heads and eyes to
take in available information while preparing
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and executing the free throw. Gaze behavior has
been specified by the frequency, duration, onset,
and offset of gaze behaviors in the targeting
environment, across phases of the aiming movement [11].
The efficiency with which athletes process
information when they are anxious is, however,
reduced, and the risk of poor performance is not
excluded [15–17]. In an experiment, ten players
were asked to perform several free throws in two
different experimental conditions structured to
manipulate the level of anxiety experienced during execution [9]. An ASL Mobile Eye Tracker
measured the direction at which the players were
looking and their point of focus while shooting
at different situations with different levels of
anxiety. It turned out that in shooting situations
where the level of anxiety is greater, there is a
significant reduction in the duration of the quiet
eye period and the percentage of marked pots.
Quiet eye period (QE) was defined as that portion of the final fixation from onset to the first
observable movement of the hands into the
shooting action (preshot). QE is an objective
measure of the location, onset, offset, and duration of the gaze recorded while the participant
performs a motor skill [11]. During QE, fixation
or tracking is maintained on a specific location
or object in space [18].
Players’ shooting percentage in basketball,
as well as performance in other sports such as
golf,, are influenced by quiet eye period [19,
20]. “There may be a number of mechanisms
through which the QE impacts upon putting performance, consisting of both visuomotor control
and psychological control elements. First, as
highlighted for simple reaching and grasping
tasks; well-learned visually guided tasks; and
sport skills [18], the motor system tends to be
more accurate when provided with timely information about targets from the gaze system. In
effect, by holding a ball-focused QE throughout
the putting stroke and through impact, golfers
are able to ensure a more accurate contact with
the sweet spot of the putter, ensuring more consistent ball strike. Second, information about
the location of the hole may be more effectively
stored in a visual memory buffer by maintaining

a steady gaze on the ball, as this strategy reduces
potential distractions from other visual sources
and therefore allows this information to guide
accurate putting performance [19]. Moreover,
the movement parameters (e.g., direction, distance, and force), as well as the timing and co-
ordination of the arms, are fine-tuned in this
crucial period of cognitive pre-programming
leading to a more effective putting technique
and successful performance [20]. Third, the QE
may provide the “external focus of attention”
described by Wulf (2007) [21] or the “external
cue” described in Singer’s (2002) five-step preperformance routine [22]. Singer advocates
focusing on an external cue to prevent athletes
from focusing on internal or external distracters,
negative thoughts, or the mechanics of skill execution [23]. As the stimulus-driven attentional
system is more active when performers are anxious [24], such internal and external distracters
are more likely to influence pressure putts. The
QE may therefore also help provide a focus on
what is controllable (ball strike) rather than
what is not (a successful outcome) when golfers
are under pressure. Fourth, the QE may simply
help produce a general quiescence of the psychomotor system. Previous research has demonstrated that superior visuomotor performance is
reflected in increased psychomotor and neural
efficiency [20].”

Fact Box 2

“The lack of order and the lack of the perception of control increase our level of
anxiety and affects our perception of
self-efficiency.”

Players’ shooting percentage is influenced by
quiet eye period because anxiety reduces the
visual control needed for the individual to select
a specific point of visual focus and keep it fixed.
Instead, when the player is conditioned by
anxiety-provoking stimuli, he or she tends to look
at multiple visual targets, staring for a very short
duration.
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The theory of Eysenck’s careful control [24]
argues that the effect of anxiety on the attentive
processes is crucial to understanding how it
affects performance. When anxiety is perceived during the pursuit of a goal, it causes
the individual to shift his or her attention to the
search for the cause, which is a source of anxiety, and alerts him in an attempt to adopt a
resolution strategy [4]. Consequently, cognitive resources are directed toward anxiety-
inducing stimuli and not those relevant to the
objective to be pursued, whether these stimuli
come from outside such as environmental distraction factors (i.e., the public)—or from the
inside, such as negative thoughts like, “I hope
I don’t make a mistake” [24]. Reduction in
attentive control leads to discontinuity in the
balancing of two attentive systems: a focused
top-down system and a bottom-up stimulation-
driven attentive system. Generally, anxiety is
associated with an increase in the influence of
the attention-focused system on stimulation
and by a decrease of the influence of the attention system toward the goal [24].
In conclusion, this study [9] demonstrates why
a basketball player who is experiencing performance anxiety will probably have a poor performance due to a dysfunctional attentive variation:
in an ideal situation, the player manages to maintain his gaze fixed on a single eye (quiet eye
period), while a player who is experiencing a lot
of performance anxiety will shoot and look at
multiple points of the target (i.e., around the basketball rim) for short fractions of the second. The
basic lesson of “watching” is not only functional
to the tactical component of the game but also
integrated with the psychological one.

78.3

Stressfull Situations
and Coping Strategies
in Basketball

In basketball, the diameter of the rim is about
45 cm, and the diameter of the ball is about
24 cm. Regardless of how technically and physically trained a player is, stress can affect and alter
the shooting mechanism, and thus, the probabil-
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ity that he or she will score is reduced considerably. In all stages of play, there are difficult and
potentially stressful situations. Stressful situations in sports can be grouped into five macro
categories [5].
1. The first category is for high-pressure situations with the expectation of high-level performance, or national/international standards.
High-pressure situations with the expectation of high-level performance can be promoted by technical staff, management, third
parties, or by the athletes themselves, and
they put the player at risk of playing to
reward his or her imaginative (and pretended)
performance.
2. The second category of stressful situations are
related to personal interactions and problems
with the coach, teammates, or other people.
3. The third category relates to conditions set by
the sports organization to the player: (A) if the
practice/match is too demanding with respect
to the athlete’s interests; (B) if the commitment and sacrifice requested are too high in
relation to the athlete’s availability; (C) if the
player is not financially compensated or experiences economic problems; (D) potentially
stressful situations in relation to media-
derived pressure and the relationship with the
media.
4. The fourth category relates to situations in
which players are asked for specific psychological abilities in order to face situations of
high professional competitive stress and performance anxiety.
5. The fifth category relates to physical demands:
(a) Body performance
(b) Recovery, not only from and due to
injuries
(c) Weight and/or dietary regimen
Why focus on these five categories of stressful
situations in sports? First, because they are fundamental to evaluate (and recruit) a professional
player. Second, because player abilities to play
under pressure, in different stressful situations,
influence his/her performance during games and
competitions [25].
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Fact Box 3

“Even if a player is technically and physically trained, his basketball performance are
constantly influenced by adopted coping
strategies, while playing under pressure.”

Hence, mental abilities and psychological
resources must also be evaluated when assessing
a player. The fact that predicting the course of the
season in advance is impossible does not mean
that it is not worth gathering as much information
as possible about how to deal with or avoid stressful situations for the player: analyze coping strategies [26]. Coach Phil Jackson summerized some
of his views regarding players’ assessment and
developmental process: “My biggest concern
about recruiting players right out of high school
has always been the temptations of NBA life.
Many young players get so seduced by the money
and fame that they never develop into mature
young men or live up to their promise as athletes.
In my view, the key to becoming a successful
NBA player is not learning the coolest, highlightreel moves. It’s learning how to control your
emotions and keep your mind focused on the
game, how to play through pain, how to carve out
your role on the team and perform it consistently,
how to stay cool under pressure and maintain
your equanimity after crushing losses or ecstatic
wins. In Chicago we had a phrase for this, going
from a basketball player to a ‘professional’ NBA
player” [27].
The meaning and appreciation that we give to
a stressful situation shape our perception of the
situation. Our emotions and thoughts are strongly
influenced by these meanings and these assessments; they are based on our perception of the
situation that categorizes it as stimulating, problematic or threatening [28]. Depending on the
perception of the situation, we use different coping strategies. Coping strategies have characteristics that we do not know unless we analyze them
individually, but they concern us personally and
strongly affect our expectations. Coping strategies are “constant cognitive and behavioral
changes [used] to try to handle specific or excessive demands on people’s resources” [29].

