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45.1 Introduction

Orthobiologics have emerged as a promising
treatment modality, seeking to enhance musculo-
skeletal regeneration and repair. This overarching
term comprises many developing treatments,
including isolated growth factors, platelet-rich
plasma (PRP), cell-based therapies, and scaf-
folds. 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 inju-
ries; however, true reproducible soft tissue regen-
eration has not been demonstrated [1, 2].
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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 tendi-
nopathy, Achilles tendinopathy, Achilles tendon
rupture, plantar fasciitis, and rotator cuff pathol-
ogy. 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 orthobio-
logics 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 treat-
ment 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 tis-
sue 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 symptom-
atic relief.
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Corticosteroids decrease leukotrienes, prosta-
glandins, thromboxane A2, and prostacyclin, as
well as by stabilize lysosomal membranes of
inflammatory cells, decreasing vascular permea-
bility, altering neutrophil chemotaxis and func-
tion. 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 injec-
tions for soft tissue injuries in athletes. Levine
et al. have reported improved return to play
following corticosteroids and anesthetic injec-
tion for severe hamstring injuries in 58 National
Football League (NFL) players. They have also
reported no complications related to the injec-
tion [6]. Stahl et al. performed a prospective,
randomized, double-blinded study to assess the
effect of methylprednisolone on medial epi-
condylitis. They have reported short-term
improvement in symptoms at 6 weeks follow-
up 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 care-
fully considered due to its significant side
effects. There are several potential reported sys-
temic side effects of corticosteroids including,
but not limited to, diabetes, weight gain, hyper-
tension, 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-anal-
ysis 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, postin-
jection 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%), quadri-
ceps/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 care-
fully considered, mainly due to its signifi-
cant 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 tis-
sue injuries used in isolation or as adjunctive
treatment [11].

PRP is created by the process of centrifuga-
tion 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]-bl, platelet-
derived growth factor, basic fibroblast growth
factor, vascular endothelial growth factor, epi-
dermal 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 plate-
let concentration above baseline [15]. However,
recent literature supports defining PRP as a vol-
ume 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 clini-
cally 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 spe-
cific 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 concen-
trated 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 ‘“‘activa-
tion” 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 pro-
cessing 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 sys-
tems 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-1f (IL-1f), tumor
necrosis factor (TNF)-a, 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 tendi-
nopathy [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.

Fact Box

The World Anti-Doping Agency (WADA)
does not prohibit PRP use generally; how-
ever, 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 pre-
clinical 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 out-
comes and early return to play.

45.2.3.1 Bone Marrow Aspirate
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 mar-
row aspirate concentration (BMAC) has gained
popularity in recent years [38]. Aside from pro-
genitor 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 regenera-
tion, 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, rela-
tively low donor site morbidity and a high con-
centration of progenitor cells [42] (Fig. 45.1).
Using a small syringe and multiple aspirations at
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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 esti-
mated 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 trans-
ferred to a lab and undergo cell isolation and cul-
ture 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 treat-
ment of cartilaginous and articular pathologies
(e.g., meniscal injuries) [46-51]; however, there

is a paucity of studies supporting the use of
BMAC for the treatment of soft tissue injuries.

45.2.3.2 Other Cell-Based Therapies
MSC were first discovered in bone marrow; how-
ever, 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 stud-
ies 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 rab-
bit 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 ben-
efit 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 consen-
sus proposed the DOSES tool for describing cell
therapies, which was aimed to allow for better
assessment and comparison of different treat-
ments and techniques in the future [70]. This is of
critical importance as lack of standardization and
rigorous protocols may expose the athlete to seri-
ous adverse side effects and complications,
including severe infections.

Cell-based therapies have an immense poten-
tial 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, dos-
ing, 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 SoftTissue Injuries: Tendons
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 treat-
ment of tendon pathology should begin with dif-
ferentiating 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 prote-
ases and inflammatory mediators and possibly
“jump-start” a healing response. Other consider-
ations include the specific tendon involved, the
location within the tendon (myotendinous junc-
tion, 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-

teur basketball players due to the repetitive jump-
ing and loading subjected to the patellar and
quadriceps tendons. The most common tendinop-
athy 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 histori-
cally 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 bas-
ketball players. Lian et al. described an overall
prevalence of “jumper’s knee” of 14.2% in ath-
letes in their report of 613 athletes with the high-
est 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
arandomized controlled trial comparing LR-PRP
to dry needling for the management of patellar
tendinopathy in 23 patients. At 12 weeks follow-
up, 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 improve-
ment, 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 dif-
ference (p = 0.04); while patients in the dry nee-
dling 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  Blazina classification [75] Ferretti classification [77]  Roels classification [76]
0 No pain
I Pain only following activity without Pain only following intense Pain at the infrapatellar or
functional impairment sports activity with no suprapatellar region following
functional impairment training or event
II Pain during and following activity with ~ Moderate pain during sports Pain at the beginning of activity,
satisfactory performance levels activity with no sports disappearing after warm-up and
performance restriction reappearing after activity
completion
1 More prolonged pain during and Pain with slight sports Pain during and after activity. The
following activity with progressively performance restriction patient is unable to participate in
increasing difficulty in performing at a sports
satisfactory level
v Pain with severe sports Complete rupture of the tendon

performance restriction

v Pain during daily activity
and inability to participate
in sport at any level

Fig. 45.3 Ultrasound-guided PRP injection for the man-
agement of patellar tendinopathy

performed a randomized controlled trial, enroll-
ing 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 assess-
ments. At 2-months there were no significant dif-
ferences 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

(P < 0.05 for all) [81]. Along with these random-
ized controlled studies, several other studies with
a lower evidence level have also supported the
use of PRP for the treatment of patellar tendinop-
athy [82-89].

However not all studies have found PRP to be
beneficial in patellar tendinopathy; a recent level-
I'study by Scott et al. compared LR-PRP, LP-PRP,
and normal saline injection in athletes with patel-
lar 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 involv-
ing 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 pro-
moted 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).

Fact Box

There is evidence to support the use of PRP
injections in persistent patellar tendinopa-
thy. Although, one recent level-I study has
created doubt regarding this issue. More
high-quality research will shed light on the
precise indications, timing, dosing, and
other relevant parameters in the athlete.
Preliminary evidence suggests that cell-
based therapies may play a role in the man-
agement of patellar tendinopathy.

45.3.2 Achilles Tendon Pathology

45.3.2.1 Achilles Tendinopathy
Achilles tendinopathy in the athlete can present
in escalating severity, from a dull pain to a debili-
tating injury precluding play. Many conservative
treatments have been introduced; however, man-
agement of Achilles tendinopathy remains a chal-
lenge in many athletes. A preclinical study by
Solchaga et al. compared the effect of an intra-
tendon delivery of recombinant human platelet-
derived growth factor-BB (rthPDGF-BB), PRP,
and corticosteroids in a rat Achilles tendinopathy
model. Their results demonstrated increased
stiffness and load-to-failure in the thPDGF-BB
when compared to the other groups [93].

Several prospective randomized controlled tri-
als of LR-PRP injections for Achilles tendinopa-
thies 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 injec-
tion 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 injec-
tion when compared to a saline injection. They
did, however, report a significant increase in ten-
don thickness in the PRP group [98].

Boesen et al. have also performed a random-
ized double-blinded prospective trial assessing
the efficacy of PRP for the management of
Achilles tendinopathy in 60 patients, aged 18-59.
They compared the efficacy of eccentric exer-
cises with either (1) a high-volume injection
(HVI) of steroids, saline, and local anesthetics,
(2) four PRP injections each 14 days apart, or (3)
a placebo (a few drops of saline injected under
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
targeted the professional athlete population and
perhaps may not be generalizable to this patient
population. Also, for the elite athlete, reduced
tendon thickness can potentially result in
decreased strength and velocity, as well as harbor
arisk for the dreadful Achilles tendon rupture.

There is limited evidence to support the use of
cell-based therapy in Achilles tendinopathy.
Usuelli et al. conducted a randomized controlled
trial comparing PRP to adipose-derived stromal
vascular fraction (SVF) for the management of
Achilles tendinopathy. They reported signifi-
cantly better functional and pain scores at 15 and
30 days in the SVF group (P < 0.05); however, no
significant differences were measured between
the groups in later follow-ups [100] (Table 45.3).
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45.3.2.2 Achilles Tendon Rupture
Complete rupture of the Achilles tendon is a dev-
astating injury, with only 61.1-68% of profes-
sional 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 follow-
up [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 undergo-
ing 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 injec-
tions 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 tendinop-
athy 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, run-
ning, cutting, and changing pace [120-123].
More specifically, Pau et al. demonstrated a sig-
nificant 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 con-
servative 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 plan-
tar fasciitis with 89% of the American Orthopaedic
Foot and Ankle Society (AOFAS) surgeons per-
forming 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 uti-
lized [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 Botulinum Toxin Type
A (BTX-A)

Elizondo-Rodriguez et al. performed a random-
ized, 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 func-
tional scores measured [126].

45.3.3.3 PRP

Several level-I and level-II studies have com-
pared 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 sup-
ported 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 compar-
ing PRP and corticosteroids for plantar fasciopa-
thy. 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 differ-
ences 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 injec-
tions when compared to corticosteroids
(p = 0.03). However, there was no difference in

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 improve-
ment in pain relief and functional outcomes at 3-
and 6-months follow-up in both groups. There
was no significant difference between the two
treatment modalities [156]. Due to the small sam-
ple 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 fas-
ciitis. Cazzell et al. conducted a multicenter
single-blinded, randomized, controlled trial to
evaluate the safety and efficacy of micronized
dehydrated human amniotic/chorionic mem-
brane (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 sig-
nificantly greater decrease in VAS scores in the
mDHACM group (76%) compared to the con-
trol group (45%) (p < 0.0001). Greater reduc-
tion 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 postinjec-
tion pain and one patient reported postinjection
itching [132]. Zelen et al. published a random-
ized, 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. per-
formed a randomized, controlled, double-
blinded 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 cortico-
steroid injection. Patients were offered to
undergo a second injection at 6-weeks follow-
up 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 per-
formed 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 fourth-
week 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 determin-
ing the true role of these novel injectables
(Table 45.4).

45.3.4 Rotator Cuff Pathology

Several level-I studies assessed the efficacy of
PRP for the management of rotator cuff tendinop-
athy [157-160]. Rha et al. performed a double-
blinded, randomized, controlled study comparing
two injections of LR-PRP to two dry needling ses-
sions for rotator cuff; they report better Shoulder

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 follow-
up. 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 inter-
pretation may be confounded by the lack of report-
ing 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 improve-
ment 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, com-
pared 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 injec-
tion (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 signifi-
cantly more in the BMAC-PRP group at 3 months
(p =0.011) [185] (Table 45.6).

Take-Home Messages

e There is sufficient evidence to recommend the
use of PRP for patellar tendinopathy that is
refractory to a first line of conservative treat-
ment and that it is considered a safe treatment
option. Although, recent level-I study has
raised doubts regarding the benefits of PRP
for patellar tendinopathy.
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High-quality evidence supports the use of
PRP injections for plantar fasciitis due to
slightly greater efficacy compared to cortico-
steroids, accompanied by a presumed lower
complications rate.

Current literature is conflicting and heteroge-
nous regarding the use of PRP for rotator cuff
pathology, Achilles tendinopathy, and for bio-
logic augmentation of Achilles tendon repair.
Studies reporting outcomes of cell-based ther-
apies for the management of soft tissue inju-
ries are limited. Early studies on
amniotic-derived injectables for plantar fasci-
itis are promising but are not sufficient to sup-
port formal clinical recommendations at this
point in time.

In general, orthobiologics have yet to be thor-
oughly 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.

References

. LaPrade RF, Dragoo JL, Koh JL, Murray IR, Geeslin
AG, Chu CR. AAOS research symposium updates
and consensus: biologic treatment of orthopaedic
injuries. J Am Acad Orthop Surg. 2016;24(7):e62.

2. Cole BJ, Frank RM. OrthoBiologics in sports medi-
cine: real-time applications are Here, and future
developments are promising! Clin Sports Med.
2019;38(1):xiii—xiv.

3. Setayesh K, Villarreal A, Gottschalk A, Tokish JM,
Choate WS. Treatment of muscle injuries with
platelet-rich plasma: a review of the literature. Curr
Rev Musculoskelet Med. 2018;11(4):635-42.

4. Nepple JJ, Matava MJ. Soft tissue injections in the
athlete. Sports Health. 2009;1(5):396—404.

5. Baxter JD, Forsham PH. Tissue effects of glucocor-
ticoids. Am J Med. 1972;53(5):573-89.

6. Levine WN, Bergfeld JA, Tessendorf W, Moorman
CT II. Intramuscular corticosteroid injection
for hamstring injuries: a 13-year experience in
the National Football League. Am J Sports Med.
2000;28(3):297-300.

7. Stahl S, Kaufman T. The efficacy of an injection

of steroids for medial epicondylitis. A prospective

study of sixty elbows. JBJS. 1997;79(11):1648-52.

8. DaCruz D, Geeson M, Allen M, Phair I. Achilles

10.

11.

14.

15.

16.

19.

20.

21.

22.

. Marx RE. Platelet-rich plasma (PRP):

paratendonitis: an evaluation of steroid injection. Br
J Sports Med. 1988;22(2):64-5.

. Nichols AW. Complications associated with the use

of corticosteroids in the treatment of athletic inju-
ries. Clin J Sport Med. 2005;15(5):E370.

Hussain ZB, Chahla J, LaPrade RF, Mandelbaum
BR. Orthobiologics: today and tomorrow. In:
Cartilage restoration. Berlin: Springer; 2018.
p. 131-42.

Mishra A, Woodall J Jr, Vieira A. Treatment of ten-
don and muscle using platelet-rich plasma. Clin
Sports Med. 2009;28(1):113-25.

. Boswell SG, Cole BJ, Sundman EA, Karas V, Fortier

LA. Platelet-rich plasma: a milieu of bioactive fac-
tors. Arthroscopy. 2012;28(3):429-39.

. Foster TE, Puskas BL, Mandelbaum BR, Gerhardt

MB, Rodeo SA. Platelet-rich plasma: from basic
science to clinical applications. Am J Sports Med.
2009;37(11):2259-72.

LaPrade RF, Geeslin AG, Murray IR, Musahl V,
Zlotnicki JP, Petrigliano F, et al. Biologic treatments
for sports injuries II think tank—current concepts,
future research, and barriers to advancement, part 1:
biologics overview, ligament injury, tendinopathy.
Am J Sports Med. 2016;44(12):3270-83.

