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47.1 Cartilage Injuries

47.1.1 Introduction

Articular cartilage injuries in the athlete repre-
sent a significant source of pain and disability,
resulting in time lost from play and predisposing
athletes to early joint degeneration and shortened
athletic careers [1, 2]. Athletes competing in
sports requiring repetitive, high-impact loading
such as basketball are particularly susceptible to
chondral injuries secondary to acute traumatic
episodes or repeated loading over time. A sys-
tematic review of 11 studies, comprising 931

D. M. Knapik (D<)

University Hospitals Sports Medicine Institute,
University Hospitals Cleveland Medical Center,
Cleveland, OH, USA

R. Gilat
Midwest Orthopaedics at Rush University Medical
Center, Chicago, IL, USA

Department of Orthopaedic Surgery, Shamir Medical
Center and Tel Aviv University, Tel Aviv, Israel

E. D. Haunschild - B. Cole
Midwest Orthopaedics at Rush University Medical
Center, Chicago, IL, USA

L. Laver

Department of Orthopaedics, Sports Medicine Unit,
HYMC, A Technion University Hospital,

Hadera, Israel

ArthroSport Sports Medicine, ArthroSport Clinic,
Tel-Aviv, Israel

© ESSKA 2020

American basketball, football, and endurance
running athletes reported chondral defects to be
present in up to 36% of knees [3]. Combined with
the rising incidence of athletic participation at all
levels of competition, a growing incidence of
sports-related injuries to the articular cartilage
has been reported [4—6], with a consequential
increase in surgical procedures being performed
annually for chondral injuries [7-10].

Particularly in basketball players, the integrity
of articular cartilage is essential to optimize joint
motion and minimize friction while providing
support for the mechanical joint stresses placed
across the knees during jumping, running, and
cutting [11]. However, due to the poor inherent
healing capacity of cartilage, secondary to the
aneural, avascular nature of chondrocytes, the
intrinsic potential for repair is minimal, with
injured cartilage substituted by fibrocartilage [12—
16]. Moreover, continued loading on injured car-
tilage has been shown to result in the accumulation
of degradative enzymes and cytokines, leading to
disruption of the collagen ultrastructure, resulting
in further chondral damage [17-19]. As such,
articular cartilage injuries represent a therapeutic
challenge in the athlete due to the high functional
demands placed on the articular surfaces and the
athlete’s desire to return to the same or higher lev-
els of competition following injury [20].

The goal of returning athletes to pre-injury lev-
els quickly following chondral injuries while min-
imizing the risk for development of long-term
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chondral degeneration has led to increased inter-
est in the use of minimally invasive treatment
options [21-24]. Specifically, increased attention
has focused on the use of orthobiologics both as
an isolated, nonoperative treatment modality and
as an adjunct therapy during operative cartilage
restoration procedures to promote cartilage heal-
ing and regeneration [6, 20, 22, 24]. Orthobiologics
are defined as naturally occurring substances in
the human body used to improve healing of
injured cartilage, muscle, tendon, ligaments, and
fractures [16]. Orthobiologics currently utilized
for the treatment of sport-related chondral injuries
include platelet-rich plasma (PRP), bone marrow
aspirate concentrate (BMAC), and mesenchymal
stem cells (MSC). The purpose of this chapter is
to review the current literature on the use of ortho-
biologics in the treatment of articular cartilage
injuries in the athlete.

47.2 Platelet-Rich Plasma

The use of PRP in isolation or as an adjunct to
surgery for the treatment of sports-related chon-
dral injuries in the athlete has gained significant
interest in recent years [25-28]. PRP is defined as
harvested autologous biological blood, concen-
trated via centrifuge to contain 1.5-2 to around a
ninefold increase in platelet concentration com-
pared with baseline endogenous serum levels
[29, 30] or more than one million platelets per
milliliter of serum although these values may not
be agreeable by all, and reports of higher concen-
trations exist as well as commercially available
products [31, 32] (Figs. 47.1 and 47.2). Injection
of PRP leads to platelet activation, while also
stimulating the release of various growth factors
and cytokines [22, 30]. These biologic mediators
include vascular endothelial growth factor
(VEGF), platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF), insulin-like
growth factor-1 (ILGF-1), interleukin-1f, inter-
leukin-10, and tumor necrosis factor-p [33].
These growth factors and cytokines have been
shown to activate biologic pathways, providing
anti-inflammatory effects, while stimulating
matrix synthesis, endothelial growth, angiogene-

Fig.47.1 Platelet-rich plasma (PRP) before centrifugation

W

Fig.47.2 Platelet-rich plasma (PRP) after centrifugation
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sis, collagen synthesis, cell proliferation, and cell
differentiation to initiate tissue healing [15, 16,
22, 34-37]. PRP preparations are traditionally
divided based on leukocyte concentration, sepa-
rated into leukocyte-rich PRP (LR-PRP) and
leukocyte-poor PRP (LP-PRP) preparations [18,
38]. Prior studies have shown that LR-PRP cre-
ates a less ideal environment for chondral repair
and detrimental to clinical outcomes through the
expression of pro-inflammatory markers and cat-
abolic cytokines [39, 40].