L. Sighinolfi

Coping strategies are a multi-dimensional
construct:
• At the deepest and most fundamental level,
there are cognitive and emotional pieces of
information that enable us to structure our perception of the situation. Thoughts and emotions help us decide whether to choose one
coping strategy rather than another. From the
study of the interactions of these two types of
information (cognitive and emotional),
Folkman and Lazarus [29] identified coping
strategies focused on emotion-centered coping and other coping strategies. According to
Lazarus, the coping process is often centered
on the problem as much as the emotion in an
ever-present interaction [29].
• At the intermediate level, three components
are identified by Richard H. Cox [30]: motivations, behaviors, and attitudes. The functional
behaviors of these components derive from
adaptation, perceptions of control, and avoiding or solving a realistic problem. Often
though, the motivations, behaviors, and attitudes we adopt prove to be dysfunctional or
ineffective, so the coping strategies we adopt
do not reduce the types of psychological stress
we live in. As a result, the situation remains
problematic and our performance suffers.
• At the highest level, there is a boundary
between automation and consciousness. With
this quote, R.E. Smith [31] explains the need
to distinguish between automatic and conscious coping skills. Of the automated coping
strategies, we adopt and we can acquire awareness afterword only if someone or something
makes us aware of the consequences of our
actions. Therefore, it is important to help athletes understand coping strategies by analyzing whether they are automated or consciously
adopted. Psychological stress lies neither in
the individual nor in the situation, but depends
on how the person evaluates the event and how
he tries to adapt.
Cognitive appraisal is a process through which
the person evaluates whether a particular encounter with the environment is relevant to his or her
well-being, and if so, in what ways. In primary
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appraisal, the person evaluates whether he or she
has anything at stake in this encounter. For example, Is there potential harm or benefit with respect
to commitments, values, or goals? Is the health or
well-being of a loved one at risk? Is there potential harm or benefit to self-esteem? In secondary
appraisal, the person evaluates what if anything
can be done to overcome or prevent harm or to
improve the prospects for benefit. Various coping
options are evaluated, such as altering the situation, accepting it, seeking more information, or
holding back from acting impulsively and in a
counterproductive way. Primary and secondary
appraisals converge to determine whether the
person-environment transaction is regarded as
significant for well-being, and if so, whether it is
primarily threatening (containing the possibility
of harm or loss), or challenging (holding the possibility of mastery or benefit) [32].
The player asks, “What is the stake?” in his
primary appraisal and “what resources do I
have?” in his secondary appraisal [32]. Identifying
the athlete’s primary and secondary appraisals
helps you better understand the coping strategies
adopted by that player and then allows you to
work on it. For example, a player who is entering
the game believes that the priority in his half-
court defense is to “not let the opponent I’m covering score or else we’ll lose the game” (first
evaluation) and believes he can succeed “because
I have a lot more grit and aggressiveness than he
does” (secondary evaluation). Depending on the
coping strategies he has adopted, positive or negative for his performance, the player could work
hard with defensive slides and rebounding (positive coping strategies) or commit more fouls in a
few minutes (negative coping strategies).
Although thoughts and emotions (when entering
the court) are similar, the coping strategies
adopted would affect the player’s performance on
a mental level. However, coping strategies must
not be confused with results! If an athlete fails
during a specific play such as losing the ball, it
does not mean that he or she is not adopting
potentially effective coping strategies; however,
it is possible that the adopted strategies were dysfunctional in that specific game situation or that
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the technical skills or athletics of the player were
not enough [33].
There are three key aspects of defining coping
strategies:
1. Coping is related to context (the situation)
rather
than
to
stable
personality
characteristics.
2. Coping does not have to be “successfully
completed” and can even be merely an attempt
to cope with the problem. Attention is focused
on the attempt rather than on the positivity of
the outcome.
3. Coping is a process that changes over time as
the situation changes. At the base of a coping
strategy, there is an assessment of the situation: if the situation changes, it needs to be
reinvented. Then, the coping strategy could
also be changed or eventually re-formalized.
One of the most commonly used tests by the
scientific community to identify coping strategies
is termed COPE (Coping Orientation to the
Problems Experienced) [31] which classifies
coping strategies into the following categories:
• Activity: take some sort of action to eliminate
stress or affect its effects.
• Planning: reflect, plan, and develop strategies
to overcome the problem.
• Abolition of competitive activities: set aside
any other activity and avoid distraction to deal
more effectively with the problem.
• Containment: wait for the opportunity to face
stress to avoid reacting impulsively.
• Search for information: ask for advice, assistance, and information.
• Understanding: get moral support, reassurance, and understanding.
• Emotional outburst: express emotions and
express feelings.
• Positive reinterpretation and growth: elaborate
critical experience in positive terms or in
terms of growth.
• Acceptance: acceptance of the situation and/
or acknowledge your own inability to deal
with it.

L. Sighinolfi
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• Engage in religion: seek help or comfort in
religion.
• Humor: make light of the situation and get
through it.
• Denial: refuse the existence of a critical situation and try to act as if the stress does not
exist.
• Behavioral detachment: it is a condition of
helplessness. Efforts are made to deal with the
critical situation, abandoning attempts to
resolve it. This is the typical behavior of those
who think that they will get poor results from
their own attempts to counteract it.
• Mental detachment: it involves the suppression of competitive activities. It involves distracting, daydreaming, sleeping longer,
“immerse yourself” in television, etc.
• Use of drugs or alcohol: use alcohol or drugs
to tolerate stress.

78.4

 fficient Coping Strategies
E
in Basketball

In the context of basketball performance, it is
important to distinguish between the use of
engagement coping strategies and the use of disengagement coping strategies. Engagement coping refers to managing a situation through active
coping strategies and coping with the problem,
for example, when a basketball player on offense
get the physical contact with an opponent player
trying to give to his teammate an open passing
line; or when a player argues with referee after an
offensive foul has been called against his team
[34]. Disengagement coping involves coping
strategies of distance or distancing one’s self
from the situation, for example, when a player on
offense avoids physical contact with an opponent
player which could give an open passing line to
his teammate; or when a player calls at the referee after an offensive foul has been called
against his team [34].
The study conducted by Anshel and Wells
[35] on a sample of 147 basketball players
between the ages of 17 and 48 years showed
which coping strategies players use in four typically stressful situations in a game: “miss an

easy basket”; “get fouled by an opponent”; “to
lose the ball”; and “receive a perceived unjustified warning by a referee.” The reported outcomes revealed that players use engagement
coping strategies in three of the four stressful
situations analyzed: “to get fouled” (70%), “to
miss an easy basket” (76%), and “lose a ball”
(78%). While in the scenario of a “perceived
unjustified warning from a referee,” the majority
(63%) of the players adopted disengagement
strategies. The results highlight athletes’ decisions to use engagement strategies in more controllable situations. By contrast, in the face of
arbitration or actions beyond the perception of
behavioral control, players often adopt strategies
to avoid the problem. The results of this study
show marked differences in the cognitive assessment of each event. For example, players report
more motivation in the game after having been
fouled (as it is seen as a situation that can be
effectively tackled, for example, by playing
more physically) in response to a wrong recall
by the referee (low perception of situational control as the referee decided and whistled).
Even the perception of danger is also different from one stressor (stress factor) to the other
[36]. Missing an easy basket is perceived as a
more serious threat than a foul as well as a warning from the referee. The differences in assessment that lead players to use various coping
strategies are conditioned by both personal and
situational variables [37, 38]. For example, in a
competitive situation where the player has a high
perception of controllability of the situation,
even his or her percentage of coping strategies
dealing with the problem is high. Otherwise, the
frequent use of disengagement coping strategies
occurs for those competitive plays where the
player has a low level of controllability, as in the
case of an incorrect call by a referee (according
to the player). The results of this study [35] confirm the potential costs and benefits of choosing
each coping strategy.
Engagement coping strategies are preferable
when:
(a) The situation is controllable.
(b) The cause of stress is known.
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(c) The individual has a high awareness of the
condition.
(d) The effect that stressors have in the long term
such as injury is due to physical contact or
due to serious errors during performance.
Disengagement coping strategies may be
more appropriate in accordance with the authors’
analysis when either of the following occurs: the
situation is less controllable such as when a warning by the referee is received; the cause of stress
is unclear; the level of awareness of the person is
rather low; and the effects are immediate such as
a turnover during the game.
It also considers that every assessment of the
situation and the level of controllability considers
the perception of self-efficacy that the person has
of his resources [39–41]. If a player has a low
level of self-perceived efficiency, his or her level
of controllability of the situation will decrease,
and the player will tend to use strategies to avoid
the problem. For example, if a coach during a
timeout assigns a player an offensive role that the
player does not believe he/she is able to do (low
perception of self-efficacy), the player will put
greater importance on what his or her teammates
or opponents know over what he/she can do (low
controllability). Hence, this could lead to situations where players sometimes “hide” behind
their defender rather than create openings for
passes or are not trying to take the initiative; it’s
not just a matter of technical-tactical or athletic
skills.
Research in basketball players has shown that
engagement strategies are used more frequently
than disengagement strategies [35], as opposed to
a study conducted on table tennis players [42].
Why does this difference exist between
sports? The answer may stem from the fact that
different sports include different stressors;
therefore, different coping strategies are
required. Table tennis is a continuous game.
Cognitive requests are continuous and marked
by very short intervals. Distractions from the
task could inhibit performance, and strategy
variations should be thought out and applied
while playing. In basketball, there is often more
time and more opportunities to confront or more
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stressful events, to think about both for the
scoreboard and the bench. Therefore, mistakes
during performance in a sport such as table tennis are less controllable, and the athlete cannot
afford to re-elaborate them during the playing
phase by “taking a timeout”; instead, in basketball, the athlete may make changes to his or her
playing style due to mistakes in the same game.
The level of controllability is one of the situational variables that could predict the use of
coping strategies in relation to performance:
high controllability conditions should encourage the subject to use the approaches to deal
with the problem, whereas low controllability
conditions should instead induce the use of
strategies to avoid the problem [43].
Although other studies have shown that coping strategies of dealing with a problem may
sometimes be more effective than avoidance,
the results of the study by Anshel and Kassids
[44] argue that avoidance strategies are associated with a reduced perception of stress in highpressure situations such as in basketball
competitions.

Fact Box 4

“Engagement coping strategies are preferable when: the situation is controllable; the
cause of stress is known; the individual has
a high awareness of the condition; the
effect that stressors have in the long term
such as injury is due to physical contact or
due to serious errors during performance.”