Zhu'Y, Yuan M, Meng H, Wang A, Guo Q, Wang Y,
etal. Basic science and clinical application of platelet-
rich plasma for cartilage defects and osteoarthritis: a
review. Osteoarthr Cartil. 2013;21(11):1627-37.
Dhillon RS, Schwarz EM, Maloney MD. Platelet-
rich plasma therapy-future or trend? Arthritis Res
Ther. 2012;14(4):219.

what
is PRP and what is not PRP? Implant Dent.
2001;10(4):225-8.

. Rughetti A, Giusti I, D’Ascenzo S, Leocata P, Carta

G, Pavan A, et al. Platelet gel-released supernatant
modulates the angiogenic capability of human endo-
thelial cells. Blood Transfus. 2008;6(1):12.

Fleming BC, Proffen BL, Vavken P, Shalvoy MR,
Machan JT, Murray MM. Increased platelet concen-
tration does not improve functional graft healing in
bio-enhanced ACL reconstruction. Knee Surg Sports
Traumatol Arthrosc. 2015;23(4):1161-70.

LaPrade R, Goodrich L, Philipps J. Use of platelet-
rich plasma immediately post-injury to improve liga-
ment healing was not successful in an in vivo animal
model. Am J Sports Med. 2018;46(3):702-12.
Fleming BC, Proffen BL, Vavken P, Shalvoy MR,
Machan JT, Murray MM. Increased platelet concen-
tration does not improve functional graft healing in
bio-enhanced ACL reconstruction. Knee Surg Sports
Traumatol Arthrosc. 2015;23(4):1161-70.

Weibrich G, Hansen T, Kleis W, Buch R, Hitzler
W. Effect of platelet concentration in platelet-rich
plasma on peri-implant bone regeneration. Bone.
2004;34(4):665-71.



580

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Yoshida R, Cheng M, Murray MM. Increasing
platelet concentration in platelet-rich plasma
inhibits anterior cruciate ligament cell func-
tion in three-dimensional culture. J Orthop Res.
2014;32(2):291-5.

Scott A, LaPrade RF, Harmon KG, Filardo G, Kon
E, Della Villa S, et al. Platelet-rich plasma for patel-
lar tendinopathy: a randomized controlled trial of
leukocyte-rich PRP or leukocyte-poor PRP versus
saline. Am J Sports Med. 2019;47(7):1654-61.
Chahla J, Cinque ME, Piuzzi NS, Mannava S,
Geeslin AG, Murray IR, et al. A call for standard-
ization in platelet-rich plasma preparation protocols
and composition reporting: a systematic review of
the clinical orthopaedic literature. J Bone Joint Surg
Am. 2017;99(20):1769-79.

Kawase T. Platelet-rich plasma and its derivatives as
promising bioactive materials for regenerative medi-
cine: basic principles and concepts underlying recent
advances. Odontology. 2015;103(2):126-35.
Cassano JMK, Ross KA, Fraser EJ, Goodale MB,
Fortier LA Bone marrow concentrate and platelet-
rich plasma differ in cell distribution and interleukin
1 receptor antagonist protein concentration. Knee
Surg Sports Traumatol Arthrosc 2016.

Castillo TN, Pouliot MA, Kim HJ, Dragoo
JL. Comparison of growth factor and platelet concen-
tration from commercial platelet-rich plasma separa-
tion systems. Am J Sports Med. 2011;39(2):266-71.
Amable PR, Carias RB, Teixeira MV, da Cruz PI,
Correa do Amaral RJ, Granjeiro JM, et al. Platelet-
rich plasma preparation for regenerative medicine:
optimization and quantification of cytokines and
growth factors. Stem Cell Res Ther. 2013;4(3):67.
Dhurat R, Sukesh M. Principles and methods
of preparation of platelet-rich plasma: a review
and Author’s perspective. J Cutan Aesthet Surg.
2014:7(4):189-97.

Fontenot RL, Sink CA, Werre SR, Weinstein NM,
Dahlgren LA. Simple tube centrifugation for pro-
cessing platelet-rich plasma in the horse. Can Vet J.
2012;53(12):1266-72.

Dragoo JL, Braun HJ, Durham JL, Ridley BA,
Odegaard JI, Luong R, et al. Comparison of the
acute inflammatory response of two commercial
platelet-rich plasma systems in healthy rabbit ten-
dons. Am J Sports Med. 2012;40(6):1274-81.
McCarrel T, Fortier L. Temporal growth factor
release from platelet-rich plasma, trehalose lyophi-
lized platelets, and bone marrow aspirate and their
effect on tendon and ligament gene expression. J
Orthop Res. 2009;27(8):1033-42.

Sundman EA, Cole BJ, Fortier LA. Growth factor
and catabolic cytokine concentrations are influenced
by the cellular composition of platelet-rich plasma.
Am J Sports Med. 2011;39(10):2135-40.

Riboh JC, Saltzman BM, Yanke AB, Fortier L, Cole
BIJ. Effect of leukocyte concentration on the efficacy
of platelet-rich plasma in the treatment of knee osteo-
arthritis. Am J Sports Med. 2016;44(3):792-800.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

R. Gilat et al.
Hanisch K, Wedderkopp N. Platelet-rich plasma
(PRP) treatment of noninsertional Achilles

tendinopathy in a two case series: no significant dif-
ference in effect between leukocyte-rich and leuko-
cyte-poor PRP. Orthop Res Rev. 2019;11:55.
(WADA) WA-DA. List of prohibited substances
and methods; 2019. https://www.wada-ama.org/en/
content/what-is-prohibited.

Chahla J, Dean CS, Moatshe G, Pascual-Garrido
C, Serra Cruz R, LaPrade RF. Concentrated bone
marrow aspirate for the treatment of chondral
injuries and osteoarthritis of the knee: a system-
atic review of outcomes. Orthop J Sports Med.
2016;4(1):2325967115625481.

Indrawattana N, Chen G, Tadokoro M, Shann LH,
Ohgushi H, Tateishi T, et al. Growth factor combina-
tion for chondrogenic induction from human mesen-
chymal stem cell. Biochem Biophys Res Commun.
2004;320(3):914-9.

Schnabel LV, Mohammed HO, Miller BJ,
McDermott WG, Jacobson MS, Santangelo KS,
et al. Platelet rich plasma (PRP) enhances anabolic
gene expression patterns in flexor digitorum superfi-
cialis tendons. J Orthop Res. 2007;25(2):230—-40.
Sampson S, Bemden ABV, Aufiero D. Autologous
bone marrow concentrate: review and application
of a novel intra-articular orthobiologic for cartilage
disease. Phys Sportsmed. 2013;41(3):7-18.

Hyer CF, Berlet GC, Bussewitz BW, Hankins T,
Ziegler HL, Philbin TM. Quantitative assessment
of the yield of osteoblastic connective tissue pro-
genitors in bone marrow aspirate from the iliac crest,
tibia, and calcaneus. JBJS. 2013;95(14):1312-6.
Hernigou P, Homma Y, Lachaniette CHF, Poignard
A, Allain J, Chevallier N, et al. Benefits of small
volume and small syringe for bone marrow aspi-
rations of mesenchymal stem cells. Int Orthop.
2013;37(11):2279-87.

Caplan AlL. Mesenchymal stem cells. J Orthop Res.
1991;9(5):641-50.

Pittenger MF, Mackay AM, Beck SC, Jaiswal RK,
Douglas R, Mosca JD, et al. Multilineage potential
of adult human mesenchymal stem cells. Science.
1999;284(5411):143-7.

Duygulu F, Demirel M, Atalan G, Kaymaz FF,
Kocabey Y, Dulgeroglu TC. Effects of intra-articular
administration of autologous bone marrow aspirate
on healing of full-thickness meniscal tear: an experi-
mental study on sheep. Acta Orthop Traumatol Turc.
2012;46(1):61-7.

Fortier LA, Potter HG, Rickey EJ, Schnabel LV,
Foo LF, Chong LR, et al. Concentrated bone mar-
row aspirate improves full-thickness cartilage repair
compared with microfracture in the equine model.
JBJS. 2010;92(10):1927-37.

Gobbi A, Karnatzikos G, Sankineani SR. One-
step surgery with multipotent stem cells for the
treatment of large full-thickness chondral defects
of the knee. Am J Sports Med. 2014;42(3):
648-57.


https://www.wada-ama.org/en/content/what-is-prohibited
https://www.wada-ama.org/en/content/what-is-prohibited

45

The Role of Orthobiologics in the Management of Tendon and Fascia Injuries in Sports

581

49.

50.

5

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Kim J-D, Lee GW, Jung GH, Kim CK, Kim T, Park
JH, et al. Clinical outcome of autologous bone mar-
row aspirates concentrate (BMAC) injection in
degenerative arthritis of the knee. Eur J Orthop Surg
Traumatol. 2014;24(8):1505-11.

Krych AJ, Nawabi DH, Farshad-Amacker NA, Jones
KJ, Maak TG, Potter HG, et al. Bone marrow con-
centrate improves early cartilage phase maturation of
a scaffold plug in the knee: a comparative magnetic
resonance imaging analysis to platelet-rich plasma
and control. Am J Sports Med. 2016;44(1):91-8.

. Saw K-Y, Hussin P, Loke S-C, Azam M, Chen H-C,

Tay Y-G, et al. Articular cartilage regeneration with
autologous marrow aspirate and hyaluronic acid: an
experimental study in a goat model. Arthroscopy.
2009;25(12):1391-400.

Young HE, Steele TA, Bray RA, Hudson J, Floyd
JA, Hawkins K, et al. Human reserve pluripotent
mesenchymal stem cells are present in the connec-
tive tissues of skeletal muscle and dermis derived
from fetal, adult, and geriatric donors. Anat Rec.
2001;264(1):51-62.

Asatrian G, Pham D, Hardy WR, James AW, Peault
B. Stem cell technology for bone regeneration: cur-
rent status and potential applications. Stem Cells
Cloning. 2015;8:39.

Weber AE, Mlynarek RA, Cole BJ, Bedi
A. Overview on small molecule biologic and gene-
based treatments in sports medicine. Oper Tech
Orthop. 2016;26(2):62-7.

Pipino C, Pandolfi A. Osteogenic differentiation of
amniotic fluid mesenchymal stromal cells and their
bone regeneration potential. World J Stem Cells.
2015;7(4):681.

Miana VV, Gonzalez EAP. Adipose tissue stem cells
in regenerative medicine. Ecancermedicalscience.
2018;12:822.

Minamide A, Yoshida M, Kawakami M, Yamasaki S,
Kojima H, Hashizume H, et al. The use of cultured
bone marrow cells in type I collagen gel and porous
hydroxyapatite for posterolateral lumbar spine
fusion. Spine. 2005;30(10):1134-8.

Fernandes MBC, Guimardes JAM, Casado PL, dos
Santos CA, Goncalves NN, Ambrésio CE, et al.
The effect of bone allografts combined with bone
marrow stromal cells on the healing of segmen-
tal bone defects in a sheep model. BMC Vet Res.
2014;10(1):36.

Wakitani S, Goto T, Pineda SJ, Young RG, Mansour
IM, Caplan Al et al. Mesenchymal cell-based repair
of large, full-thickness defects of articular cartilage.
J Bone Joint Surg Am. 1994;76(4):579-92.

Dragoo JL, Carlson G, McCormick F, Khan-Farooqi
H, Zhu M, Zuk PA, et al. Healing full-thickness
cartilage defects using adipose-derived stem cells.
Tissue Eng. 2007;13(7):1615-21.

Chang CH, Kuo TF, Lin FH, Wang JH, Hsu YM,
Huang HT, et al. Tissue engineering-based cartilage
repair with mesenchymal stem cells in a porcine
model. J Orthop Res. 2011;29(12):1874-80.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Tay LX, Ahmad RE, Dashtdar H, Tay K, Masjuddin
T, Ab-Rahim S, et al. Treatment outcomes of
alginate-embedded allogenic mesenchymal stem
cells versus autologous chondrocytes for the repair
of focal articular cartilage defects in a rabbit model.
Am J Sports Med. 2012;40(1):83-90.

Sato M, Uchida K, Nakajima H, Miyazaki T,
Guerrero AR, Watanabe S, et al. Direct transplanta-
tion of mesenchymal stem cells into the knee joints
of Hartley strain Guinea pigs with spontaneous
osteoarthritis. Arthritis Res Ther. 2012;14(1):R31.
Gulotta LV, Kovacevic D, Packer JD, Deng XH,
Rodeo SA. Bone marrow—derived mesenchymal
stem cells transduced with scleraxis improve rota-
tor cuff healing in a rat model. Am J Sports Med.
2011;39(6):1282-9.

Yokoya S, Mochizuki Y, Natsu K, Omae H, Nagata
Y, Ochi M. Rotator cuff regeneration using a bio-
absorbable material with bone marrow—derived mes-
enchymal stem cells in a rabbit model. Am J Sports
Med. 2012:;40(6):1259-68.

Gulotta LV, Kovacevic D, Ehteshami JR, Dagher
E, Packer JD, Rodeo SA. Application of bone
marrow-derived mesenchymal stem cells in a
rotator cuff repair model. Am J Sports Med.
2009;37(11):2126-33.

Gulotta LV, Kovacevic D, Montgomery S,
Ehteshami JR, Packer JD, Rodeo SA. Stem cells
genetically modified with the developmental gene
MT1-MMP improve regeneration of the supraspina-
tus tendon-to-bone insertion site. Am J Sports Med.
2010;38(7):1429-37.

Chen C-H, Chang C-H, Wang K-C, Su C-I, Liu H-T,
Yu C-M, et al. Enhancement of rotator cuff tendon—
bone healing with injectable periosteum progenitor
cells-BMP-2 hydrogel in vivo. Knee Surg Sports
Traumatol Arthrosc. 2011;19(9):1597-607.

Ma R, Schir M, Chen T, Wang H, Wada S, Ju X,
et al. Use of human placenta-derived cells in a
preclinical model of tendon injury. JBJS. 2019;
101(13):e61.

Murray IR, Chahla J, Safran MR, Krych AJ, Saris
DB, Caplan Al, et al. International expert consensus
on a cell therapy communication tool: DOSES. JBJS.
2019;101(10):904-11.