Coping research helps identify who can
recover after stressful events and who is effective
at coping [39]. In general, it is accepted that:
(a) Flexibility is an important quality associated
with resistance, stress, and effective coping.
Examples of flexibility regarding basketball
performances include to be able to play with
different teammates; play in different courts;
play against different teams; collaborate with
different coaches; adapt to different strategies on offense/defense.

L. Sighinolfi
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(b) Individuals who have effective coping styles
and strive to dominate their environment do
not seek to provide excuses for their failures
(like commenting that they made a bad pass
because “someone else didn’t cut to the
basket”).
(c) Individuals who are considered incapable of
reacting often attribute the blame for their
failures in life to others [26].

78.5

Summary

Anxiety variables pay particular attention to performance analysis in any sport. Social anxiety,
especially in games, or the sense of apprehension
and concern over the judgments of others, are
dysfunctional variables for performance [9].
Placing too much importance on the opinion of
others or overcoming this situation causes the
athlete to become easily distracted by the primary objectives of performance, or excessively
fragile towards the possibility and fear of making
mistakes. Players then react to the latter if they
occur. Such arguments could explain the statistically significant difference in the adoption of
strategies of denial and avoidance by high-level
players. The role of the sports psychologist on the
playing field includes the identification of effective mental variables for performance and cooperation with the trainer to develop
tactical-technical skills to be integrated with the
strategies of face-to-face coping.
Coping strategies are constant cognitive and
behavioral changes used to try to handle specific
or excessive demands on the person’s resources
as the attention is focused on attempting to tackle
or avoid the problem. Flexibility is an important
quality associated with strength, stress, and effective coping. Individuals who have an effective
coping style react and strive to master their environment and do not seek an excuse to justify their
failures. Coping strategies are a multidimensional
construct: at the lowest level, there is cognitive
and emotional information that enables us to
structure our perception of the situation. Thoughts
and emotions are the basis for choosing a coping
strategy that focuses on the problem or the

e motion. Next, at the intermediate level, there are
motivations, behaviors, and attitudes that lead to
functional behaviors for adaptation, perceptions
of control, as well as the probability of realistically solving a problem. Finally, at the highest
level, there is a boundary between automation
and conscience, between automatic coping skills
and conscious coping skills.
As basketball is a sport with many variables
that affect the game, including roles [27] and
tasks [45], the player needs a good ability to analyze the situation in a very short period of time
(fractions of the second). To analyze the play, the
athlete must focus only on the primary stimuli to
the goals. The adoption of avoidance strategies
could, however, favor this analysis because
denial and/or isolation can be used concerning
the public’s comments or to the voice of the
commentator (for example). Even in team sports
such as basketball, it is important to adopt strategies that allow you to evaluate only some of the
receptive stimuli during the performance [46].
Coping strategies are preferable when the situation is controllable, the cause of stress is known,
and the individual has a high awareness of the
condition.
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79.1

Introduction: Psychological
Factors in Basketball

Basketball is a fast-paced team sport that is
dynamic and high scoring, and requires players
to develop diverse skills. Players need to master
a self-paced, individual, and stable task such as
the free throw shot and be able to work together
as a team in a dynamic and complex task such
as a half-court play involving the entire team.
Additionally, players must perform these diverse
tasks consistently during high-pressure situations. The ability to ride a “hot streak,” display
clutch performance, and make team-based decisions are just several of the unique skills required
to perform skillfully in basketball. This chapter
presents research findings related to these various
unique situations in basketball and provides recI. Basevitch (*)
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ommendations to players and coaches on how to
increase the chances of mastering the perceptual-
cognitive skills desired to perform consistently at
the highest level.

79.2

 ree Throw Shooting: A Gaze
F
Behavior Approach

The basketball free throw line is placed 4.6 m
(15 ft.) from the basket; there is no defensive
pressure and the clock is stopped. The free
throw is an instance in basketball where points
are given almost for “free” since the thrower has
no opposition to consider. Some great shooters
take advantage of the free throw and make over
90% of their attempts. On the other hand, there
are several notorious cases of outstanding players
who have struggled to pass the 50% conversion
rate. Thus, without any physical constraints such
as the opposition players, time, and distance from
the basket why do highly skilled players struggle
to convert the free throw?
Sport psychology is a domain which aims at
exploring the factors interfering with motor performance such as the free throw. As a far aiming
task, a basketball free throw requires a high level
of attention to the task at hand and avoidance of
distractions from nonrelevant cues, either external (e.g., distracting objects waved by opposing
fans) or internal (e.g., anxiety stemming from
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self-doubt) [1]. The visual attention strategy
(i.e., gaze behaviors) plays a crucial role in
maintaining and enhancing attention levels that
are crucial for performance. Gaze behaviors
indicate the degree to which a person is devoting
covert attention to a specific object or scene [2].
Moreover, it has been suggested that it is difficult to shift the point of gaze without shifting
attention [3]; hence, examining basketball players’ gaze behaviors provides valuable information on acquiring, processing, and using visual
information to make a free throw shot.
To perform this type of research, high-
technology glasses called eye trackers have been
used (see Fig. 79.1). Modern eye-trackers look
like regular eye-glasses and incorporate at least
two high-frequency cameras. One of the cameras is mounted onto the frame’s anterior side
(or on top of the frame) and enables to record

Fig. 79.1 Tobii Glasses 2 being used by a basketball
player
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the player’s point of view. The other camera (or
cameras) is placed so that it is looking toward the
player’s eye and records pupil movement. With
the use of specialized software, both images are
processed, and fixations (location, duration and
order), saccades (i.e., rapid movements to change
the eyes’ location) and eye blinks are identified
(see Fig. 79.1).
In sports, gaze behaviors have been examined extensively to identify visual search strategies. One of the most commonly used research
methods has been the differentiation between
skilled and less-skilled athletes (see review [4]).
The findings repeatedly indicated that experts
demonstrate fewer fixations in comparison to
their lower-skilled counterparts. However, those
fixations are longer in duration [4]. Another well-
studied phenomenon identified in athletes has
been a fixation called the quiet-eye (QE), which
is defined as the final fixation before movement
initiation; that is, the amount of time a basketball player gazes at the rim (or whatever they are
fixating on) before initiating the throwing movement. Numerous studies have demonstrated that
longer QE periods are indicative of superior performance in sports [5].
One of the seminal studies in this field was
conducted by Vickers [6]. In this study, eight
experts (free throw statistics over a full season above 75%) and eight near-expert (<65%)
basketball players performed free throws while
using an eye-tracker. Results showed that expert
players maintained their eyes fixated on one
single location (most often the rim’s front) for
a longer period of time prior and during shooting the ball (1058 ms in comparison to 773 ms
by near-
experts). Similarly, the QE duration
was longer during experts’ hits (mean 972 ms)
than misses (806 ms), and both durations were
significantly longer than the near-experts’ hits
or misses (a mean of less than 400 ms). These
results clearly indicate the imperative role of
holding a steady fixation until the shooting
action begins. An explanation of the findings
suggests that during the QE period task-relevant information is being processed, and motor
programs are retrieved and coordinated to successfully perform the action. Once this motor
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programming period is interrupted by distractions or is too short, performance is affected
and deteriorated [6].
A more recent study by Oliveira et al. [7]
examined six experienced basketball players
(four men and two women) performing free
throws. However, in this study the researchers took into account the shooter’s prevailing
shooting style: low-style shooter, who occlude
the target with their hands during the final
elbow extension, and high-style shooters, to
whom the target is always visible until ball
release. Results indicated that high-style shooters fixated approximately 780 ms and similar
to Vickers’ [6] findings, low-style free throwers
fixated for over 1 s (1213 ms), but also players fixated their eyes on the rim even after the
ball entered the player’s field of view. Oliveira
et al. [7] suggested that basketball free throw
(and jump-shot) shooting is largely controlled
by online vision. Visual information is acquired
and processed prior, during and after movement
execution (and is not only relevant prior to
movement initiation to preprogram the movements). Furthermore, they suggest that the specifics of the timing of the acquisition of visual
information are dependent on the prevailing
shooting style [7].
Notwithstanding the debate on the mechanisms underlying the QE-performance relation, the literature has shown that maintaining
a longer fixation before and during the shooting
seems to play an important role in performance.
Therefore, gaze behaviors and QE training protocols have been proposed to enhance athletic
performance [8, 9]. In short, to improve free
throws, it has been suggested that players follow these steps: (1) Assume the stance, ensure
that the gaze is directed on a preferred spot and
bounce the ball as many times as you are used
to; (2) Hold the ball in the shooting stance and
direct the eyes on a single preferred location for
about 1.5 s. Regardless if it is on the front rim,
back rim, or the backboard, lock your eyes on
that direction without moving them; (3) Shoot
and maintain the fixation on the preferred location for around half a second after the ball is
released.

997

Fact Box 1

Gaze behaviors and QE training protocols
have been proposed to enhance athletic performance. In order to improve free throws,
it has been suggested that players need to:
1. Assume the stance, ensure that the gaze
is directed on a preferred spot and
bounce the ball as many times as you
are used to;
2. Hold the ball in the shooting stance and
direct the eyes on a single preferred
location for about 1.5 s. Regardless if it
is on the front rim, back rim, or the
backboard, lock your eyes on that direction without moving them;
3. Shoot and maintain the fixation on the
preferred location for around half a second after the ball is released.

79.3

“ The Hot Hand”: Increasing
the Chances of “Being Hot”

On January 23, 2015, Klay Thompson (from the
Golden State Warriors) had the best shooting
quarter of any player in the National Basketball
Association (NBA) [10]. He made 13 shots in
a row without missing even one shot and ended
the 3rd quarter with 37 points. His teammate,
Draymond Green, was interviewed after the
game and was asked what he thought of Klay
Thompson’s “hot hand” and that some people
believe it is a fallacy. He replied by saying:
“That’s garbage. If we didn’t believe it, we
believe it now” [11]. On the other hand, Tim
Hardaway Sr. missed all 17 shots he took in a
game (December 27, 1991), going 0 for 17 [12].
Noteworthy, both players have similar career
field goal shooting percentages (around 45%).
Hot (and cold) streaks in sports, especially in
basketball, are perceived by players, fans, and
coaches as meaningful and real [13]. However,
since Gilovich et al.’s [13] seminal study, the
majority of studies supported the notion that
these streaks are statistically random, meaning

998

that the chances are not better (or worse) of making a shot after making a few shots compared to
missing a few (Avugos et al. [14] and Bar-Eli
et al. [15]). In the past 5 years, a few researchers
challenged this notion by introducing innovative approaches (e.g., taking into account shot
difficulty) [16] and advanced statistical methods
[17]. However, even in these studies the “hot
hand” phenomenon, if exists, is relatively small
and is not as prevalent as believed by players,
coaches, and fans.
It is thus inferred that from a statistical perspective, the majority of research indicates that
the “hot hand” is a fallacy and an illusion (or
if it exists it is much weaker than perceived).
However, from a perceptual-cognitive and
applied approach, when someone is perceived
to be hot or cold, the decision-making process changes. For example, Klay Thompson
attempted 13 shots in the “hot” quarter, when his
career average is 16 per game. Would he have
attempted so many shots if he had made 30%
of his shots in that quarter? Indeed, research
indicates that when a player is perceived to
be on a hot streak, the decision-making process (of the player, teammates, opponents,
and coaches) changes such that a player (a)
increases the likelihood of taking more shots,
(b) takes shots that are more difficult (e.g.,
further distance and jump shots), (c) has less
chance to be replaced by a coach, and (d), from
a defensive perspective, is guarded tighter [16,
18]. Whether these decisions are effective or
not is debatable [19, 20]; nonetheless, in real-
world situations players and coaches react to a
hot shooter, and the decision-making process
changes accordingly.
Even more important than the decision-
making process during a “hot streak” is the
understanding of the mechanisms leading to (and
sustaining) a “hot streak.” Research exploring
similar (and related) theories to the “hot hand”
phenomenon such as momentum [21, 22], zone
of optimal functioning [23, 24], and flow [25, 26]
provide plausible explanations of the processes
that increase the likelihood of a “hot streak”
occurring. The theories differ in their theoreti-
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cal underpinning and the mechanisms that lead
to successful performance but are similar in
their predictions; that there are instances where
players perform better than their typical performance (see also clutch performance in the section below) [27].
For example, taking the zone of optimal functioning perspective, which takes a probabilistic approach to performance, being in the zone
increases the chances of performing optimally.
The zone is idiosyncratic and depends on various
psychophysiological factors, such as (a) emotions—ranging on a 2×2 continuum of hedonic
tone (i.e., positive/negative) and intensity, (b)
arousal level—physiological and emotional, (c)
efficacy—the belief in the ability to perform well
on a task, and (d) cognitive appraisal—interpreting the situation as a challenge or a threat [24].
From a momentum perspective, the notion is that
success breeds success, and thus the emphasis
is on maintaining and prolonging the positive
momentum [22]. For example, during positive
momentum periods, anxiety levels decrease, and
efficacy levels increase, thus allowing the positive momentum to continue [21]. From a flow
perspective, when performing optimally, everything seems to be working well, and there is complete attention to and absorption in the task [25].
Factors that contribute to the occurrence of a flow
state include feeling prepared, receiving positive
feedback, being fully concentrated (no or minimal distractions) and in control of thoughts and
emotions [26].
Thus, to increase the probability of hot
streaks, coaches and players must focus on the
processes that can help perform at the optimal
level in a consistent manner. This can be conducted by systematically measuring related
variables (e.g., arousal and efficacy) before and
during every game. This procedure allows the
player and coach to capture the reasons and
circumstances which increase or decrease the
probability of the “hot streak” occurrence, so
that in future instances they can increase the
chances of optimal performances (and maintaining them) and consequently increase the likelihood of a “hot streak.”
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Fact Box 2

Research indicates that when a player is
perceived to be on a hot streak, the decision-
making process (of the player, teammates,
opponents, and coaches) changes such
that a player (a) increases the likelihood
of taking more shots, (b) takes shots that
are more difficult (e.g., further distance
and jump shots), (c) has less chance to be
replaced by a coach, and (d), from a defensive perspective, is guarded tighter.

79.4

 erforming Under Pressure:
P
Last Minute “Clutch”
and “Choking” Performances

Imagine this: it is the NBA finals, and your team
is down by 8 points with 60 s left in the game. If
you lose this game, you are eliminated and can
no longer fight for the championship title; on the
other hand, if you rally to win, then your team is
put in a position to contest for the title. How do
you handle the situation (are you even capable)?
Does your performance excel or breakdown?
What do you do to get yourself in a position to
succeed? This section introduces and discusses
the processes of “choking” and “clutch” performance in basketball and the psychological skills
that can be used to cope with pressure situations.
“Choking” is a psychophysiological disruption that occurs during stressful instances (e.g.,
pressure situations) in which an athlete’s performance declines unexpectedly with respect
to what is expected [28]. There are two main
competing theories that are used to explain the
processes that lead to the phenomenon: distraction and self-focus theories. Distraction theorists posit that during a heightened anxiety state,
an athlete’s attention shifts from task-relevant
cues (e.g., opponents, basket, and teammates)
to task-irrelevant cues (e.g., crowd, music, and
opponent’s bench), thus resulting in “choking”
[29]. On the other hand, self-focus theorists suggest that “choking” occurs when the athlete is
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highly self-aware and as a result, reverses from
an autonomous to a step-by-step processing during moments of high anxiety (e.g., taking two
free throw shots in the final seconds of the game
when the score is tied), essentially regressing to
a novice-type processing mechanism leading to
poor performance [30].
Tenenbaum’s [31] sport-related decision-
making model provides an illustration on the
process athletes undergo while performing (see
Fig. 79.2). Distraction and self-focus processes
affect performance by influencing the efficiency
of the athlete’s sport-related decision-making
process. The first stage of the decision-making
process is identifying the relevant environmental cues necessary to maintain optimal performance on the task and to allocate visual attention
accordingly. For example, when taking a free
throw, it is pertinent to attend to the relevant cues
(e.g., the basket) and eliminate the irrelevant cues
(e.g., the crowd behind the basket trying to visually distract the athlete taking the shot) for more
efficient information processing. It is in this section where an athlete’s inability to cope with the
heightened anxiety situation causes a disruption
to the decision-making process, thus resulting in
poor performance and “choking.”
Inversely, when an athlete is put in a high
anxiety situation and has the necessary resources
to cope with the situation, then “clutch” performance occurs. “Clutch” performance is defined
as any heightened performance that occurs under
high pressure situations [32]. To be in a “clutch
state,” the athlete must be aware of the situational
pressure, have the ability to function within the
stressful state, perceive the outcome of the task
as important, and succeed in large part through
effort [33]. Swann and colleagues [32] conducted
a study evaluating “clutch state” and the underlying mechanisms within three primary areas:
the performance context, process of occurrence,
and outcomes. The performance context is the
first step of the model, where “clutch” is identified as an important moment with the outcome
on the line. Once the stressful situation is identified (i.e., high pressure), the athlete appraises the
challenge, identifies what needs to be done, and
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Fig. 79.2 Sport-related decision-making model ([31], p. 195)

makes a decision to increase the effort and intensity of task execution. The authors found that
athletes who experienced clutch performance
had heightened awareness, deliberate attention
allocation, an absence of negative thoughts, and
task execution was autonomous [32]. The combination of factors in the performance context
and process of occurrence resulted in the athletes
feeling a sense of exhaustion, achievement, and
satisfaction.
An additional concern is related to how basketball players cope with pressure situations (e.g.,
when the score is tied, and there are 20 s left in
the game) and increase the likelihood of “clutch”
performances. Based on the self-focus approach,
attention allocation training can be used [30].
The primary goal is to divert attention externally.
That is, revert the attentional shift from internal (e.g., attending to the step-by-step technical
shooting process) to external (e.g., attending
to the rim). The shift back to external attention
could be achieved through different modalities.
For example, Mesagno et al. [34] used music to
alter the athletes’ attention allocation. When pre-

sented with a free throw task, athletes were asked
to focus their attention to the lyrics of the song
while shooting the ball. This method alleviated
the occurrence of “choking” as it allowed the athlete to divert their attention away from a step-bystep processing and shift to automatic mode.
Alternatively, if a distraction theory approach
is being implemented to actions, then players
can use preperformance routines to attend to the
relevant cues. A preperformance routine creates
a systematic structure for the athlete to rely on
when experiencing a high demand situation [35].
Thus, in a high-pressured free throw situation,
attention allocation shifts internally and to a worrying thought (e.g., the importance of the shots
and what will happen if missed) [36]. A preperformance routine can be implemented to refocus
and eliminate any irrelevant thoughts [37]. One
of the first steps in developing a preperformance
routine is to create awareness to previous actions
and schemas stored in long-term memory [38].
Once the athlete becomes aware of what he/she
currently do, then they can begin to understand
the behavior, construct a planned routine, modify
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that routine and control (i.e., practice) the routine
in order to generalize it for game time situations
[38]. An example of a preperformance routine for
a free throw shot follows these steps: (1) receive
the ball from referee; (2) once the ball is caught,
position yourself at the spot on the free throw line
you are comfortable at; (3) take two deep breaths;
(4) bounce the ball three times; (5) take one more
breath and imagine the ball leaving your hand
and following a perfect arch, moving smoothly
through the net, making a “swoosh” sound; (6)
put the ball at eye level; (7) look at the basket for
1.5 s; (8) shoot the ball. When developing a preperformance routine, it may seem cumbersome;
however, with practice, it will become automatic
and part of the free throw shot process.