Hernigou P, Lachaniette CHF, Delambre J, Zilber S,
Duffiet P, Chevallier N, et al. Biologic augmentation
of rotator cuff repair with mesenchymal stem cells
during arthroscopy improves healing and prevents
further tears: a case-controlled study. Int Orthop.
2014;38(9):1811-8.

Ho JO, Sawadkar P, Mudera V. A review on the use
of cell therapy in the treatment of tendon disease and
injuries. J Tiss Eng. 2014;5:2041731414549678.
Piuzzi NS, Dominici M, Long M, Pascual-Garrido
C, Rodeo S, Huard J, et al. Proceedings of the sig-
nature series symposium “cellular therapies for
orthopaedics and musculoskeletal disease proven
and unproven therapies—promise, facts and fan-
tasy,” international society for cellular therapies,



582

R. Gilat et al.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83

84.

85.

86.

87.

88.

Montreal, Canada, may 2, 2018. Cytotherapy.
2018;20(11):1381-400.

King D, Yakubek G, Chughtai M, Khlopas A, Saluan
P, Mont MA, et al. Quadriceps tendinopathy: a
review, part 2—classification, prognosis, and treat-
ment. Ann Transl Med. 2019;7(4).

Blazina M. Jumper’s knee. Orthop Clin North Am.
1973;4:665-78.

Roels J, Martens M, Mulier J, Burssens A. Patellar
tendinitis (jumper’s knee). Am J Sports Med.
1978;6(6):362-8.

Ferretti A, Conteduca F, Camerucci E, Morelli
F. Patellar tendinosis: a follow-up study of surgical
treatment. JBJS. 2002;84(12):2179-85.

Lian @B, Engebretsen L, Bahr R. Prevalence of
jumper’s knee among elite athletes from different
sports: a cross-sectional study. Am J Sports Med.
2005;33(4):561-7.

Zwerver J, Bredeweg SW, van den Akker-Scheek
1. Prevalence of Jumper’s knee among nonelite ath-
letes from different sports: a cross-sectional survey.
Am J Sports Med. 2011;39(9):1984-8.

Dragoo JL, Wasterlain AS, Braun HJ, Nead
KT. Platelet-rich plasma as a treatment for patellar
tendinopathy: a double-blind, randomized controlled
trial. Am J Sports Med. 2014;42(3):610-8.

Vetrano M, Castorina A, Vulpiani MC, Baldini
R, Pavan A, Ferretti A. Platelet-rich plasma ver-
sus focused shock waves in the treatment of
jumper’s knee in athletes. Am J Sports Med.
2013;41(4):795-803.

Kon E, Filardo G, Delcogliano M, Presti ML, Russo
A, Bondi A, et al. Platelet-rich plasma: new clinical
application: a pilot study for treatment of jumper’s
knee. Injury. 2009;40(6):598-603.

. Filardo G, Kon E, Della Villa S, Vincentelli F,

Fornasari PM, Marcacci M. Use of platelet-rich
plasma for the treatment of refractory jumper’s knee.
Int Orthop. 2010;34(6):909-15.

Ferrero G, Fabbro E, Orlandi D, Martini C, Lacelli
F, Serafini G, et al. Ultrasound-guided injection
of platelet-rich plasma in chronic Achilles and
patellar tendinopathy. J Ultrasound. 2012;15(4):
260-6.

Gosens T, Den Oudsten BL, Fievez E, van’t Spijker
P, Fievez A. Pain and activity levels before and after
platelet-rich plasma injection treatment of patel-
lar tendinopathy: a prospective cohort study and
the influence of previous treatments. Int Orthop.
2012;36(9):1941-6.

van Ark M, Zwerver J, van den Akker-Scheek
I. Injection treatments for patellar tendinopathy. Br
J Sports Med. 2011;45(13):1068-76.

Volpi P, Quaglia A, Schoenhuber H, Melegati G,
Corsi M, Banfi G. Growth factors in the manage-
ment of sport-induced tendinopathies: results after
24 months from treatment. A pilot study. J Sports
Med Phys Fitness. 2010;50(4):494-500.

Volpi P, Marinoni L, Bait C, De Girolamo L,
Schoenhuber H. Treatment of chronic patellar ten-

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

dinosis with buffered platelet rich plasma: a prelimi-
nary study. 2007.

Charousset C, Zaoui A, Bellaiche L, Bouyer B. Are
multiple platelet-rich plasma injections useful
for treatment of chronic patellar tendinopathy in
athletes? A prospective study. Am J Sports Med.
2014;42(4):906-11.

Ni M, Lui PPY, Rui YF, Lee YW, Lee YW, Tan Q,
et al. Tendon-derived stem cells (TDSCs) promote
tendon repair in a rat patellar tendon window defect
model. J Orthop Res. 2012;30(4):613-9.
Pascual-Garrido C, Rolén A, Makino A. Treatment
of chronic patellar tendinopathy with autologous
bone marrow stem cells: a 5-year-followup. Stem
Cells Int. 2012;2012.

Clarke AW, Alyas F, Morris T, Robertson CJ, Bell
J, Connell DA. Skin-derived tenocyte-like cells for
the treatment of patellar tendinopathy. Am J Sports
Med. 2011;39(3):614-23.

Solchaga LA, Bendele A, Shah V, Snel LB, Kestler
HK, Dines JS, et al. Comparison of the effect of
intra-tendon applications of recombinant human
platelet-derived growth factor-BB, platelet-rich
plasma, steroids in a rat achilles tendon collagenase
model. J Orthop Res. 2014;32(1):145-50.

Kearney R, Parsons N, Costa M. Achilles tendi-
nopathy management: a pilot randomised controlled
trial comparing platelet-rich plasma injection with
an eccentric loading programme. Bone Joint Res.
2013;2(10):227-32.

Kearney RS, Parsons N, Metcalfe D, Costa
ML. Injection therapies for Achilles tendinopathy.
Cochrane Database Syst Rev. 2015(5).

Lin M-T, Chiang C-F, Wu C-H, Hsu H-H, Tu
Y-K. Meta-analysis comparing autologous blood-
derived products (including platelet-rich plasma)
injection versus placebo in patients with Achilles
tendinopathy. Arthroscopy. 2018;34(6):1966-75.e5.
de Jonge S, de Vos RJ, Weir A, van Schie HT,
Bierma-Zeinstra SM, Verhaar JA, et al. One-year
follow-up of platelet-rich plasma treatment in
chronic Achilles tendinopathy: a double-blind ran-
domized placebo-controlled trial. Am J Sports Med.
2011;39(8):1623-30.

Krogh TP, Ellingsen T, Christensen R, Jensen P,
Fredberg U. Ultrasound-guided injection therapy of
Achilles tendinopathy with platelet-rich plasma or
saline: a randomized, blinded, placebo-controlled
trial. Am J Sports Med. 2016;44(8):1990-7.

Boesen AP, Hansen R, Boesen MI, Malliaras P,
Langberg H. Effect of high-volume injection,
platelet-rich plasma, and sham treatment in chronic
midportion Achilles tendinopathy: a randomized
double-blinded prospective study. Am J Sports Med.
2017:45(9):2034-43.

Usuelli FG, Grassi M, Maccario C, Lanfranchi
L, Montrasio UA, de Girolamo L. Intratendinous
adipose-derived stromal vascular fraction (SVF)
injection provides a safe, efficacious treatment for
Achilles tendinopathy: results of a randomized con-



45

The Role of Orthobiologics in the Management of Tendon and Fascia Injuries in Sports

583

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

trolled clinical trial at a 6-month follow-up. Knee Surg
Sports Traumatol Arthrosc. 2018;26(7):2000-10.
Trofa DP, Miller JC, Jang ES, Woode DR, Greisberg
JK, Vosseller JT. Professional athletes’ return to
play and performance after operative repair of
an Achilles tendon rupture. Am J Sports Med.
2017:45(12):2864-71.

Amin NH, Old AB, Tabb LP, Garg R, Toossi N,
Cerynik DL. Performance outcomes after repair
of complete Achilles tendon ruptures in National
Basketball Association players. Am J Sports Med.
2013;41(8):1864-8.

Allahverdi A, Sharifi D, Takhtfooladi MA, Hesaraki
S, Khansari M, Dorbeh SS. Evaluation of low-level
laser therapy, platelet-rich plasma, and their combi-
nation on the healing of Achilles tendon in rabbits.
Lasers Med Sci. 2015;30(4):1305-13.

Chen L, Dong SW, Liu JP, Tao X, Tang KL, Xu
JZ. Synergy of tendon stem cells and platelet-
rich plasma in tendon healing. J Orthop Res.
2012;30(6):991-7.

Cummings SH, Grande DA, Hee CK, Kestler HK,
Roden CM, Shah NV, et al. Effect of recombinant
human platelet-derived growth factor-BB-coated
sutures on Achilles tendon healing in a rat model:
a histological and biomechanical study. J Tiss Eng.
2012:3(1):2041731412453577.

Kaux JF, Drion PV, Colige A, Pascon F, Libertiaux
V, Hoffmann A, et al. Effects of platelet-rich plasma
(PRP) on the healing of a chilles tendons of rats.
Wound Repair Regen. 2012;20(5):748-56.

Kim HJ, Nam H-W, Hur C-Y, Park M, Yang HS,
Kim B-S, et al. The effect of platelet rich plasma
from bone marrow aspirate with added bone mor-
phogenetic protein-2 on the Achilles tendon-bone
junction in rabbits. Clin Orthop Surg. 2011;3(4):
325-31.

Lyras DN, Kazakos K, Georgiadis G, Mazis G,
Middleton R, Richards S, et al. Does a single appli-
cation of PRP alter the expression of IGF-I in the
early phase of tendon healing? J Foot Ankle Surg.
2011;50(3):276-82.

Lyras DN, Kazakos K, Tryfonidis M, Agrogiannis
G, Botaitis S, Kokka A, et al. Temporal and spatial
expression of TGF-P1 in an Achilles tendon section
model after application of platelet-rich plasma. Foot
Ankle Surg. 2010;16(3):137-41.

Virchenko O, Aspenberg P. How can one platelet
injection after tendon injury lead to a stronger ten-
don after 4 weeks?: interplay between early regen-
eration and mechanical stimulation. Acta Orthop.
2006;77(5):806-12.

Yuksel S, Gulec MA, Gultekin MZ, Adanir O,
Caglar A, Beytemur O, et al. Comparison of the
early period effects of bone marrow-derived mes-
enchymal stem cells and platelet-rich plasma on the
Achilles tendon ruptures in rats. Connect Tissue Res.
2016;57(5):360-73.

Aspenberg P. Platelet concentrates and Achilles ten-
don healing. J Orthop Res. 2013;31(9):1500.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Andersson T, Eliasson P, Hammerman M, Sandberg
O, Aspenberg P. Low-level mechanical stimulation
is sufficient to improve tendon healing in rats. J Appl
Physiol. 2012;113(9):1398-402.

Kraus T, Imhoff F, Reinert J, Wexel G, Wolf A,
Hirsch D, et al. Stem cells and bFGF in tendon
healing: effects of lentiviral gene transfer and long-
term follow-up in a rat Achilles tendon defect model.
BMC Musculoskelet Disord. 2016;17(1):148.
Schepull T, Kvist J, Norrman H, Trinks M, Berlin
G, Aspenberg P. Autologous platelets have no effect
on the healing of human achilles tendon ruptures: a
randomized single-blind study. Am J Sports Med.
2011;39(1):38-47.

De Carli A, Lanzetti RM, Ciompi A, Lupariello D,
Vadala A, Argento G, et al. Can platelet-rich plasma
have a role in Achilles tendon surgical repair? Knee
Surg Sports Traumatol Arthrosc. 2016;24(7):2231-7.
Sanchez M, Anitua E, Azofra J, Andia I, Padilla S,
Mujika I. Comparison of surgically repaired Achilles
tendon tears using platelet-rich fibrin matrices. Am J
Sports Med. 2007;35(2):245-51.

Zou J, Mo X, Shi Z, Li T, Xue J, Mei G, et al. A
prospective study of platelet-rich plasma as biologi-
cal augmentation for acute Achilles tendon rupture
repair. Biomed Res Int. 2016;2016.

Stein BE, Stroh DA, Schon LC. Outcomes of acute
Achilles tendon rupture repair with bone marrow
aspirate concentrate augmentation. Int Orthop.
2015;39(5):901-5.

Losito JM. Basketball and volleyball. In: Athletic
footwear and Orthoses in sports medicine. Berlin:
Springer; 2017. p. 381-7.

Daffé M, Kivandat D, Dembélé B. Epidemiological
study of Technopaties in amateur basketball players.
Orthop Traumatol Sports Med Int J. 2018;1:17-20.
Sobhani S, Dekker R, Postema K, Dijkstra
PU. Epidemiology of ankle and foot overuse inju-
ries in sports: a systematic review. Scand J Med Sci
Sports. 2013;23(6):669-86.

Chen Y, Li JX, Hong Y, Wang L. Plantar stress-
related injuries in male basketball players: variations
on plantar loads during different maximum-effort
maneuvers. Biomed Res Int. 2018;2018.

Pau M, Ciuti C. Stresses in the plantar region for
long-and short-range throws in women basketball
players. Eur J Sport Sci. 2013;13(5):575-81.
Petraglia F, Ramazzina I, Costantino C. Plantar fas-
ciitis in athletes: diagnostic and treatment strategies.
A systematic review. Muscles Ligaments Tendons J.
2017;7(1):107.

Elizondo-Rodriguez J, Araujo-Lopez Y, Moreno-
Gonzalez JA, Cardenas-Estrada E, Mendoza-Lemus
0O, Acosta-Olivo C. A comparison of botulinum
toxin a and intralesional steroids for the treatment
of plantar fasciitis: a randomized, double-blinded
study. Foot Ankle Int. 2013;34(1):8-14.

Monto RR. Platelet-rich plasma efficacy versus cor-
ticosteroid injection treatment for chronic severe
plantar fasciitis. Foot Ankle Int. 2014;35(4):313-8.



584

R. Gilat et al.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Le AD, Enweze L, DeBaun MR, Dragoo JL. Platelet-
rich plasma. Clin Sports Med. 2019;38(1):17-44.
Hanselman AE, Tidwell JE, Santrock
RD. Cryopreserved human amniotic membrane
injection for plantar fasciitis: a randomized, con-
trolled, double-blind pilot study. Foot Ankle Int.
2015;36(2):151-8.

Werber B. Amniotic tissues for the treatment of
chronic plantar fasciosis and Achilles tendinosis. J
Sports Med. 2015;2015.

Zelen CM, Poka A, Andrews J. Prospective, ran-
domized, blinded, comparative study of injectable
micronized dehydrated amniotic/chorionic mem-
brane allograft for plantar fasciitis—a feasibility
study. Foot Ankle Int. 2013;34(10):1332-9.

Cazzell S, Stewart J, Agnew PS, Senatore J, Walters
J, Murdoch D, et al. Randomized controlled trial
of micronized dehydrated human amnion/chorion
membrane (lHACM) injection compared to placebo
for the treatment of plantar fasciitis. Foot Ankle Int.
2018;39(10):1151-61.

Johnson JE, Klein SE, Putnam RM. Corticosteroid
injections in the treatment of foot & ankle dis-
orders: an AOFAS survey. Foot Ankle Int. 2011;
32(4):394-9.

de Cesar NC, da Fonseca LF, Nascimento FS,
O’Daley AE, Tan EW, Dein EJ, et al. ¥ diagnostic
and therapeutic injections of the foot and ankle—an
overview. Foot Ankle Surg. 2018;24(2):99-106.
Schulhofer SD. Short-term benefits of ultrasound-
guided corticosteroid injection in plantar fasciitis.
Clin J Sport Med. 2013;23(1):83-4.

LiZ, XiaC,YuA, Qi B. Ultrasound-versus palpation-
guided injection of corticosteroid for plantar fasci-
itis: a meta-analysis. PLoS One. 2014;9(3):¢92671.
Acevedo JI, Beskin JL. Complications of plantar fas-
cia rupture associated with corticosteroid injection.
Foot Ankle Int. 1998;19(2):91-7.

Leach R, Jones R, Silva T. Rupture of the plantar
fascia in athletes. JBJS. 1978;60(4):537-9.

Ahstrom JRJP. Spontaneous rupture of the plantar
fascia. Am J Sports Med. 1988;16(3):306-7.
Neufeld SK, Cerrato R. Plantar fasciitis: evaluation
and treatment. JAAOS. 2008;16(6):338—46.
Acosta-Olivo C, Elizondo-Rodriguez J, Lopez-
Cavazos R, Vilchez-Cavazos F, Simental-Mendia M,
Mendoza-Lemus O. Plantar fasciitis—a compari-
son of treatment with intralesional steroids versus
platelet-rich plasma: a randomized, blinded study. J
Am Podiatr Med Assoc. 2017;107(6):490-6.

Jain K, Murphy PN, Clough TM. Platelet rich plasma
versus corticosteroid injection for plantar fasciitis: a
comparative study. Foot. 2015;25(4):235-7.
Mahindra P, Yamin M, Selhi HS, Singla S, Soni
A. Chronic plantar fasciitis: effect of platelet-rich
plasma, corticosteroid, and placebo. Orthopedics.
2016;39(2):e285—9.

Sherpy NA, Hammad MA, Hagrass HA, Samir H,
Abu-ElMaaty SE, Mortada MA. Local injection of
autologous platelet rich plasma compared to cortico-

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

steroid treatment of chronic plantar fasciitis patients:
a clinical and ultrasonographic follow-up study.
Egypt Rheumatol. 2016;38(3):247-52.

Tiwari M, Bhargava R. Platelet rich plasma therapy:
a comparative effective therapy with promising
results in plantar fasciitis. J Clin Orthop Trauma.
2013:4(1):31-5.

Vahdatpour B, Kianimehr L, Moradi A, Haghighat
S. Beneficial effects of platelet-rich plasma on
improvement of pain severity and physical disability
in patients with plantar fasciitis: a randomized trial.
Adv Biomed Res. 2016;5.

Aksahin E, Dogruyol D, Yiiksel HY, Hapa O, Dogan
0, Celebi L, et al. The comparison of the effect
of corticosteroids and platelet-rich plasma (PRP)
for the treatment of plantar fasciitis. Arch Orthop
Trauma Surg. 2012;132(6):781-5.

Jain SK, Suprashant K, Kumar S, Yadav A, Kearns
SR. Comparison of plantar fasciitis injected with
platelet-rich plasma vs corticosteroids. Foot Ankle
Int. 2018;39(7):780-6.

Omar AS, Ibrahim ME, Ahmed AS, Said M. Local
injection of autologous platelet rich plasma and cor-
ticosteroid in treatment of lateral epicondylitis and
plantar fasciitis: randomized clinical trial. Egypt
Rheumatol. 2012;34(2):43-9.

Shetty VD, Dhillon M, Hegde C, Jagtap P, Shetty
S. A study to compare the efficacy of corticosteroid
therapy with platelet-rich plasma therapy in recal-
citrant plantar fasciitis: a preliminary report. Foot
Ankle Surg. 2014;20(1):10-3.

Say F, Giirler D, Inkaya E, Biilbiil M. Comparison
of platelet-rich plasma and steroid injection in the
treatment of plantar fasciitis. Acta Orthop Traumatol
Turc. 2014;48(6):667-72.

Puri VP, Gaur AK. A comparative study between
local injection of autologous platelet rich plasma and
injection of corticosteroid in functional improvement
of plantar fasciitis. Int Surg J. 2019;6(3):653-7.
Shetty SH, Dhond A, Arora M, Deore S. Platelet-
rich plasma has better Long-term results than
corticosteroids or placebo for chronic plantar fas-
ciitis: randomized control trial. J Foot Ankle Surg.
2019:58(1):42-6.

Singh P, Madanipour S, Bhamra JS, Gill I. A system-
atic review and meta-analysis of platelet-rich plasma
versus corticosteroid injections for plantar fasciopa-
thy. Int Orthop. 2017;41(6):1169-81.

Yang W-y, Han Y-h, Cao X-w, Pan J-k, Zeng L-f,
Lin J-t, et al. Platelet-rich plasma as a treatment for
plantar fasciitis: a meta-analysis of randomized con-
trolled trials. Medicine. 2017;96(44).

Malahias M-A, Mavrogenis AF, Nikolaou VS,
Megaloikonomos PD, Kazas ST, Chronopoulos E,
et al. Similar effect of ultrasound-guided platelet-
rich plasma versus platelet-poor plasma injections
for chronic plantar fasciitis. Foot. 2019;38:30-3.
Kesikburun S, Tan AK, Yilmaz B, Yasar E, Yazicioglu
K. Platelet-rich plasma injections in the treatment of
chronic rotator cuff tendinopathy: a randomized con-



45

The Role of Orthobiologics in the Management of Tendon and Fascia Injuries in Sports

585

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

trolled trial with 1-year follow-up. Am J Sports Med.
2013;41(11):2609-16.

ITlhanli I, Guder N, Gul M. Platelet-rich plasma treat-
ment with physical therapy in chronic partial supra-
spinatus tears. Iran Red Crescent Med J. 2015;17(9).
D-w R, Park G-Y, Kim Y-K, Kim MT, Lee
SC. Comparison of the therapeutic effects of
ultrasound-guided platelet-rich plasma injection and
dry needling in rotator cuff disease: a randomized
controlled trial. Clin Rehabil. 2013;27(2):113-22.
Nejati P, Ghahremaninia A, Naderi F, Gharibzadeh
S, Mazaherinezhad A. Treatment of subacromial
impingement syndrome: platelet-rich plasma or exer-
cise therapy? A randomized controlled trial. Orthop
J Sports Med. 2017;5(5):2325967117702366.
Hurley ET, Hannon CP, Pauzenberger L, Fat DL,
Moran CJ, Mullett H. Nonoperative treatment of
rotator cuff disease with platelet-rich plasma: a
systematic review of randomized controlled trials.
Arthroscopy. 2019.

Zhang Z, Wang Y, Sun J. The effect of platelet-rich
plasma on arthroscopic double-row rotator cuff
repair: a clinical study with 12-month follow-up.
Acta Orthop Traumatol Turc. 2016;50(2):191-7.
Flury M, Rickenbacher D, Schwyzer H-K, Jung
C, Schneider MM, Stahnke K, et al. Does pure
platelet-rich plasma affect postoperative clinical
outcomes after arthroscopic rotator cuff repair?
A randomized controlled trial. Am J Sports Med.
2016:44(8):2136-46.

Pandey V, Bandi A, Madi S, Agarwal L, Acharya
KK, Maddukuri S, et al. Does application of mod-
erately concentrated platelet-rich plasma improve
clinical and structural outcome after arthroscopic
repair of medium-sized to large rotator cuff tear?
A randomized controlled trial. J Shoulder Elb Surg.
2016;25(8):1312-22.

Zumstein MA, Rumian A, Thélu CE, Lesbats V,
O’Shea K, Schaer M, et al. SECEC research Grant
2008 II: use of platelet-and leucocyte-rich fibrin
(L-PRF) does not affect late rotator cuff tendon heal-
ing: a prospective randomized controlled study. J
Shoulder Elb Surg. 2016;25(1):2-11.

Carr AJ, Murphy R, Dakin SG, Rombach I, Wheway
K, Watkins B, et al. Platelet-rich plasma injection
with arthroscopic acromioplasty for chronic rotator
cuff tendinopathy: a randomized controlled trial. Am
J Sports Med. 2015;43(12):2891-7.

Wang A, McCann P, Colliver J, Koh E, Ackland T,
Joss B, et al. Do postoperative platelet-rich plasma
injections accelerate early tendon healing and func-
tional recovery after arthroscopic supraspinatus
repair? A randomized controlled trial. Am J Sports
Med. 2015;43(6):1430-7.

Hak A, Rajaratnam K, Ayeni OR, Moro J, Peterson
D, Sprague S, et al. A double-blinded placebo ran-
domized controlled trial evaluating short-term
efficacy of platelet-rich plasma in reducing postop-
erative pain after arthroscopic rotator cuff repair: a
pilot study. Sports Health. 2015;7(1):58-66.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

Werthel J-D, Pelissier A, Massin P, Boyer P, Valenti
P. Arthroscopic double row cuff repair with suture-
bridging and autologous conditioned plasma injec-
tion: functional and structural results. Int J Should
Surg. 2014;8(4):101.

Malavolta EA, Gracitelli MEC, Ferreira Neto AA,
Assunc¢do JH, Bordalo-Rodrigues M, de Camargo
OP. Platelet-rich plasma in rotator cuff repair: a
prospective randomized study. Am J Sports Med.
2014:42(10):2446-54.

Zumstein MA, Rumian A, Lesbats V, Schaer M,
Boileau P. Increased vascularization during early
healing after biologic augmentation in repair of
chronic rotator cuff tears using autologous leukocyte-
and platelet-rich fibrin (L-PRF): a prospective ran-
domized controlled pilot trial. J Shoulder Elb Surg.
2014;23(1):3-12.

Jo CH, Shin JS, Lee YG, Shin WH, Kim H, Lee SY,
et al. Platelet-rich plasma for arthroscopic repair of
large to massive rotator cuff tears: a randomized,
single-blind, parallel-group trial. Am J Sports Med.
2013;41(10):2240-8.

ANTURA S, Barco R, Martinez Diez JM, Sanchez
Marquez JM. Platelet-rich fibrin in arthroscopic
repair of massive rotator cuff tears: a prospective
randomized pilot clinical trial. Acta Orthop Belg.
2013;79(1):25-30.

Castricini R, Longo UG, De Benedetto M, Panfoli
N, Pirani P, Zini R, et al. Platelet-rich plasma aug-
mentation for arthroscopic rotator cuff repair: a
randomized controlled trial. Am J Sports Med.
2011;39(2):258-65.

Randelli PS, Arrigoni P, Cabitza P, Volpi P, Maffulli
N. Autologous platelet rich plasma for arthroscopic
rotator cuff repair. A pilot study. Disabil Rehabil.
2008;30(20-22):1584-9.

Rodeo SA, Delos D, Williams RJ, Adler RS, Pearle
A, Warren RF. The effect of platelet-rich fibrin
matrix on rotator cuff tendon healing: a prospec-
tive, randomized clinical study. Am J Sports Med.
2012:40(6):1234-41.

Gumina S, Campagna V, Ferrazza G, Giannicola
G, Fratalocchi F, Milani A, et al. Use of platelet-
leukocyte membrane in arthroscopic repair of large
rotator cuff tears: a prospective randomized study.
JBJS. 2012;94(15):1345-52.

Weber SC, Kauffman JI, Parise C, Weber SJ, Katz
SD. Platelet-rich fibrin matrix in the management
of arthroscopic repair of the rotator cuff: a prospec-
tive, randomized, double-blinded study. Am J Sports
Med. 2013;41(2):263-70.

Holtby R, Christakis M, Maman E, MacDermid JC,
Dwyer T, Athwal GS, et al. Impact of platelet-rich
plasma on arthroscopic repair of small-to medium-
sized rotator cuff tears: a randomized controlled trial.
OrthopJ Sports Med. 2016;4(9):2325967116665595.
Jo CH, Shin JS, Shin WH, Lee SY, Yoon KS, Shin
S. Platelet-rich plasma for arthroscopic repair of
medium to large rotator cuff tears: a randomized con-
trolled trial. Am J Sports Med. 2015;43(9):2102—-10.



586

R. Gilat et al.

181.

182.

183.

Ebert JR, Wang A, Smith A, Nairn R, Breidahl W,
Zheng MH, et al. A midterm evaluation of postoper-
ative platelet-rich plasma injections on arthroscopic
supraspinatus repair: a randomized controlled trial.
Am J Sports Med. 2017;45(13):2965-74.
D’Ambrosi R, Palumbo F, Paronzini A, Ragone V,
Facchini R. Platelet-rich plasma supplementation
in arthroscopic repair of full-thickness rotator cuff
tears: a randomized clinical trial. Musculoskelet
Surg. 2016;100(1):25-32.

Saltzman BM, Jain A, Campbell KA, Mascarenhas
R, Romeo AA, Verma NN, et al. Does the use of
platelet-rich plasma at the time of surgery improve

184.

185.

clinical outcomes in arthroscopic rotator cuff
repair when compared with control cohorts? A
systematic review of meta-analyses. Arthroscopy.
2016;32(5):906-18.

Filardo G, Di Matteo B, Kon E, Merli G, Marcacci
M. Platelet-rich plasma in tendon-related disorders:
results and indications. Knee Surg Sports Traumatol
Arthrosc. 2018;26(7):1984-99.

Kim SJ, Kim EK, Kim SJ. Effects of bone marrow
aspirate concentrate and platelet-rich plasma on
patients with partial tear of the rotator cuff tendon.
J Orthop Surg Res. 2018;13(1):1.