Fact Box 3

Once the stressful situation is identified
(i.e., high pressure), the athlete appraises
the challenge, identifies what needs to be
done, and makes a decision to increase the
effort and intensity of task execution. The
authors found that athletes who experienced clutch performance had heightened
awareness, deliberate attention allocation,
an absence of negative thoughts, and task
execution was autonomous.

79.5

Team Decision-Making:
Shared Mental Models
and Related Team Dynamics

One of the most fascinating phenomena in basketball is watching an offense that is in complete
coordination. The players’ moves look slick,
fluid, and synchronized and their plays usually
end with a score as a product of perfectly timed
or a “mind-reading” pass that leaves the most
refined defense completely confused. How does
a team achieve those levels of coordination and
decision-making that seem to be simply magical?
This is a question that not only coaches and athletes marvel about but also sport psychologists.
In the last decades, a social-cognitive theoreti-
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cal approach called “shared mental models” has
been proposed as an explanation of how superior
coordination is achieved in team sports [39].
Individual expert performance in sport embodies an athlete’s superior ability to acknowledge and
recall structured information while performing in
a specific domain. This is a result of advanced
knowledge structures developed through years
of practice, which allow the transformation of
small bits of information into bigger and more
meaningful components [40]. The ability to recognize and recall cues that are specific for sport
performance is fundamental to memory structures in which previously acquired information is
encoded into short-term memory and stored in a
retrievable mode in long-term memory [41, 42].
In short, athletes construct their mental models of
a sport through practice (and experience) and are
able to update them during competition in order
to perform successfully and continue learning and
mastering their basketball knowledge.
Unsurprisingly, these individual-level processes do not seem to fully explain what happens at a group level since when more people are
involved, processes become more complex. For
instance, team sport performance is dependent
on a cohesive interaction between team members, which is achieved by having group training
in addition to individual practice [43]. The idea is
that through training, teams reach a psychological state in which each team member has a shared
understanding (i.e., models) of the situation and
how its constituent members will perform the
task, and all the members can draw from the
same knowledge [44].
In order to achieve team coordination, two
types of shared knowledge must be established.
First, shared knowledge needs to be established
prior to competition. During practice sessions,
the coaching staff designs training sessions that
help players develop shared knowledge of situational probabilities in basketball in general and
against a team in particular by placing players in
prototypical gaming situations that require them
to develop interpersonal synergies. In order to do
this, a classic work by Hayes-Roth and Hayes-
Roth [45] established four levels in the planning and decision-making training that vary in
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abstraction. The more general level, called the
Intention, describes the desired outcome of the
team (e.g., winning the game by 10 points). This
level is followed by the Scheme level in which
the team’s general behavior is established (i.e.,
up-tempo fast break). The third level is related
to the Strategy which encompasses the specific
procedures the team will maintain during the
game (i.e., double team defense). Lastly, the most
specific level is the Tactic in which the specific
operations will be planned (i.e., how to execute a
specific play when the game is about to end). If
the coaching staff are able to communicate these
levels properly, each basketball player should
know (a) when to use each play and which coach/
team leader signal indicates them, (b) what action
those players involved need to execute, and (c)
how his/her actions coordinate with the actions
of a teammate [46].
Since basketball is a very dynamic game,
shared knowledge must be established and
updated during the game. One of the biggest
challenges with this dynamic knowledge is that
team members must acknowledge that it has
changed, and thus, the team must update the
shared knowledge during a game [47]. The game
adjustment can occur by two means, either incidentally or deliberately. Via the former mean,
one or two players start adopting strategies different to the ones established prior to the game
as a response to game situations. For example,
players may start defending man to man after
recognizing that the zone defense they were
using is ineffective with the opponent team.
When other teammates notice changes in their
teammates’ strategy, they may realize that the
predetermined strategy has been abandoned and
that an adjusted strategy is being implemented.
The second way of updating is via deliberate
means, either through verbal (e.g., shouting) or
non-verbal communication (e.g., pointing) [46].
In basketball, this can be seen very frequently
during time-outs when coaches draw new plays
on the whiteboard or explain new playing styles
players should adopt, as well as during active
play, when coaches often verbally communicate and use predetermined hand signs to pass
instructions to players.

Excellent performance in basketball depends
on how coordinated a group of five individuals
performs on the court, and this coordination has
its roots in the shared mental models that the
team has created in order to always be “on the
same page.” Coaches and athletes must reach
these levels of collective understanding prior to
the game through the development of training
plans that allow each member to understand how
their game is going to play out. In addition, during games, successful teams are able update their
shared knowledge as the dynamic situations in
basketball constantly change and posit new challenges for the team. Enhancing communication
in basketball teams is paramount since the way in
which strategies are communicated and learned
by team members plays an important role in the
development of shared knowledge.

79.6

Summary, Limitations,
and Future Directions

Unique situations in basketball require specific
psychological skills. The diverse skills a player
must maintain are as follows: (a) prolong the
quiet-eye period during free throws, (b) control
emotions and thoughts (i.e., be in the zone) to
increase the chances of a hot streak, (c) perceive
pressure situations as challenging (as opposed to
threatening) to achieve optimal and clutch performance, and (d) share knowledge among teammates to perform as an expert team (and not as
individuals). Mastering these skills enable individual players and the team to perform at the
highest level.
Mastering these skills takes time, practice,
and guidance. Most of the focus in training is
on developing the physical, technical, and tactical skills. Unfortunately, psychological skills are
only addressed when problems arise, and not a
sufficient amount of time is dedicated to the psychological aspect of the game in general. Thus,
players and teams do not benefit from a consistent and systematic psychological training program (similar to strength and conditioning), and
often the perceptual-cognitive skills are not fully
developed. A systematic training plan must be
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implemented within every team (and from youth
to professional level) to enhance the effectiveness
of these psychological processes.
Finally, the advancement of technology in
sport science, specifically in the sport psychology
domain, enables to measure and train perceptual-
cognitive skills. The eye-tracker is one such
technology that helps monitor gaze behaviors of
players during various tasks (e.g., free throws,
passing, and defending). However, a lack of technology that can measure team processes, such as
shared mental models, is apparent. More research
and applied efforts must be geared to the team
unit of analysis (as compared to the individual)
so that teams can perform in unity with high levels of cohesion, chemistry, communication, and
coordination.
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Psychological Aspects in Return
to Sport Following ACL
Reconstruction
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80.1

Part 1: Introduction

Despite advances in surgical techniques and the
development of criterion-based postoperative
rehabilitation protocols, outcomes following anterior cruciate ligament reconstruction (ACLR) are
not optimal. Only 65% of athletes that undergo
ACLR return to their previous level of sport [1].
Young individuals that do return to sport (RTS)
are at high risk of sustaining an ACL injury [2–4].
Additionally, self-reported functional deficits,
strength deficits, and movement asymmetries persist for years after ACLR [5–7]. Psychological
factors, such as fear or reinjury and lack of confidence, contribute to these suboptimal outcomes.
An athlete’s psychological response to injury
commonly follows a “U”-shaped curve [8–10].
Early after injury, negative emotions, such as
anger and depression predominate. The severity
of these negative emotions is related to the athlete’s appraisal of the injury (i.e., the severity of
the injury and the time taken to return to sport).
Generally, during the initial stages of rehabilitation, these negative emotions improve [11].
However, frustration appears to be the most common negative emotional reaction during rehabiliR. Zarzycki (*)
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tation and is influenced by the difficulty of the
rehabilitation program and the athlete’s perceived
value of the rehabilitation program [8]. As the
athlete transitions to the return to sport phase of
rehabilitation, negative emotions related to fear
of reinjury and lack of confidence may become
more pronounced [12]. Maladaptive psychological responses are therefore present at multiple
time points post-injury, affect progression
through rehabilitation, and have long-term implications on outcomes.
In order to optimize outcomes following ACLR,
clinicians must consider psychological factors and
look beyond physical impairments. This chapter
will review the current evidence regarding the relationship between psychological factors and outcomes after ACLR, discuss the relationship
between psychological factors and movement after
ACLR, discuss psychological outcome measures
and potential interventions, and finally propose recommendations for future research in this area.