	Basketball Sports Medicine and Science
	Foreword by Coach Mike Krzyzewski
	Foreword from the ESSKA Leadership
	After Handball and Football, ESSKA’s Third Sport-Specific Book—On Basketball Medicine and Science!
	Preface
	A Word from the Editors/Acknowledgments
	Basketball Sports Medicine and Science - Introduction
	Contents

	Part I: Basic and Applied Sciences
	1: Physical and Anthropometric Characteristics of Basketball Players
	1.1	 Introduction
	1.2	 Physical Attributes of the Basketball Player
	1.2.1	 Aerobic Capacity
	1.2.2	 Anaerobic Power
	1.2.3	 Strength
	1.2.4	 Speed and Agility
	1.2.5	 Anthropometric Measures

	References

	2: Activity and Physiological Demands During Basketball Game Play
	2.1	 Activity Demands
	2.1.1	 Distance Covered
	2.1.2	 Activity Frequency
	2.1.3	 Activity Duration

	2.2	 Physiological Demands
	2.2.1	 Blood Lactate Concentration
	2.2.2	 Heart Rate

	References

	3: Endocrine Aspects in Performance and Recovery in Basketball
	3.1	 Introduction
	3.2	 The Anabolic–Catabolic Systemic-Local Training Model
	3.2.1	 Effect of Single Exercise
	3.2.2	 Effect of Interval Training
	3.2.3	 Endocrine Aspects in Recovery
	3.2.4	 Effect of Prolonged Training
	3.2.5	 Effect of Basketball Match
	3.2.6	 Effect on Performance

	3.3	 Summary
	References

	4: Biomechanics of Lower Extremity Movements and Injury in Basketball
	4.1	 Introduction
	4.2	 Movement Demands
	4.2.1	 Total Distance
	4.2.2	 Straight-Line Running
	4.2.3	 Non-sagittal Plane Movements
	4.2.4	 Vertical Demands

	4.3	 Lower Extremity Biomechanics During Basketball Movements
	4.3.1	 Jumping and Landing
	4.3.2	 Running, Cutting, and Lateral Movements

	4.4	 Biomechanical Considerations of Lower Extremity Injuries
	4.4.1	 Foot and Ankle
	4.4.1.1	 Ankle Sprain
	4.4.1.2	 Bony Foot Injury

	4.4.2	 Knee
	4.4.2.1	 Anterior Cruciate Ligament Injury
	4.4.2.2	 Tendinopathy of the Knee Extensor Mechanism


	4.5	 General Considerations for Rehabilitation and Return to Play
	References

	5: Biomechanics of Upper Extremity Movements and Injury in Basketball
	5.1	 Introduction
	5.2	 Movement Demands
	5.3	 Upper Extremity Biomechanics During Basketball Movements
	5.3.1	 Shooting
	5.3.2	 Dribbling

	5.4	 Biomechanical Considerations of Upper Extremity Injuries in Basketball
	5.4.1	 Finger Fracture
	5.4.2	 Thumb Sprain
	5.4.3	 Wrist Sprain
	5.4.4	 Shoulder Injury
	5.4.5	 Considerations for Upper Extremity Injury Prevention

	5.5	 Considerations for Rehabilitation and Return to Performance
	5.5.1	 Finger Fracture
	5.5.2	 Thumb Sprain
	5.5.3	 Wrist Sprain
	5.5.4	 Shoulder Injury

	References

	6: Nutrition and Hydration in Basketball Athletes
	6.1	 Introduction
	6.2	 Physiological Demands
	6.3	 Energy Requirements in Basketball
	6.4	 Macronutrient Status in Basketball
	6.4.1	 Carbohydrate Requirements
	6.4.2	 Protein Requirements
	6.4.3	 Fat Requirements

	6.5	 Micronutrient Intake in Basketball
	6.5.1	 Vitamins Adequacy
	6.5.2	 Minerals Adequacy

	6.6	 Hydration
	6.7	 Conclusions
	References

	Part II: The Basketball Medical Perimeter - Aspects in Medical Preparation
	7: Constructing a Medical Team: The Medical Needs of a Basketball Team
	7.1	 Introduction
	7.2	 High School Teams
	7.3	 College Teams
	7.4	 Professional Teams
	7.5	 Medical Team Personnel
	7.6	 Pre-Participation Physical Exams
	7.7	 Equipment
	7.8	 Emergency Action Plan
	7.9	 Summary
	References

	8: The Role of Pre-participation Assessment and Screening in Basketball
	8.1	 Introduction and Goals of PPE
	8.2	 Methodology of a PPE
	8.3	 Historical Information
	8.3.1	 Medications and Supplements
	8.3.2	 Cardiac History
	8.3.3	 Cardiac Exam
	8.3.4	 Screening EKG
	8.3.5	 Musculoskeletal History
	8.3.6	 Musculoskeletal Exam
	8.3.7	 Functional Movement Screening vs. Sport-Specific Testing
	8.3.8	 Common Injuries in Basketball
	8.3.9	 Neurological History
	8.3.10	 Neurological Exam and Baseline Concussion Testing

	8.4	 Screening Tests
	8.5	 Athletes with Intellectual and Physical Disabilities
	References

	9: Medical Coverage of Basketball Events: From Local Competitions to European, World Championships and Olympic Games
	9.1	 Introduction
	9.2	 Ambulance System
	9.3	 Designated Hospitals
	9.4	 Volunteers
	9.5	 Accreditations
	9.6	 Referees/Entertainment
	9.7	 Doping Control Room
	9.8	 Crisis Protocol
	9.8.1	 Security and Emergency Services Coordination

	9.9	 Out-of-Competition Assistance
	References

	10: Communication Challenges in Medical Management of a Basketball Team
	10.1	 Introduction
	10.2	 Communication Within the Medical Team in the Multidisciplinary Setting
	10.3	 Communication with the Coaching Staff
	10.4	 Communication with Administrative/Management Staff
	10.5	 Communication with Players
	10.6	 Doping-Related Issues
	10.7	 Second Opinions and Consultant Specialists
	10.8	 Media
	10.9	 Educating the Medical Team, Coaching Staff and Players
	10.10	 Summary
	References

	11: The Role of the Team Physician in Basketball
	11.1	 Who Are Team Physicians?
	11.2	 Health-Care Team
	11.3	 Responsibilities and Duties
	Reference

	12: Team Medical Coverage in Elite European Basketball
	12.1	 Introduction
	12.2	 Physiotherapists
	12.3	 Nutritionist
	12.4	 Team Preparation Before the Season
	12.5	 Field Triage Algorithm
	12.6	 Medical Coverage During Major European Events
	12.7	 Conclusion
	References

	13: Team Medical Coverage in College Basketball
	13.1	 Review of the Care Team and Their Roles
	13.1.1	 Team Physicians
	13.1.2	 Athletic Trainers
	13.1.3	 Strength and Conditioning
	13.1.4	 Sports Psychology

	13.2	 Common Maladies
	13.2.1	 Ankle Sprain
	13.2.2	 Achilles and Patellar Tendinitis
	13.2.3	 Muscle Strains
	13.2.4	 Anterior Cruciate Ligament (ACL) Tear
	13.2.5	 Finger/Wrist Injuries
	13.2.6	 Facial Trauma
	13.2.7	 Management of Common Illnesses and Impact on Sport
	13.2.7.1	 Viral Illness
	13.2.7.2	 Concussion
	13.2.7.3	 Cardiac Concerns


	13.3	 Miscellaneous
	13.3.1	 Travel
	13.3.2	 Sleep
	13.3.3	 Summer Training
	13.3.4	 Mental Health

	13.4	 Conclusion
	References

	14: Team Medical Coverage in the National Basketball Association (NBA)
	14.1	 Medical Team Members
	14.2	 Pre-Participation Evaluations
	14.3	 Emergency Action Plan
	14.4	 Mental Health
	14.5	 Game Day Coverage and Resources
	14.6	 NBA Season Overview
	14.7	 Injury Documentation
	14.8	 Common Musculoskeletal Injuries
	14.9	 Non-Musculoskeletal Injuries and Illnesses
	14.10	 Surgical Treatment of Injuries
	14.11	 Summary
	References

	Part III: On Court Management in Basketball
	15: On Court Examination in Basketball: What the Clinician Should Not Miss
	15.1	 Introduction
	15.2	 Concussions
	15.3	 Facial Injuries
	15.4	 Cardiac
	15.5	 Upper Extremities Injuries
	15.6	 Lower Extremity Injuries
	15.7	 Conclusion
	References

	16: Preparing for Worst-Case Scenarios on Court: How to Best Prepare Your Medical Team
	16.1	 Introduction
	16.2	 CPR (Cardiopulmonary Resuscitation)
	16.3	 Cervical Spine Precautions
	16.4	 A—Airway
	16.5	 B—Breathing
	16.6	 C—Circulation
	16.7	 D—Disability
	16.8	 First Aid
	16.9	 Suturing and Wound Care
	16.10	 Athletic Taping
	16.11	 Splinting and Protection
	16.12	 Reducing Dislocations
	16.13	 Special Issues
	References

	17: Cardiopulmonary Resuscitation and Cardiorespiratory Arrest in Basketball: Guidelines
	17.1	 Introduction
	17.2	 Definition
	17.3	 Epidemiology
	17.4	 The Risk of Sudden Cardiac Death and Screening
	17.5	 Consensus Template of CPR
	17.6	 I-Basic Life Support (BLS)
	17.6.1	 Early Recognition and Activation of the Emergency Response System
	17.6.2	 Early Cardiopulmonary Resuscitation
	17.6.3	 Early AED Defibrillation by First Responders

	17.7	 II-Advanced Cardiac Life Support
	17.7.1	 Severe Bradycardia, Asystole, or Pulseless Electrical Activity
	17.7.2	 Ventricular Fibrillation and Pulseless Ventricular Tachycardia
	17.7.3	 Pharmaceutical Therapy

	17.8	 III-Post-Cardiac Arrest Stabilization Care
	References

	18: Immediate Management of Acute Trauma on Court in Basketball
	18.1	 Introduction
	18.2	 Acute Management of Extremity Trauma
	18.3	 Treatment
	18.4	 Acute Management of Spinal Trauma
	18.5	 Acute Management of Concussion and Head Trauma
	18.6	 Conclusion
	References

	Part IV: Basketball Injuries and Management
	19: Basketball Injuries: Epidemiology and Risk Factors
	19.1	 Introduction
	19.2	 Descriptive Epidemiology and Mechanisms of Injury with Predictive Factors by Level of Play
	19.2.1	 High School Athletes
	19.2.2	 The National Collegiate Athletic Association (NCAA)
	19.2.3	 Professional Leagues

	19.3	 Common Types of Basketball Injuries
	19.3.1	 Foot and Ankle Injuries
	19.3.1.1	 Ankle Sprains
	19.3.1.2	 Fractures and Stress Fractures of the Foot

	19.3.2	 Achilles Tendon Injuries
	19.3.3	 Acute Knee Ligament Injuries
	19.3.3.1	 Anterior Cruciate Ligament (ACL) Tears

	19.3.4	 Core Injuries
	19.3.4.1	 Pelvis and Hip
	19.3.4.2	 Lower Back

	19.3.5	 Upper Extremity Injuries
	19.3.5.1	 Hand Fractures
	19.3.5.2	 Shoulder

	19.3.6	 Non-Orthopedic Injuries and Illnesses

	19.4	 Conclusion
	References

	20: Head, Neck, and Face Injuries in Basketball
	20.1	 Facial Injuries
	20.1.1	 Nasal Injury
	20.1.2	 Nasal Bone Fracture
	20.1.3	 Nasal Laceration, Epistaxis, and Septal Hematoma
	20.1.4	 Facial Fractures
	20.1.5	 Dental Injuries

	20.2	 Ocular Injuries
	20.2.1	 Eyelid Lacerations
	20.2.2	 Periorbital Contusion
	20.2.3	 Corneal Abrasions
	20.2.4	 Orbital Fracture
	20.2.5	 Traumatic Hyphema
	20.2.6	 Globe Rupture

	20.3	 Ear Injuries
	20.3.1	 Auricular Hematoma
	20.3.2	 Ear Lacerations
	20.3.3	 TM Perforation

	20.4	 Neck Injuries
	20.4.1	 Neck Strains
	20.4.2	 Cervical Spine Injuries
	20.4.3	 Emergency Action Plan
	20.4.4	 On-Court Management
	20.4.5	 Return to Play (RTP)

	20.5	 Conclusion
	References

	21: Concussion Management in Basketball
	21.1	 Introduction
	21.2	 Description/Definition
	21.3	 Epidemiology
	21.4	 Pathophysiology/Biomechanics
	21.5	 Diagnosis
	21.5.1	 Sport Concussion Assessment Tool (SCAT)
	21.5.2	 Balance Error Scoring System (BESS)
	21.5.3	 King-Devick Test (K-D)
	21.5.4	 Computer-Based Neurocognitive Testing
	21.5.5	 Vestibular Ocular Motor Screen Assessment (VOMS)

	21.6	 Management/Return to Play/Return to Learn
	21.6.1	 Return-to-Play (RTP)

	21.7	 Complications
	21.8	 Obtaining Rights to Image
	21.8.1	 Prevention

	21.9	 Conclusion
	References

	22: Ophthalmic Trauma in Basketball
	22.1	 Introduction
	22.2	 Epidemiology of Ocular Injuries
	22.3	 Prevention
	22.4	 Sideline Ocular Assessment
	22.5	 General Return to Play Guidelines
	22.6	 Common Eye Injuries
	22.6.1	 Corneal Abrasion
	22.6.1.1 Treatment
	22.6.1.2 Return to Play