80.2

 art 2: Psychological Factors
P
and Outcomes

80.2.1 Return to Sport/Activity
Outcomes
There is strong evidence linking psychological
factors to activity-related outcomes in patients
after ACLR, and fear of reinjury is one of the most
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commonly reported reasons for not returning to
sport after ACLR [11, 13]. Cross-sectional studies
have examined fear of reinjury and other psychological factors to determine if differences exist
between individuals who returned to sport and
individuals who did not return to sport at different
time points after ACLR. Ardern and colleagues
examined psychological factors in 164 individuals 1–7 years after ACLR [14]. Psychological
readiness to return to sport, measured via the
Anterior Cruciate Ligament Return to Sport after
Injury scale (ACL-RSI), was the strongest variable associated with preinjury activity level.
Athletes who had returned to preinjury level of
sport demonstrated higher scores on the ACLRSI, lower kinesiophobia (measured with the
Tampa Scale of Kinesiophobia shortened version,
TSK-11), and higher knee self-efficacy. Lentz and
colleagues examined demographic, physical
impairments, and psychological factors in 94 individuals 1 year after ACLR [15]. Individuals who
had returned to preinjury level of sport had less
knee effusion, fewer episodes of knee instability,
lower pain rating, greater quadriceps strength,
higher self-reported function, and lower levels of
kinesiophobia. The significant group difference in
TSK-11 score exceeded the minimal clinically
important difference.
Observational studies have also investigated
the association between psychological factors
and RTS. Ardern and colleagues examined fear
of reinjury, psychological readiness, and sport
locus of control preoperatively and 4 months
after ACLR [16]. These psychological factors
measured preoperatively and at 4 months after
ACLR predicted return to preinjury level of sport
1 year after ACLR. Psychological readiness at
4 months after ACLR was the variable with the
best discriminatory capability, and patients with a
score of less than 56 on the ACL-RSI indicated
an increased risk of not returning to sport by
1 year. A second study by Ardern and colleagues
assessed a cohort of individuals who had not
returned to sport at 1 year after ACLR [17].
Individuals in this cohort that did not return to
preinjury sport level by 2 years demonstrated
poorer hop test symmetry, poorer self-reported
knee function, and more negative psychological
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responses compared to individuals that did return
to preinjury sport level. Another large cohort
study found that individuals who had returned to
sport at 8 or 12 months after ACLR had higher
self-efficacy and psychological readiness scores
compared to individuals who had not returned to
sport at each time point, respectively [18]. Lentz
and colleagues examined kinesiophobia, muscle
strength, self-reported function, and pain in
patients 6 months after ACLR [19]. They surveyed these same patients 1 year after ACLR to
determine return to sport (RTS) status and why
they had not returned to sport if indeed they had
not. Of the 73 patients included in this study, 46
had RTS, 13 had not RTS, and 14 had not returned
to sport due to fear of reinjury and/or lack of confidence. The group of patients that had not RTS
due to fear of reinjury/lack of confidence had
greater kinesiophobia, lower quadriceps strength,
and lower self-reported function at the 6-month
time point.

80.2.2 Relationship Between
Psychological Factors
and Self-Reported Function/
Knee Impairments
There is evidence linking psychological factors
and self-reported knee function early after
ACLR. There is an association between a change
in psychological factors (kinesiophobia and self-
efficacy) and change in self-reported function
from 4 to 12 weeks after ACLR [11]. Self-
reported knee function is also associated with
kinesiophobia in athletes greater than 6 months
after ACLR [20].
There is also a relationship between psychological factors and knee impairments early after
ACLR. Greater pain catastrophizing and lower
knee self-efficacy early after ACLR (1 and
4 weeks) is associated with poorer ROM
12 weeks after ACLR and increases the odd of
not meeting advanced rehabilitation criteria (Pain
≤2, symmetrical ROM, and quadriceps index
≥60%) [21]. Additionally, self-efficacy measured
4 months after ACLR is associated with strength
1 year after ACLR.
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The evidence linking psychological factors,
self-reported function, and impairment resolution
emphasizes the importance of “good” therapy
early after ACLR. Restoring full ROM, improving quadriceps strength, and improving knee
function early after ACLR may lead to better a
better psychological outlook (i.e., better self-
efficacy, lower kinesiophobia, and pain catastrophizing) and set the stage for later phases of
rehabilitation and return to sport.

80.2.3 Relationship Between
Psychological Factors
and Reinjury
Recent evidence indicates that psychological factors, specifically kinesiophobia and psychological readiness, may be related to second ACL
injury. Athletes who experienced an ipsilateral
graft rupture within 1 year from surgery reported
higher kinesiophobia at the time of return to sport
clearance (mean 7.6 months after ACLR). [22]
Studies examining psychological readiness support the premise that negative psychological factors are associated with second ACL injury.
Younger athletes (≤20 years old) who sustained a
second ACL injury (graft rupture or contralateral
ACL rupture) within 2 years of ACLR reported
lower ACL-RSI scores at 1 year after ACLR [23].
Athletes >20 years old who sustained a second
ACL injury did not demonstrate differences in
ACL-RSI scores. Sensitivity analysis revealed a
score less than 76.7 identified patients at risk of a
second ACL injury with a sensitivity of 90%.
Evidence also suggests that a change in psychological readiness may be related to second ACL
injury. Athletes that sustained a second ACL
injury within 2 years from surgery did not demonstrate an improvement in psychological readiness from presurgery to 1 year after surgery,
while the patients that did not sustain a second
injury did show an improvement.
Taken together, the three previously mentioned studies indicate that greater fear, more
negative emotions, and less confidence may put a
patient at greater risk of sustaining a second ACL
injury. In contradiction to the three previous

1007

study’s findings, one published study indicates
that high confidence (rather than low confidence)
may be related to second ACL injury. Paterno and
colleagues evaluated whether clinical measures
could be used to predict second ACL injury and
found that athletes who sustained a second ACL
injury fell into one of the two high-risk profiles
[24]. One of the high-risk profiles included high
knee-related confidence as a significant variable
(along with age <19, triple hop distance >1.3
times body weight, female sex, and hop distance
LSI > 98.5%). The authors theorized that an athlete with good performance on functional tests
and high confidence may return to sport sooner,
putting them more at risk for a reinjury.

80.3

 art 3: Psychological Factors
P
and Movement

Individuals after ACLR demonstrate altered
movement patterns during low-level tasks such as
walking and sit to stand transfers, and high-level
tasks such as drop vertical jumps and single-
legged hop landings [6, 25–27]. Recent evidence
suggests that psychological factors may be
related to altered movement patterns [28, 29].
Therefore, psychological factors should be considered when addressing movement asymmetry
prior to return to sport after ACLR.
Two recent studies have investigated the relationship between psychological factors and walking biomechanics. Zarzycki and colleagues
examined the relationship between knee kinematic and kinetic variables during the stance
phase of over ground walking, and psychological
readiness to return to sport (i.e., ACL-RSI) in
athletes at a mean of 5.4 months after ACLR [29].
The authors found a significant relationship
between psychological readiness and two knee
kinematic variables (peak knee flexion angle
symmetry, and knee flexion angle at initial contract symmetry). Athletes after ACLR with lower
ACL-RSI scores (i.e., a more negative psychological outlook) demonstrated less knee flexion
at IC and less peak knee flexion angles in the surgical limb compared to the nonsurgical limb. A
second study by Luc-Harkey and colleagues
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examined the relationship between kinesiophobia (i.e., TSK-11) and gait characteristics during
treadmill walking in athletes at a mean of
49 months after ACLR [30]. The authors of this
study found no relationships between kinesiophobia and kinematics or kinetics. Differences in
time from surgery to testing, the psychological
instrument administered, and type of gait assessment (over ground vs. treadmill) may explain the
differences in results between these two studies.
Only one published study has examined psychological factors and movement during a higher-
level task. Trigsted and colleagues examined the
relationship between kinesiophobia and lower
extremity kinematics and muscle activation during a drop vertical jump task in female individuals at a mean of 26 months after ACLR [28].
Participants with greater kinesiophobia had a
more stiffened movement pattern in the sagittal
plane characterized by less knee and hip flexion
in the surgical limb, and less trunk flexion.
Additionally, the participants with greater kinesiophobia demonstrated greater hip adduction
and greater gluteus maximus pre-activation.
Research has just started to explore the relationship between psychological factors and
movement in individuals after ACLR. While clinical recommendations cannot be made based on
the current evidence, clinicians may consider
psychological factors, especially kinesiophobia,
and psychological readiness as contributors to
potential
movement
alterations
after
ACLR. Future research should elucidate the relationship between psychological factors and
movement after ACLR, and determine if interventions specifically addressing psychological
factors lead to a change in movement.

80.4

 art 4: Monitoring Athletes’
P
Psychological Responses

The biopsychosocial model of care encompasses
all aspects affecting a person’s health in contrast
to the traditional biomedical approach. While the
biomedical model has led to major advances in
medicine, it does not specifically take into
account the psychological and social influences
that affect function and disability after injury.

The integration of the biopsychosocial model
into clinical practice has been termed “psychologically informed practice” (PIP) [31]. PIP is an
approach by which clinicians evaluate and
address psychological barriers to optimize outcomes after injury. This approach has been studied primarily in patients with low back pain and
chronic musculoskeletal pain [32–34]. Fear of
movement and reinjury are highly prevalent in
these populations and are related to poor outcomes. Addressing these maladaptive beliefs and
behaviors can be accomplished with various
interventions including pain education, cognitive-
behavioral treatment, graded exercise, and graded
exposure. Evidence using these strategies in athletes after ACLR is scarce; however, these strategies can be applied to athletes who demonstrate
similar issues with fear, confidence, etc. The next
session will discuss tools used for screening psychological factors that could affect outcomes in
athletes, followed by a section reviewing strategies to address psychological factors.

80.4.1 Psychological Measures
for Athletes After ACLR
Table 80.1 lists the psychological construct,
scale, minimal detectable change value (MDC),
minimal clinically important difference value
(MCID), and the established cut-off scores for
each psychological measure below.

80.4.2 ACL-RSI
The ACL-RSI was specifically designed to evaluate psychological factors affecting RTS [35]. It
includes 12 questions that measure three psychological constructs: emotions, confidence, and risk
appraisal. It is scored on a scale from 0 to 100
with higher scores indicating a more positive psychological outlook (i.e., more positive emotions
and greater confidence). The authors recommend
using the ACL-RSI as an outcome tool infrequently during the course of rehabilitation (i.e.,
once early, once in the middle, and once toward
the end of rehabilitation). Upon completion of the
ACL-RSI early, the clinician should inspect each
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Table 80.1 Description and psychometric properties of the ACL-RSI, ACL-RSI—Short form, TSK-11, and K-SES
Psychological
construct

Scale

MDC

MCID
Cut off scores

ACL-RSI
Psychological
readiness to RTS
consisting of questions
related to emotions,
confidence, and risk
appraisal
0–100 with higher
values indicating a
more positive
psychological outlook

ACL-RSI—Short form
Psychological readiness
to RTS consisting of
questions related to
emotions, confidence,
and risk appraisal (six
questions only)
0–100 with higher values
indicating a more
positive psychological
outlook

– 19 intervention of
one individual [48]
– 3 changes in group
mean [48]
No established MCID

No established MDC

No established MCID

– 56 points at 4 months – 60 points at 6 months
[51]
[51]
– 62 points at 6 months
[45]
– 51 points at 6 months
[49]

TSK-11
Kinesiophobia (i.e., fear
of movement/reinjury)

K-SES
Self-efficacy related
to tasks involving
knee function

11–44 with higher values 0–10 with higher
indicating a greater fear values indicating
greater certainty in
of movement/reinjury
performing
activities related to
knee function
3.0 [47]
No established
MDC

3.7 [47]
Patients with scores >18
at RTS were 13× more
likely to experience
second injury within
2 years/p ACLR [50]

No established
MCID
≥7 equals
acceptable level of
self-efficacy [46]

question to determine if the athlete reports low
scores with a specific construct. After determining
the construct with the lowest score, clinicians
should consider using one simple question more
frequently during the course of rehabilitation. For
example, an athlete that scores low on the questions referring to confidence can be asked: “on a
scale for 0 to 10 (with 0 being not confident at all
and 10 being fully confident) how confident are
you about returning to your primary sport?” This
can be used frequently as a quick measure of
progress during rehabilitation. When progress is
not being made with the simple question or with
the ACL-RSI, clinicians may consider psychological interventions. A short version of the ACLRSI, consisting of only six questions, has recently
been developed [36].

three different constructs: fear of pain, fear of
reinjury, and somatic focus [37]. Scores on the
TSK-11 range from 11 to 44 with higher scores
indicating greater kinesiophobia.
Self-efficacy is a measure of a person’s confidence in performing a task and is task/situation-
specific [14]. The K-SES thus assesses a person’s
confidence regarding tasks requiring knee function. It includes 22 items broken into four sections: daily activities, sports and leisure activities,
physical activities, and you knee function in the
future. The person is asked to rate how certain
they are about the activities listed within each
section on a scale from 0 (not at all certain) to 10
(very certain).

80.4.3 O
 ther Psychological Measures
(TSK-11, K-SES)

80.5.1 Evidence for Psychosocial
Interventions After ACLR

The TSK-11 was originally developed to examine kinesiophobia in patients with chronic pain.
The TSK-11 includes 11 questions related to

A recent systematic review evaluated the effectiveness of psychosocial interventions on outcomes following ACLR [38]. The authors of this
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review concluded that there is insufficient evidence supporting the effectiveness of psychosocial
interventions
on
outcomes
after
ACLR. However, the review only identified four
studies using different interventions (i.e., guided
imagery, relaxation, coping, and modeling).
These interventions were associated with
improvements in self-reported knee function,
reductions in fear/anxiety, and resolution of knee
impairments. No studies to date have examined
the effect of cognitive-behavioral interventions
on RTS. A current clinical trial is examining the
effect of a smartphone application, delivering
cognitive-behavioral therapy on RTS outcomes
(clinicaltrials.gov, NCT03959215).

80.5.2 G
 raded Exercise and Graded
Exposure
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strengthening exercises [40]. Psychological readiness and performance on all four single-legged
hop tests improved significantly from the pre-
training time point to post-training. Additionally,
the proportion of patients categorized as psychologically ready (based on previous established
cut-off scores of the ACL-RSI) significantly
increased from pre- to post-training. The aforementioned studies indicate that graded exercise,
incorporating plyometrics, and agilities may have
potential in improving psychological factors.
However, the effect of these interventions on RTS
remains unknown.

80.5.3 O
 ther Cognitive Behavioral
Interventions

80.5.3.1 Mindfulness Meditation
Mindfulness meditation (MM) involves refocusGraded exercise and graded exposure are effec- ing the mind on present awareness of one’s inner
tive in patients with low back pain [34]. Graded feelings, body sensations, and surrounding enviexercise involves a quota-based system in which ronment. MM has been used as a treatment for
exercise quotas are increased over time. Positive multiple chronic pain conditions including fibroreinforcement is given to the patient when the myalgia, chronic LBP, and musculoskeletal pain.
quota is met at each session. Graded exposure is Recent systemic reviews examining indicate that
based specifically on a movement or task that a MM is associated with improvements in pain ratpatient avoids due to fear. First, the activity/ ings; however, some of these effects were small,
movement is identified, either through a specific leading the authors to conclude that more high-
question on a questionnaire or through interview. quality studies are needed to determine the effecThen, the fearful activity/movement is incorpo- tiveness of MM on various pain conditions
rated in the rehabilitation program. Progressively [41–43]. In terms of psychological health, MM is
the level of fear is increased over time until the effective in increasing subjective well-being,
fear declines.
reducing psychological symptoms such as fear
Graded exercise, in the form of plyometric responses and emotional reactivity [44].
exercises, has been examined in patients after Therefore, the use of MM may be useful with
ACLR. Chmielewski et al. compared low- athletes who display negative psychological facintensity and high-intensity plyometric exercise tors or persistent pain. More research is needed to
in athletes that met clinical milestones allowing determine if MM can be used to improve RTS
them to participate in advanced rehabilitation outcomes.
[39]. Following the 8-week intervention, both
groups (low-intensity group and high-intensity
group) displayed significant improvements in 80.6 Part 6: Summary
knee activity self-efficacy, in addition to improved
and Recommendations
self-reported function, vertical jump height, knee
strength, and pain ratings. Another study using a There is strong evidence linking psychological
group training model focused on progressive ply- factors and activity-related and functional outometric exercise coupled with agility training and comes. Clinicians should consider monitoring
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psychological factors that can affect outcomes
using validated tools, such as the ACL-RSI and
the TSK-11. The established cut-off scores can
help clinicians identify patients at risk for suboptimal outcomes due to psychological factors.
Once identified, negative psychological factors
may be addressed through various techniques
such as graded exercise/exposure, MM, goal setting, imagery, and modeling. However, there is
no evidence linking these interventions to
improved RTS outcomes.
There is a subset of patients that require consultation with a mental health-care provider.
Three proposed contraindications for the use of
psychological interventions by a physical therapist in patients with musculoskeletal pain are as
follows: (1) identification of a current mental disorder, (2) the patient is unable to participate
meaningfully in treatment, and (3) the patient is
unwilling to participate in treatment [31].
Referral to a mental health professional is indicated when a patient demonstrates any of these
three contraindications.
Future research should continue to examine
the relationship between psychological factors
and outcomes in athletes after ACLR. In addition,
examination of the relationships between psychological factors and reinjury, and psychological factors and movement is needed to build on
the small body of current evidence. Finally, studies implementing interventions directed specifically at negative psychological factors are needed
to determine if negative psychological factors are
the driving force behind less than optimal function or the product of less than optimal function.
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Retirement, a turning point in everyone’s life, is a
period that is extremely hard to manage.
Retirement from elite sports can be highly distressing for athletes, and many report experiencing depression and anxiety in adjusting to this
transition [1]. When retirement is seen as part of
the normal life cycle and not as a crucial turning
point in life, anxiety, stress, and obscurity can be
avoided. The most important step in doing so is
the mental preparation process. Mental preparation in order to be ready for the retirement period,
just like how athletes prepare mentally for the
season aside from their physical training, will
help in making the transition to retirement to be
as smooth and flawless as possible.
After basketball players retire, they might experience psychological problems such as depression
and anxiety, physical problems involving joints and
muscles, or sleeping problems. Sudden changes in
lifestyle, public position, and daily habits can create serious conditions such as identity problems,
intense sorrow and even depression, and a decrease
in life satisfaction. Aside from these psychological
problems, retired athletes might experience health
problems due to their inactivity.
After being involved in years of active sports
life, pro-athletes stagger as the regular practices,
workouts, and games no longer exist in their rou-
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tine. The best way to address this phase is to prepare both mentally and physically for the
retirement period by planning the future career.
Applying the self-discipline and consistency, athletes get used to during their professional careers
to the retirement period will make it easier for
them to adapt to this new phase. In addition, the
continuation of these habits gained through their
athletic career will increase and maintain their
personal motivation and pave the way for success
in various other fields of life.
One of the most important aspects to consider
when pro-athletes plan their retirements is to be
well-organized and possess realistic goals as they
attempt to take solid steps ahead. It is helpful to
accurately predefine their designated future
career, i.e., in sports management, coaching, or a
completely different field of work, and make sure
this path will provide them with an appropriate
challenge and is in accordance with their values
and will leave them satisfied (Fig. 81.1). Doing
so is key to overall satisfaction and happiness in
their future lives. In both their athletic careers
and their retirement journeys, adapting themselves to the order and life standards of their
environment and focusing on the positive contributions of these adaptations will provide athletes
with tools to easily overcome experienced difficulties in the transition process to retirement.
Discipline possessed in the professional life of
an athlete is a value highly required after
retirement. Maintaining dietary routines, sleep-
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Fig. 81.1 It is common
for professional
basketball players to
continue their carrier
with sports management,
coaching, and
administrative role