	22.6.2	 Subconjunctival Hemorrhage
	22.6.2.1 Treatment
	22.6.2.2 Return to Play

	22.6.3	 Ocular Surface Foreign Body
	22.6.3.1 Treatment
	22.6.3.2 Return to Play

	22.6.4	 Eyelid Laceration
	22.6.4.1 Treatment
	22.6.4.2 Return to Play

	22.6.5	 Hyphema
	22.6.5.1 Treatment
	22.6.5.2 Return to Play

	22.6.6	 Traumatic Iritis
	22.6.6.1 Treatment
	22.6.6.2 Return to Play

	22.6.7	 Commotio Retinae
	22.6.7.1 Treatment
	22.6.7.2 Return to Play

	22.6.8	 Ruptured Globe Injury
	22.6.8.1 Treatment
	22.6.8.2 Return to Play

	22.6.9	 Retinal Tear and Detachment
	22.6.9.1 Treatment
	22.6.9.2 Return to Play

	22.6.10 Orbital Fracture
	22.6.10.1 Treatment
	22.6.10.2 Return to Play


	References

	23: Shoulder Injuries in Basketball
	23.1	 Introduction
	23.2	 Epidemiology
	23.3	 Mechanism and Severity of Injury
	23.4	 History
	23.5	 Physical Examination
	23.6	 Imaging
	23.7	 Treatment
	23.8	 Common Shoulder Injuries in Basketball
	23.8.1	 Dislocations-Separations around the Shoulder
	23.8.2	 Fractures Around the Shoulder
	23.8.3	 Rotator Cuff Tears
	23.8.4	 Internal Impingement
	23.8.5	 Biceps and SLAP Lesions
	23.8.6	 Scapular Dyskinesis

	23.9	 Principles of On-Field Evaluation
	23.10	 Summary
	References

	24: Management of Shoulder Instability in Basketball Players
	24.1	 Introduction
	24.2	 Diagnosis
	24.3	 Treatment
	24.4	 Conclusions
	References

	25: Elbow Injuries in Basketball
	25.1	 Elbow Anatomy and Biomechanics
	25.2	 General Evaluation of the Elbow
	25.2.1	 Physical Exam of Elbow
	25.2.2	 Imaging Evaluation of the Elbow

	25.3	 Common Basketball-Related Injuries
	25.3.1	 Elbow Instability
	25.3.2	 Elbow Fractures
	25.3.3	 Elbow Tendon Injuries
	25.3.3.1	 Biceps Tendon Injury
	25.3.3.2	 Triceps Tendon Injury

	25.3.4	 Lateral and Medial Epicondylitis
	25.3.5	 Olecranon Bursitis (Non-Infectious and Infectious)
	25.3.6	 Neuropathies at the Elbow

	25.4	 Conclusion
	References

	26: Wrist and Hand Injuries in Basketball
	26.1	 Introduction
	26.2	 Epidemiology
	26.3	 Scaphoid Fractures
	26.4	 Hook of Hamate Fractures [16]
	26.5	 Metacarpal Fractures
	26.6	 Triangular Fibrocartilage Complex Injuries (TFCC)
	26.7	 Scapholunate Ligament Disruption
	26.8	 ECU Tendonitis and Subluxation [33]
	26.9	 Conclusion
	References

	27: Isolated Finger Injuries in Basketball
	27.1	 Introduction
	27.2	 Soft Tissue Injuries
	27.3	 Joint Injuries of the Fingers
	27.4	 Proximal and Distal Interphalangeal Joints
	27.4.1	 Dorsal Dislocations
	27.4.2	 Volar Dislocations
	27.4.3	 PIP Subluxation
	27.4.4	 Collateral Ligament Injuries
	27.4.5	 Metacarpophalangeal Joint

	27.5	 Joint Injuries of the Thumb
	27.5.1	 Skier’s Thumb
	27.5.2	 Radial Collateral Ligament Injury

	27.6	 Tendon Injuries
	27.6.1	 Mallet Finger
	27.6.2	 Boutonnière Deformity
	27.6.3	 Pseudoboutonnière Deformity
	27.6.4	 Jersey Finger

	27.7	 Nerve Compression Injuries
	27.8	 Phalangeal Fractures
	27.8.1	 Proximal and Middle Phalanx Fractures
	27.8.2	 Distal Phalanx Fractures
	27.8.3	 Return to Sports after Phalangeal Fractures

	References

	28: Hip and Groin Injuries in Basketball
	28.1	 Introduction
	28.2	 Soft Tissue Hip and Groin Injuries
	28.2.1	 Risk Factors for Groin Injuries
	28.2.2	 Adductor Muscle Strains
	28.2.3	 Hip Flexor Muscle Injury/Iliopsoas Tendinitis
	28.2.4	 Sports Hernia/Athletic Pubalgia/Core Muscle Injury

	28.3	 The Hypermobile Athlete
	28.4	 Intra-Articular Hip Injuries/Pathologies
	28.4.1	 Femoro-Acetabular Impingement Syndrome (FAIS)
	28.4.2	 Labral Tears
	28.4.3	 Acetabular Dysplasia
	28.4.4	 Pathogenesis of FAIS
	28.4.5	 Peri-Articular and Extra-Articular Hip Impingement
	28.4.6	 Diagnosis
	28.4.6.1	 History
	28.4.6.2	 Physical Examination
	28.4.6.3	 Imaging

	28.4.7	 Treatment of FAIS
	28.4.8	 Return to Sport

	28.5	 Hip Osteoarthritis (OA) in Basketball
	28.6	 Summary
	References

	29: Knee Injuries in Basketball
	29.1	 Introduction
	29.2	 Type and Incidence of Knee Injuries in Basketball
	29.3	 Injury Severity of Knee Injuries in Basketball
	29.4	 Significant and Common Knee Injuries in Basketball
	29.4.1	 Fractures Around the Knee in Basketball
	29.4.2	 Patellar Dislocations in Basketball
	29.4.3	 Knee Dislocations in Basketball
	29.4.4	 Ligamentous Knee Injuries in Basketball
	29.4.4.1	 Anterior Cruciate Ligament (ACL) Injuries in Basketball
	29.4.4.2	 Posterior Cruciate Ligament (PCL) Injuries in Basketball
	29.4.4.3	 Collateral Ligament Injury
	Medial Collateral Ligament (MCL) Injuries in Basketball
	Lateral Collateral Ligament (LCL) and Postero-Lateral Corner (PLC) Injuries in Basketball


	29.4.5	 Meniscal Injuries in Basketball
	29.4.6	 Knee Tendinopathies and Tendon Tears in Basketball

	29.5	 Summary
	References

	30: Management of ACL Injuries in Basketball
	30.1	 Introduction
	30.1.1	 Incidence
	30.1.2	 ACL Function
	30.1.3	 Anatomy

	30.2	 Diagnosis of ACL Tears
	30.2.1	 History
	30.2.2	 Physical Examination
	30.2.3	 Imaging

	30.3	 Management of ACL Injury in Athletes
	30.3.1	 Conservative Management
	30.3.2	 Surgical Management: Graft Selection
	30.3.3	 Surgical Technique and Fixation
	30.3.3.1	 Fixation


	30.4	 Principles of ACL Injury Rehabilitation
	30.4.1	 Preoperative Rehabilitation (Pre-Hab)
	30.4.2	 Postoperative Rehabilitation
	30.4.2.1	 Initial Phase
	30.4.2.2	 Intermediate Phase
	30.4.2.3	 Final Phase

	30.4.3	 Rehabilitation Considerations in Basketball Players
	30.4.4	 Establishing Safe Return-to-Play Criteria Following Rehabilitation

	30.5	 Outcomes of ACL Reconstruction
	30.5.1	 Functional Outcomes of ACL Reconstruction
	30.5.2	 Repeat Tears of the ACL
	30.5.3	 Return to Sport Following ACL Reconstruction

	30.6	 Conclusion
	References

	31: Management of Multi-Ligament Injuries in Basketball
	31.1	 Introduction
	31.1.1	 Classification of Multi-Ligament Knee Injuries
	31.1.2	 Prevalence of Injury and Patient Demographics
	31.1.3	 Diagnosis

	31.2	 Treatment
	31.2.1	 Operative Decision-Making: Repair Versus Reconstruction
	31.2.2	 Operative Decision-Making: Single Stage Versus Two Stage
	31.2.3	 Operative Decision-Making: Timing of Surgery

	31.3	 Rehabilitation
	31.4	 Outcomes
	31.5	 Future Treatment Options
	References

	32: Management of Knee Cartilage Injuries in Basketball
	32.1	 Introduction
	32.2	 Diagnosis
	32.2.1	 Patient History
	32.2.2	 Physical Examination
	32.2.3	 Radiographic Imaging
	32.2.4	 MRI
	32.2.5	 Diagnostic Arthroscopy

	32.3	 Conservative Management
	32.4	 Surgical Treatment
	32.5	 Surgical Techniques
	32.5.1	 Abrasion Chondroplasty
	32.5.2	 Marrow Stimulation
	32.5.3	 Osteochondral Autograft Transplantation (OAT)
	32.5.4	 Osteochondral Allograft Transplantation (OCA)
	32.5.5	 Autologous Chondrocyte Implantation (ACI)
	32.5.6	 Novel Techniques

	32.6	 Rehabilitation
	32.6.1	 Patellofemoral
	32.6.2	 Tibiofemoral

	32.7	 Clinical Outcomes
	32.7.1	 Microfracture
	32.7.2	 Osteochondral Autograft Transplantation
	32.7.3	 Osteochondral Allograft Transplantation
	32.7.4	 Autologous Chondrocyte Implantation

	32.8	 Conclusion
	References

	33: Management of Knee Injuries in Adolescent Basketball Players
	33.1	 Introduction
	33.2	 Anterior Cruciate Ligament Injuries
	33.3	 Posterior Cruciate and Collateral Ligament Injuries
	33.4	 Extensor Mechanism Injuries
	33.4.1	 Patellar Instability
	33.4.2	 Extensor Mechanism Fractures

	33.5	 Meniscal Injuries
	33.6	 Chondral and Osteochondral Injuries
	33.7	 Overuse Injuries
	Appendix
	References

	34: Anatomical Causes for Patellofemoral Pain in Basketball Players
	34.1	 Introduction
	34.2	 Differential Diagnosis of Patellofemoral Pain
	34.3	 Pathophysiology of Patellofemoral Pain
	34.4	 Bone Morphology and Lower Limb Alignment
	34.4.1	 Trochlea
	34.4.2	 Patella
	34.4.3	 Bony Alignment
	34.4.4	 Coronal Deformities of the Lower Limb
	34.4.5	 Torsional Deformities of the Lower Limb
	34.4.6	 Foot Disorders

	34.5	 Soft Tissue Restraints
	34.6	 Core Stability and Hip Strength: Looking Beyond the Knee
	34.7	 Cartilage
	34.8	 Conclusion
	References

	35: Management of Patellofemoral Disorders in Basketball
	35.1	 Introduction
	35.2	 Epidemiology
	35.3	 Extensor Mechanism Tendinopathy
	35.3.1	 Background
	35.3.2	 Presentation
	35.3.3	 Classification
	35.3.4	 Imaging
	35.3.5	 Treatment

	35.4	 Anterior Knee Pain
	35.4.1	 Presentation
	35.4.2	 Imaging
	35.4.3	 Treatment

	35.5	 Patellar Chondral Wear
	35.6	 Lateral Patellar Dislocations (LPD)
	35.6.1	 Presentation
	35.6.2	 Imaging

	35.7	 Management of the Acute Injury
	35.7.1	 Immobilization Versus Functional Progression
	35.7.2	 Rehabilitation Post Acute Dislocation
	35.7.3	 Return to Play After Patellar Stabilization Surgery

	35.8	 Conclusion
	Appendix
	References

	36: Foot and Ankle Injuries in Basketball
	36.1	 Introduction
	36.2	 Epidemiology
	36.3	 Risk Factors
	36.4	 Evaluation and Diagnosis
	36.5	 Injury Prevention
	36.6	 Treatment and Return to Play
	36.7	 Conclusion
	References

	37: Management of Chronic Ankle Instability in the Basketball Player
	37.1	 Introduction
	37.2	 Pathomechanism
	37.3	 Epidemiology
	37.4	 Therapy and Rehabilitation
	37.5	 Operative Treatment
	37.6	 Return to Sport
	37.7	 Injury Prevention
	37.8	 Conclusions
	37.9	 Summary
	References

	38: Management of Cartilage Injuries of the Foot and Ankle in Basketball
	38.1	 Incidence and Epidemiology
	38.2	 Pathophysiology
	38.3	 Diagnosis
	38.4	 Classification
	38.5	 Treatment
	38.5.1	 Nonoperative Treatment
	38.5.2	 Surgical Management
	38.5.2.1	 Cartilage-Repair Strategies
	Retrograde Drilling

	38.5.2.2 Cartilage-Regeneration Strategies
	Autologous Chondrocyte Implantation (ACI)
	MACI
	Bone-Marrow-Derived Stem Cell Therapy

	38.5.2.3 Cartilage Replacement Strategies


	38.6	 Rehabilitation for Safe Return to Basketball
	References

	39: Achilles Tendon Ruptures in Basketball
	39.1	 Introduction
	39.2	 Epidemiology
	39.3	 The Achilles Tendon Has Been Ruptured, What Are the Management Options?
	39.4	 Rehabilitation Following Achilles Tendon Rupture
	39.4.1	 Controlled Motion
	39.4.2	 Early Recovery
	39.4.3	 Late Recovery

	39.5	 Return to Play and Performance in Basketball
	References

	40: Management of Common Tendinopathies in Basketball
	40.1	 Introduction
	40.2	 Epidemiology
	40.3	 Pathophysiology (Fact Box 1)
	40.4	 Patellar Tendinopathy
	40.4.1	 Etiology
	40.4.2	 Diagnosis
	40.4.3	 Management
	40.4.3.1	 Nonoperative Treatment (Fact Box 2)
	Eccentric Exercises
	Extracorporeal Shock Wave Therapy
	Ultrasound-Guided Galvanic Electrolysis Technique
	Injection Therapy
	Cell-Based Therapies
	Hyaluronic Acid
	Additional Treatments

	40.4.3.2	 Operative Treatment (Fact Box 3)


	40.5	 Achilles Tendinopathy
	40.5.1	 Etiology
	40.5.2	 Diagnosis
	40.5.2.1	 Nonoperative Treatment (Fact Box 2)
	40.5.2.2	 Operative Treatment (Fact Box 3)


	References
	Best Evidence Based References


	41: Back Injuries and Management of low Back Pain in Basketball
	41.1	 Introduction
	41.2	 Epidemiology in Basketball
	41.3	 Spinal Anatomy
	41.4	 Clinical Examination
	41.5	 Radiographic Evaluation and Additional Testing
	41.6	 Common Spinal Injuries
	41.6.1	 Lumbar Strain
	41.6.2	 Herniated Nucleus Pulposis and Radiculopathy
	41.6.3	 Spondylolisthesis and Spondylolysis
	41.6.4	 Vertebral Stress Fractures
	41.6.5	 Annular Tears
	41.6.6	 Inflammatory Syndromes