ing patterns, and relations with their family organized is a necessity in retirement as it was during
their athletic careers. No longer maintaining this
discipline and moving onto a less or unorganized
life pattern after retirement may lead to negative
psychological effects.
Routine practices and consistency in lifestyle
are the biggest sources of motivation in the life of
a pro-athlete. Steps to create precise short- and
long-term goals that will increase motivation and
help retired athletes maintain the same consistency after retiring should be taken. Overall success in life is the result of being satisfied with
whatever you do and satisfaction, and content are
often driven by the sense of having a purpose and
goal in life. Having precise and clear goals and
working toward them are just as important for
maintaining a postretirement career as it is important for being a top tier athlete.
Even though basketball is a team sport, decisions concerning an athlete’s career, the way of
managing these decisions, and the goals and the
actions necessary to reach them are determined
by the individual choices of each athlete. Being
determined to work consistently to individually
prepare themselves for the highest level is another
key point in an athletic career (Fig. 81.2).
Determination and self-organization are “must-
haves” in retirement just like they are in the active
career of an athlete.

Fig. 81.2 Professional basketball players need to prepare
for retirement just as they prepared themselves for the
highest level of play

Professional basketball players are familiar
with the feeling of winning as well as loosing.
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Those who strive for better even following a win
and maintain a positive mindset following a loss
become top athletes. This applies to retirement as
well. One builds a successful future when one has
the ability obtain positive results from negative
situations.
Multiple factors may shape the career and
enhance the performance of an athlete. These
can be a variation of many factors such as success, appreciation, high income, and passion.
One of the most valuable among these factors is
passion. Some of the best basketball players
acquired their success by loving what they do. A
basketball player can retain close ties to basketball after retirement. Professional basketball
players can retain such ties with the game by
becoming referees, trainers, coaches, or members of management.
An athlete needs to be able to cope with stress
and to control emotions on the court. These self-
control mechanisms may aid the athlete after he/
she retires. Being able to control one’s personal
emotional state could help prevent depression
and anxiety-related problems in the future.
Getting professional mental support, maintaining
a life of discipline, connecting with family and
friends, and replacing your daily routines with
new activities will provide the athlete with a solid
foundation for a stable and satisfactory life after
retirement.
One of many ways of obtaining mentally
toughness is mindfulness. Mindfulness is the
psychological process of purposely bringing
one’s attention to experiences occurring in the
present moment without judgment. In the simplest sense, mindfulness is a state of mind that
allows a person to stay focused on the present
moment, to observe and accept self-emotions,
thoughts and surroundings gently, without judgment. Mindfulness has been introduced as a construct that may increase flow experience as it
enables individuals to practice maintaining attention in the present moment [2]. To achieve this
practice, meditation and other mindfulness techniques are necessary. Focusing on the past and
the future may have a negative effect on an athlete’s performance. Being mindful enables the
athlete to stay in their “zone”, focus on what they
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are doing, avoid distractions, and enhance their
sports performance. Many successful basketball
players have different ways of getting into their
“zone.” Mindfulness techniques are known to be
one of the most efficient ways to achieve this.
These involve breathing methods, body scan,
guided imagery, the observer meditation, and
other practices to enhance self-awareness and
relax the body as well as the mind. This state of
mind also takes effect in players’ life after retirement, by eliminating stress and anxiety. Being
able to control thoughts and emotions through
mindful awareness techniques help players to
cope and adapt to changes occurring in their life
after retirement.
An athlete who can control the stress and anxiety caused by competition is equipped to be able
to control the stress and anxiety that might arise
during his/her postretirement period. Since high
amounts of adrenaline and cortisone affect the
decision-making process of the brain, immediate
reactions cannot be completely controlled. These
hormones, released in high concentrations during
an active sports career, have been shown to be
one of the biggest reasons for depression during
retirement. Positive thoughts cause the release of
dopamine and can lead to a less stressful and happier life.
Especially for top-tier athletes, after getting
used to a particular lifestyle and a public status
derived from their athletic success, retiring and
having no goals in life can create a strong feeling
of emptiness. Similarly, shortsighted sudden
decisions and failures following these decisions
may affect their psychology in a negative manner. Making long-term investments according to
a roadmap based on designated goals and allowing you to have sufficient time to rest and digest
the change after retiring could be critical in maintaining high standards of life.
Athletes who are not prepared for retirement
may experience a significant downfall after.
Supporting themselves with mental exercises and
getting professional psychological support when
necessary will help athletes avoid this situation.
Recent research has shown that if the reasons for
retirement were the result of struggles with
coaches, or problems and issues with a sport
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federation; athletes experienced difficulties during retirement, missing the social aspect of the
sport, lack of self-esteem, and keeping feelings to
themselves [3]. Reasons for retirement could be
placed in two main categories: the expected
retirement, which comes naturally with aging;
and unexpected retirement that is caused by an
injury or a burnout syndrome.
Early retirement ages of basketball players are
often displayed as a disadvantage. An athlete
might be forced to retire at a period when his/her
mental productivity is peaking. The best time for
an athlete to retire is when the body starts signaling for it and thoughts of retiring are being considered both from a physical stand point and
psychologically. Athletes can extend the length of
their career by taking care of their bodies and their
minds. Joining special coaching courses tailored
for retired or veteran basketball players is another
option for athletes to prepare for their future lives
as civilians. Careful planning of the course of
their careers after retirement and establishing an
investment plan for their savings is crucial.
Serious injuries or a burnout syndrome caused
by inability to manage long-term stress are the
main reasons for an unexpected retirement.
Athletes going through related experiences suffer
from fear of injury along with anxiety, worry, and
stress. At this point, it is extremely important to
stay in the moment instead of worrying about the
future through the use of mental exercises that
are proven to have positive outcomes. Modern
improvements in medicine help determine the
physical needs of the athletes, which significantly
reduce the risk of injury. The recovery process
following injuries is relatively shorter too. Being
physically conditioned and consistent strength
and agility exercises protect from injuries while
preparing the athletes in the best way possible for
the games. Athletes getting used to this pace of
training should keep exercising at a moderate
pace. Having decent body strength contributes
positively to the decision-making process of the
brain.
Financial problems that are another possible
challenge which could be experienced during
retirement and may also have adverse effects on
an athlete’s psychology and mental strength.

Seeking advice from financial and investment
professionals as well as the opinions and support
of trusted people around the athlete are extremely
important in making the right decisions and
investments and also give the athlete the peace of
mind in planning his/her postretirement career.
Living in the moment instead of constantly
thinking about the past or the future can prove
highly beneficial for athletes in every period of
their lives. An athlete who cannot stop thinking
about the future is at a high risk of experiencing
anxiety during his/her retirement. Correct and
quality planning for the future will result in positive outcomes along the way. That is why being
ready both physically and mentally is as important to athletes in retirement as it is in their
active professional careers. Continuing to play
basketball for fun after retiring can help athletes
stay fit and psychologically steady. Another
potentially beneficial option for athletes is to
take up a new hobby, keep working out, socialize, maintain relations with friends and family,
and stay active in every aspect of life after
retiring.

81.1

Summary

Retirement could be a stressful event for competitive basketball players at all levels. Preparing
for retirement could be a challenging and complex task. Many of the mental qualities which
come to use during their playing career could aid
players cope and succeed in their postretirement
life. Choosing a path of interest and setting clear
goals are important factors to achieve and maintain a satisfying post-retirement career.
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