	41.7	 Return to Play Considerations
	41.8	 Athletic Performance After Low Back Injuries and Treatment
	References

	42: Osteoarthritis in Basketball Players
	42.1	 Introduction
	42.2	 Anatomy and Physiology
	42.3	 Biomechanics
	42.4	 Risk Factors
	42.5	 Presentation in Basketball Athletes
	42.6	 Diagnosis and Imaging
	42.7	 Treatment
	42.8	 Summary
	References

	43: Management of Muscle Injuries in Basketball
	43.1	 General Principles of Muscle Injury
	43.2	 What Is the Magnitude of Muscle Injuries in the Basketball?
	43.3	 Risk Factors and Mechanisms for Muscle Injuries in Basketball - The Complex, Multifactorial, and Dynamic Nature of Muscle Injury
	43.4	 Musculoskeletal Screening in Basketball
	43.5	 Diagnosis and Classification/Imaging (US/MRI)
	43.6	 Emerging and New approaches in the Treatment of Muscle Injuries: Regenerative and Biological Treatments for Muscle Injuries/Surgery for Muscle Injuries
	43.7	 A Multidisciplinary and Algorithmic Approach to Muscle Injuries Rehabilitation
	43.8	 How to Manage Return to Play for Muscle Injuries - a Dynamic Model; Return to Play for Specific and more Common Muscle Injuries in Basketball
	43.9	 A Model for Muscle Injuries Prevention in Basketball/Barriers and Facilitators to Delivering Injury Prevention Strategies
	References

	44: Stress Fractures and the Stress Reaction Spectrum in Basketball
	44.1	 Introduction
	44.2	 Pathophysiology and Etiology
	44.2.1	 Pathophysiology
	44.2.2	 Risk Factors
	44.2.3	 Incidence
	44.2.4	 Imaging Studies

	44.3	 Grading for Stress Fractures
	44.4	 Lower Extremity Stress Fractures
	44.4.1	 Tibial Stress Fractures
	44.4.2	 Presentation and Physical Evaluation
	44.4.3	 Imaging
	44.4.4	 Treatment
	44.4.5	 Return to Play

	44.5	 Metatarsals
	44.5.1	 Presentation and Physical Evaluation
	44.5.2	 Diagnosis
	44.5.3	 Treatment
	44.5.4	 Return to Play

	44.6	 Navicular
	44.6.1	 Presentation and Physical Evaluation
	44.6.2	 Diagnosis
	44.6.3	 Treatment
	44.6.4	 Return to Play

	44.7	 Great Toe Sesamoids
	44.7.1	 Presentation and Physical Evaluation
	44.7.2	 Diagnosis
	44.7.3	 Treatment
	44.7.4	 Return to Play

	44.8	 Stress Fracture Prevention
	44.9	 General Return to Sport Considerations Following Stress Fractures in Basketball
	References

	45: The Role of Orthobiologics in the Management of Tendon and Fascia Injuries in Sports
	45.1	 Introduction
	45.2	 Orthobiologics
	45.2.1	 Corticosteroids
	45.2.2	 Platelet-Rich Plasma (PRP)
	45.2.3	 Cell-Based Therapies
	45.2.3.1	 Bone Marrow Aspirate Concentrate (BMAC)
	45.2.3.2	 Other Cell-Based Therapies


	45.3	 Soft Tissue Injuries: Tendons and Fascia
	45.3.1	 Patellar and Quadriceps Tendinopathy
	45.3.2	 Achilles Tendon Pathology
	45.3.2.1	 Achilles Tendinopathy
	45.3.2.2	 Achilles Tendon Rupture

	45.3.3	 Plantar Fasciitis
	45.3.3.1	 Corticosteroids
	45.3.3.2	 Botulinum Toxin Type A (BTX-A)
	45.3.3.3	 PRP
	45.3.3.4	 Amniotic-Derived Products

	45.3.4	 Rotator Cuff Pathology

	References

	46: The Role of Orthobiologics for the Management of Ligament and Muscle Injuries in Sports
	46.1	 Introduction
	46.2	 Ligament Injuries
	46.2.1	 Anterior Cruciate Ligament
	46.2.1.1	 Basic Science and Preclinical Evidence
	46.2.1.2	 Clinical Evidence
	Partial ACL Tears
	ACL Healing Enhancement Without Repair
	ACL Healing Enhancement With Partial Tear Repair

	ACL Reconstruction
	ACL Reconstruction + Stem Cells/Cell-Based Therapy
	PRP for ACL Harvest/Donor Site
	Future Directions


	46.2.2	 Medial Collateral Ligament (MCL)
	46.2.3	 Ankle Sprains
	46.2.4	 Ulnar Collateral Ligament of the Elbow Injuries
	46.2.5	 Muscle Injuries
	46.2.6	 Hamstring Muscle Injuries

	46.3	 Summary
	References

	47: The Role of Orthobiologics in the Management of Cartilage and Meniscal Injuries in Sports
	47.1	 Cartilage Injuries
	47.1.1	 Introduction

	47.2	 Platelet-Rich Plasma
	47.3	 Bone Marrow Aspirate Concentrate
	47.4	 Mesenchymal Stem Cells
	47.5	 Meniscal Injuries
	47.6	 Augmentation of Meniscal Repair
	47.7	 Conclusion
	References

	48: In-Season Management of Injuries in Basketball: A Pragmatic Approach
	48.1	 Introduction
	48.2	 Preseason Preparation
	48.3	 In-season Management
	48.3.1	 Acute Injuries
	48.3.2	 Chronic Injuries
	48.3.3	 Additional Return to Play Factors

	48.4	 End-of-Season Evaluation/Training Programs
	48.5	 Summary
	References

	Part V: Injury Prevention, Rehabilitation and Back to Field Process in Basketball
	49: Shoulder Assessment in Basketball
	49.1	 Introduction
	49.2	 Assessment
	49.2.1	 Standing Posture to Evaluate Legs, Lumbar, Thoracic, and Cervical Spines [11]
	49.2.2	 Scapular assessment and Scapular Dysfunction/Scapular Diskinesis
	49.2.2.1	 Scapular Visual Assessment
	49.2.2.2	 Scapular Symptom Alteration Tests
	49.2.2.3	 Scapular Muscle Strength


	49.3	 Common Basketball Shoulder Injuries
	49.3.1	 Instability
	49.3.2	 Rotator Cuff Tears
	49.3.3	 Supraspinatus Tears
	49.3.4	 Subscapularis Tears
	49.3.5	 Infraspinatus Tears
	49.3.6	 Teres Minor Tears
	49.3.7	 Acromioclavicular Joint Sprain
	49.3.8	 Subacromial Pain Syndrome

	49.4	 Summary
	References

	50: Functional Assessment in Elite Basketball Players
	50.1	 Introduction
	50.2	 Clinical Observation: Functional Movement Testing
	50.3	 Example: Clinical Observation—Functional Movement Testing
	50.4	 Laboratory-Based Movement Assessments
	50.4.1	 Motion Capture Technology
	50.4.2	 Movement Tests

	50.5	 Movement Correction/Biomechanical Enhancement Philosophy
	50.6	 Summary
	References

	51: Injury Prevention in Basketball
	51.1	 Introduction
	51.2	 Risk Factors
	51.2.1	 The Importance of Optimal Load
	51.2.2	 Risk Factors in Professional Athletes
	51.2.3	 Risk Factors in Young Players

	51.3	 Prevention of Injuries
	51.3.1	 Prevention Programmes for the Lower Extremities
	51.3.1.1 11+ Programme
	51.3.1.2	 Special Prevention Programmes for Ankle Injuries
	51.3.1.3	 Special Prevention Programmes for Knee Injuries

	51.3.2	 Prevention Programmes for Concussion
	51.3.3	 Prevention Programmes for Young Players

	References
	Best Evidence Based References


	52: Digging Deep into the Etiology of Basketball Injuries: A Complex Systems Approach for Risk Mitigation
	52.1	 Basketball Injury Prevention Situation Room
	52.2	 What Is a Complex System and why Is it Important in Basketball Injury Prevention?
	52.3	 Modelling Sports Injury Etiology and Prevention: The Journey So Far
	52.4	 A Complex Systems Approach for Basketball Injury Risk Mitigation
	52.5	 Perspectives on the Application of the CMEB in Research and Practice
	References

	53: Practical Guidelines for Injury Prevention in Basketball: How to Get it Right
	53.1	 Introduction
	53.2	 Competitive Demands and Common Injury
	53.3	 Injury Prevention Foundation
	53.4	 Screening for Risk
	53.5	 Neuromuscular Training Programs
	53.6	 Secondary Prevention with Return to Play Considerations
	References

	54: Rehabilitation of Shoulder Injuries in Basketball
	54.1	 Introduction
	54.2	 Early Phase
	54.3	 Middle Phase
	54.4	 Late Phase
	References

	55: Rehabilitation of Trunk, Hip and Groin Injuries in Basketball Players
	55.1	 Introduction
	55.1.1	 The Landscape
	55.1.2	 Differential Diagnoses of Trunk, Hip and Groin Injury
	55.1.3	 Outcome Measures
	55.1.4	 Rehabilitation and Return-to-Play Protocol
	55.1.4.1	 Reduction of Pain, Inflammation and Swelling
	55.1.4.2	 Recovery of Range of Motion
	55.1.4.3	 Recovery of All Elements of Strength
	55.1.4.4	 Proprioception and Neuro-Motor Control
	55.1.4.5	 On-Court Conditioning and Skill Acquisition
	55.1.4.6	 Return-to-Train
	55.1.4.7	 Return-to-Play
	55.1.4.8	 Return-to-Competition/Performance


	References

	56: Rehabilitation of Knee Injuries in Basketball Players
	56.1	 Introduction
	56.2	 Rehabilitation Content
	56.3	 Rehabilitation Progression
	56.4	 Rehabilitation Phases
	56.4.1	 Prehabilitation (In the Case of Surgical Management, Particularly of ACL Injuries)
	56.4.2	 Acute (Post-Injury or Post-Surgery Depending on Treatment Course)
	56.4.3	 Intermediate
	56.4.4	 Late
	56.4.5	 Return to Performance/Secondary Prevention

	56.5	 Special Considerations for Particular Injuries
	56.6	 Return to Sport Decision-Making
	56.7	 Return to Play, Return to Performance, and Secondary Prevention
	References

	57: A Biomechanical Perspective on Rehabilitation of ACL Injuries in Basketball
	57.1	 Introduction
	57.2	 Return to Play and Second ACL Injury: A Delicate Balance
	57.3	 Biomechanics of ACL Injuries in the Basketball Player
	57.4	 Adopting a Biomechanical and Movement Restoration Approach After ACLR
	57.4.1	 Common Movement Patterns of the Basketball Player Following ACL Injury
	57.4.1.1	 Deficit(s) in Coronal/Transverse and Frontal Plane Dynamic Knee Stability
	57.4.1.2	 Deficit(s) in Core Control (Pelvis Drops or Hip Hikes and Trunk Tilt)
	57.4.1.3	 Deficit(s) in Shock Absorption (Stiff Landing or Altered Strategy)
	57.4.1.4	 Task-Specific Deficit(s) Typical (But Not Limited to) in Basketball Players


	57.5	 Integrating Qualitative Movement Patterns on Court: On Parquet Rehabilitation
	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
	57.5.1.1 Movement Intensity
	57.5.1.2	 Movement Specificity/Complexity
	57.5.1.3 Movement Volume

	57.5.2	 Utilizing a Five-Stage on-Parquet Rehabilitation Program to Prepared Players for Return to Team Training

	57.6	 Conclusion
	References

	58: Rehabilitation of Foot and Ankle Injuries in Basketball Players
	58.1	 Epidemiology of Foot and Ankle Injury in Basketball
	58.2	 General Rehabilitation Considerations
	58.3	 Problematic Injuries and Specific Rehabilitation Considerations
	58.3.1	 Lateral Ligament Sprain
	58.3.2	 Syndesmotic Sprain
	58.3.3	 Fractures
	58.3.4	 Achilles Tendon Rupture

	References

	59: Rehabilitation of Tendinopathy in Basketball
	59.1	 Introduction
	59.2	 Diagnosis
	59.3	 Outcome Measures
	59.4	 Principles of Tendon Load Management and Rehabilitation
	59.4.1	 Mechanotherapy
	59.4.2	 Rehabilitation
	59.4.2.1	 Phase 1: Symptom Management and Load Reduction
	59.4.2.2	 Phase 2: Controlled Tendon Loading
	59.4.2.3	 Phase 3: Return to Full Sports Participation

	59.4.3	 Selected Patellar Tendon Loading Exercises
	59.4.4	 Other Considerations for Rehabilitation of Patellar Tendinopathy
	59.4.4.1 Risk Factors
	59.4.4.2 Landing Biomechanics
	59.4.4.3	 Alterations to Loading Exercises
	59.4.4.4 Pain Relief

	59.4.5	 Selected Achilles Tendon Loading Exercises
	59.4.6	 Other Considerations for Rehabilitation of Achilles Tendinopathy
	59.4.6.1	 Variations Based on Location of Pathology
	59.4.6.2 Risk Factors


	59.5	 Conclusion
	References

	60: On-Court Rehabilitation—From Treatment Table and Return to Play to a Return to Performance
	60.1	 Introduction
	60.2	 Rehabilitation and Return to Performance Planning
	60.3	 Acute Phase of Rehabilitation
	60.4	 Subacute Phase of Rehabilitation to Return to Participation
	60.4.1	 Exercise Progression
	60.4.2	 On-Court Progression

	60.5	 From Return to Play to Return to Performance
	60.5.1	 Training Under Pressure; Decision-Making, and Cognitive Load
	60.5.2	 On-Court Movement and Motor Learning/Secondary Prevention On Court

	References

	61: Strength Training for Basketball
	61.1	 Introduction
	61.2	 Basketball Overview
	61.3	 The Basic Concepts of Strength
	61.3.1	 Strength, Rate of Force Development, and Mechanical Power

	61.4	 A Methodological Framework for Basketball
	61.4.1	 Levels of Specificity
	61.4.2	 Movement Content

	61.5	 Designing the Program
	61.6	 Designing the Session
	61.7	 Defining the Exercises: Typology, Parameters, and Its Combinations
	References

	62: Training and Performance Differences Between the NBA and FIBA Rules and Major Competition Aspects (Euro, WC, and Olympics)
	62.1	 Introduction
	62.2	 Game Rules
	62.3	 European Leagues
	62.4	 National Basketball Association (NBA)
	62.5	 FIBA World Cup
	62.6	 Olympic Games
	References

	63: Post-Exercise Recovery Strategies in Basketball: Practical Applications Based on Scientific Evidence
	63.1	 Introduction
	63.2	 Monitoring Post-Exercise Fatigue
	63.3	 Primary Post-exercise Recovery Strategies in Basketball
	63.3.1	 Rest and Sleep
	63.3.2	 Nutritional Strategies
	63.3.2.1	 Carbohydrates and Proteins
	63.3.2.2	 Vitamins and Minerals

	63.3.3	 Hydration

	63.4	 Secondary Post-exercise Recovery Methods in Basketball
	63.4.1	 Ergogenic Aids and Supplements
	63.4.1.1 Creatine
	63.4.1.2	 β-Alanine and Sodium Bicarbonate

	63.4.2	 Physical Recovery Strategies
	63.4.2.1	 Active Recovery
	63.4.2.2	 Stretching
	63.4.2.3	 Hydrotherapy
	63.4.2.4	 Compression Garments
	63.4.2.5	 Cryotherapy

	63.4.3	 Mental Recovery Strategies
	63.4.4	 Therapeutic Interventions
	63.4.4.1	 Acupuncture
	63.4.4.2	 Massage


	References

	64: Load Management in Basketball
	64.1	 What Is “Load”?
	64.2	 What Is “Load Management” All About? And Why Is It Important in Basketball?
	64.3	 How Do I Capture Load?
	64.4	 Load Can Have Positive and Negative Effects
	64.5	 How Can Practitioners Safely Progress Workload?
	64.6	 Spikes in Load Increase Injury Risk
	64.7	 Prepare for the “Worst Case Scenario”
	64.8	 The Risk-Reward Conundrum—“Is He Ready to Play or Not?!”
	64.8.1	 Return-to-Play Decisions Require Ethics but They also Require Context
	64.8.2	 Do You Want the Athlete Back Quickly or “Permanently”?

	64.9	 How Can We Develop a Robust Athlete?
	64.10	 What About “Fitness” and Tolerance to Workload?
	References

	65: Practical Considerations for Workload Measurement in Basketball
	65.1	 Monitoring Player Workloads in Basketball
	65.2	 Monitoring External Workload
	65.3	 Monitoring Internal Workload
	65.4	 Integrating External and Internal Workloads in Basketball
	65.5	 Quantifying Workload Intensity and Duration in Basketball
	65.6	 Monitoring Well-Being in Conjunction with Player Workloads
	65.7	 Consideration of Playing Time When Monitoring Players
	References

	Part VI: Special Considerations in Basketball
	66: The Female Basketball Player
	66.1	 Introduction
	66.2	 Hormonal Fluctuations During the Menstrual Cycle
	66.3	 Hormonal Contraceptive Options
	66.4	 Differences in Tissue Properties
	66.4.1	 Muscle
	66.4.2	 Tendons and Ligaments

	66.5	 Biomechanical Differences
	66.6	 Neuromuscular Differences
	66.7	 Anterior Cruciate Ligament Injury
	66.7.1	 Estrogen Levels and ACL Injury Risk

	66.8	 Female Athlete Triad/RED-S
	66.9	 Stress Fractures
	66.10	 Pregnancy
	66.11	 Postpartum and Breastfeeding
	References

	67: The Young/Adolescent Basketball Player
	67.1	 Introduction
	67.2	 Development of the Youth Basketball Player
	67.2.1	 The Importance of Avoiding Early Single Sport Specialization in LTAD

	67.3	 Injuries Common or Unique in the Youth Basketball Player
	67.3.1	 Epiphyseal Plate and Apophyseal Injuries
	67.3.2	 Osteochondral Injury
	67.3.3	 Stress Fractures
	67.3.4	 Ligamentous Injuries
	67.3.5	 Sport-Related Concussion

	67.4	 Social, Other Considerations, and Conclusions
	References

	68: Management of the Sickle Cell Spectrum in Basketball Players
	68.1	 Epidemiology
	68.2	 Pathogenesis
	68.3	 Screening for Sickle Cell Trait and Disease
	68.4	 Athletes with Sickle Cell Trait
	68.4.1	 Medical Issues in SCT
	68.4.2	 Exertional Collapse and Death
	68.4.3	 Exertional Rhabdomyolysis
	68.4.4	 Urologic Manifestations of SCT
	68.4.5	 Splenic Issues
	68.4.6	 Hyphema
	68.4.7	 Venous Thromboembolism

	68.5	 Sickle Cell Disease
	68.6	 Conclusion
	References

	69: Playing Basketball with a Cardiac Condition: Recommendations and Guidelines
	69.1	 Introduction
	69.2	 Sudden Cardiac Death in Athletes
	69.3	 Exercise-Induced Cardiac Remodeling
	69.4	 Cardiovascular Screening
	69.5	 Cardiovascular Disorders in Athletes and Recommendations for Sports Participation
	69.5.1 Hypertrophic Cardiomyopathy (HCM)
	69.5.2 Left Ventricular Non-compaction (LVNC)
	69.5.3 Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC)
	69.5.4 Dilated Cardiomyopathy (DCM)
	69.5.5 Wolff Parkinson White (WPW)
	69.5.6 Channelopathies
	69.5.7 Bicuspid Aortic Valve
	69.5.8 Anomalous Coronary Arteries
	69.5.9 Aortic Enlargement
	69.5.10 Myocarditis
	69.5.11 Athletes with Implantable Cardioverter Defibrillators (ICDs)

	69.6	 Shared Decision-Making
	69.7	 Return to Play Considerations
	References

	70: Inherited Aortic Disease and Sports Participation
	70.1	 Introduction
	70.2	 Normative Values for Aortic Dimensions
	70.3	 Thoracic Aortic Disease
	70.3.1	 Incidence
	70.3.2	 Risk of Dissection

	70.4	 Genetic Etiologies for Thoracic Aortic Disease
	70.4.1	 Bicuspid Aortic Valve
	70.4.2	 Marfan Syndrome
	70.4.3	 Loey–Dietz Syndrome
	70.4.4	 Familial Non-syndromic Thoracic Aortic Aneurysm and Dissection

	70.5	 Treatment
	70.5.1	 Medical Management
	70.5.1.1	 β-Blockers
	70.5.1.2	 Angiotensin Receptor Blockers and Angiotensin-Converting Enzyme Inhibitors
	70.5.1.3	 Statins
	70.5.1.4	 Calcium Channel Blockers
	70.5.1.5	 Fluoroquinolones

	70.5.2	 Surgical Management

	70.6	 Sports Participation
	70.6.1	 Physiology of Exercise and the Effects on the Aorta
	70.6.2	 Recommendations for Physical Activity

	References

	71: Selected Medical Issues in Basketball: Diabetes, Allergies, Asthma, and Dermatologic Issues
	71.1	 Diabetes Mellitus
	71.1.1	 Introduction
	71.1.2	 Epidemiology
	71.1.3	 Pathophysiology
	71.1.4	 Presentation
	71.1.5	 Diagnosis
	71.1.6	 Evaluation and Treatment
	71.1.7	 Conclusion

	71.2	 Allergies
	71.2.1	 Introduction
	71.2.2	 Epidemiology
	71.2.3	 Pathophysiology
	71.2.4	 Presentation
	71.2.5	 Diagnosis
	71.2.6	 Treatment Options
	71.2.7	 Special Circumstances

	71.3	 Asthma
	71.3.1	 Introduction
	71.3.2	 Etiology
	71.3.3	 Prevalence
	71.3.4	 Clinical Presentation
	71.3.5	 Diagnosis
	71.3.6	 Management

	71.4	 Dermatologic Issues
	71.4.1	 Introduction
	71.4.2	 Infectious Skin Conditions
	71.4.3	 Traumatic Skin Conditions

	References

	72: Is Overload an Issue in Young Basketball Players?
	72.1	 Introduction
	72.2	 Load
	72.3	 Overload
	72.4	 Recovery
	72.5	 Specialization
	72.6	 Overuse Injuries Unique to Young Athletes
	72.7	 When do Overuse Injuries in Adults Start?
	72.8	 Training in Young Basketball Players
	72.9	 Summary
	References

	73: Doping and Nutrition Supplementation in Basketball
	73.1	 Introduction
	73.2	 Effects of Doping in Basketball
	73.3	 Testing the Basketball Player
	73.4	 The Athlete Biological Passport
	73.5	 THC/Cannabis
	73.6	 Misuse of Non-doping Listed Medication
	73.7	 Nutrition Supplementation
	73.8	 Doping Prevention
	73.9	 Conclusion
	References

	74: Long-Distance Traveling in Basketball: Practical Applications Based on Scientific Evidence
	74.1	 Introduction
	74.2	 The Influence of Traveling on Fatigue
	74.2.1	 Scientific Evidence
	74.2.2	 Practical Applications
	74.2.3	 Future Research

	74.3	 The Influence of Traveling on Athletic Performance
	74.3.1	 Scientific Evidence
	74.3.1.1	 Circadian Rhythm and Performance
	74.3.1.2	 Travel Direction and Performance
	74.3.1.3	 Competition Schedule and Performance

	74.3.2	 Practical Applications
	74.3.3	 Future Research

	74.4	 The Influence of Traveling on Sleep
	74.4.1	 Scientific Evidence
	74.4.1.1	 Desynchronization of the Circadian Rhythm
	74.4.1.2	 Time Zone Differential and Sleep
	74.4.1.3	 Travel Direction and Sleep

	74.4.2	 Practical Applications
	74.4.3	 Future Research

	74.5	 The Influence of Traveling on Player Health and Injury Propensity
	74.5.1	 Scientific Evidence
	74.5.1.1	 Competition Schedule and Injuries
	74.5.1.2	 Playing Time and Injuries
	74.5.1.3	 Air Travel and Immune System Suppression
	74.5.1.4	 Air Travel and Deep-Vein Thrombosis

	74.5.2	 Practical Applications
	74.5.3	 Future Research

	74.6	 The Influence of Traveling on Mood State
	74.6.1	 Scientific Evidence
	74.6.2	 Practical Applications
	74.6.3	 Future Research

	References

	75: General Considerations in Basketball: Court Type, Shoes, and Protective Gear
	75.1	 Introduction
	75.2	 Court
	75.2.1	 Early Courts
	75.2.2	 Polyurethane
	75.2.3	 Maple Hardwood
	75.2.4	 Mobility
	75.2.5	 Maintenance

	75.3	 Clothing and Protective Gear
	75.4	 Basketball Shoes
	75.4.1	 Weight
	75.4.2	 Collar Height
	75.4.3	 Air Cells
	75.4.4	 Shoe Stiffness
	75.4.5	 Cushioning
	75.4.6	 Outsole Traction

	75.5	 Braces
	75.5.1	 Ankle
	75.5.2	 Foot

	75.6	 Mouth Guards
	75.7	 Compression Clothing
	75.8	 Conclusion
	References

	76: Ethical and Medico-Legal Issues in Injury Management and Return to Sport in Basketball
	76.1	 Introduction
	76.2	 Definition of Sports Medicine
	76.3	 The Standard of Care
	76.4	 Role of a Team Physician
	76.5	 Ethical Issues
	76.5.1	 Confidentiality
	76.5.2	 Conflicts of Interest

	76.6	 Practice and Game Coverage: Medico-Legal Obligations
	76.6.1	 Risk Management Recommendations
	76.6.2	 Policies and Procedures
	76.6.3	 Informed Consent
	76.6.4	 Preparticipation Examinations
	76.6.5	 The Medicolegal Aspects of Returning to Play
	76.6.6	 Dispensing Medications to Athletes
	76.6.7	 Confidentiality

	76.7	 Summary
	References

	Part VII: Psychological Aspects in Basketball
	77: The Importance of Sport Psychology in Basketball
	77.1	 Mental Health Among Elite Athletes
	77.2	 Mental Health, Coping Skills, and Their Impact on Performance Among Athletes
	77.2.1	 Goal Setting
	77.2.2	 Relaxation
	77.2.3	 Activation
	77.2.4	 Imagery
	77.2.5	 Self-Talk
	77.2.6	 Attentional Control
	77.2.7	 Emotional Control
	77.2.8	 Automaticity
	77.2.9	 Coping Skills and Technology

	77.3	 Mental Health and Overcoming Injury
	77.4	 Final Thoughts
	References

	78: Sport Psychology in Basketball: Performance Under Pressure
	78.1	 Sport Psychology in Basketball: Performance Under Pressure
	78.2	 Perception Behavioral Control, Attentive Systems, and Gaze Behavior on the Basketball Court
	78.3	 Stressfull Situations and Coping Strategies in Basketball
	78.4	 Efficient Coping Strategies in Basketball
	78.5	 Summary
	References

	79: Perceptual-Cognitive Processes in Basketball—Individual and Team Aspects
	79.1	 Introduction: Psychological Factors in Basketball
	79.2	 Free Throw Shooting: A Gaze Behavior Approach
	79.3	 “The Hot Hand”: Increasing the Chances of “Being Hot”
	79.4	 Performing Under Pressure: Last Minute “Clutch” and “Choking” Performances
	79.5	 Team Decision-Making: Shared Mental Models and Related Team Dynamics
	79.6	 Summary, Limitations, and Future Directions
	References

	80: Psychological Aspects in Return to Sport Following ACL Reconstruction
	80.1	 Part 1: Introduction
	80.2	 Part 2: Psychological Factors and Outcomes
	80.2.1	 Return to Sport/Activity Outcomes
	80.2.2	 Relationship Between Psychological Factors and Self-Reported Function/Knee Impairments
	80.2.3	 Relationship Between Psychological Factors and Reinjury

	80.3	 Part 3: Psychological Factors and Movement
	80.4	 Part 4: Monitoring Athletes’ Psychological Responses
	80.4.1	 Psychological Measures for Athletes After ACLR
	80.4.2	 ACL-RSI
	80.4.3	 Other Psychological Measures (TSK-11, K-SES)

	80.5	 Part 5: Interventions
	80.5.1	 Evidence for Psychosocial Interventions After ACLR
	80.5.2	 Graded Exercise and Graded Exposure
	80.5.3	 Other Cognitive Behavioral Interventions
	80.5.3.1	 Mindfulness Meditation


	80.6	 Part 6: Summary and Recommendations
	References

	81: The Retired Professional Basketball Player—Psychological Aspects
	81.1	 Summary
	References