The widespread use of PRP, coupled with the
relative ease and safety of obtaining autologous
PRP with little risk to the patient, have made the
use of PRP an attractive option for the manage-
ment of cartilage injuries [33, 41]. However,
there remains limited evidence on the efficacy of
PRP for the treatment of cartilage injuries, par-
ticularly in the athlete. As such, while the major-
ity of clinical investigations have examined
outcomes associated with PRP use in non-
athletes, multiple investigations have reported
superior outcomes associated with the use of
PRP treatment in younger patients with less
severe degenerative chondral changes in the
knee, comparable to the athletic population. Kon
et al. compared 50 patients with symptomatic
knee osteoarthritis (OA) undergoing three PRP
injections to 100 patients treated with either high-
molecular-weight hyaluronic acid (HA) or low-
molecular-weight HA. The authors found that
PRP provided improved outcomes and a longer
duration of efficacy in reducing pain and symp-
toms based on visual analog scale (VAS) and
International Knee Documentation Committee
(IKDC) scores [42]. When analyzed based on
patient age and degree of osteoarthritic changes,
superior results were reported in younger and
more active patients with lower degrees of carti-
lage degeneration. Cole et al. similarly reported
in their double-blind, randomized controlled trial
of patients with unilateral knee OA comparing
LP-PRP to HA injections that patients with mild
OA and lower body mass index experienced sig-
nificantly better outcomes [43]. Meanwhile, the
systematic review by Campbell et al. examining
three meta-analyses comparing the use of PRP
injection to the knee versus corticosteroids, HA,

oral nonsteroidal anti-inflammatory drugs, or
placebo found increased benefit for using PRP
with reduced pain, improved range of motion,
and quality of life in patients with focal chondral
defects and early mild to moderate osteoarthritis
[44]. Moreover, assessing athletes at the end of
their career with chronic knee pain secondary to
degenerative chondral lesions of the knee, Papalia
et al. analyzed 48 professional soccer athletes
randomized into two groups receiving either
three injections of hybrid HA (HHA; n = 24 ath-
letes) or three injections of PRP (n = 23 athletes)
[45]. While athletes in the HHA group demon-
strated significantly superior results when com-
pared to the PRP group at 3 and 6 months
follow-up, no significant differences in outcomes
were reported by 12 months.

Fact Box

Multiple investigations examining out-
comes following the use of PRP for the
treatment of articular cartilage injuries
have reported improved outcomes in
younger patients with lower degrees of car-
tilage degeneration [46—48].

Few studies have examined the impact of PRP
for the treatment of chondral lesions about the
hip, with limited data in athletic patients. Dallari
et al. examined 111 patients aged 18-65 years
old, randomized to three groups, receiving three
weekly injections of either PRP, PRP + HA, or
HA [49]. The authors reported that patients
receiving PRP alone had lower VAS pain scores
at 2, 6, and 12 months follow-up, along with sig-
nificantly better Western Ontario and McMaster
Universities Arthritis Index (WOMAC) scores at
2 and 6 months. Meanwhile, Battaglia et al. per-
formed a non-blinded, randomized trial compar-
ing PRP versus HA in 100 consecutive patients
with hip OA. Harris Hip Score (HHS) and VAS
pain scores were found to be significantly
improved between 1 month and 3 months follow-
up in both groups. However, progressive worsen-
ing of symptoms was reported between 6 months
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and 12 months follow-up despite scores
remaining significantly improved when com-
pared to preoperative values [S0]. Moreover, no
significant differences were found between the
PRP or HA groups at any time point, while a sig-
nificant association was appreciated between
higher Kellgren-Lawrence (K-L) OA grade
(Grade 1V) and VAS score over the course of the
investigation. As such, the use of PRP for chon-
dral lesions affecting the hip of the athlete
remains largely unknown and warrants further
investigation.

In addition to the lack of high-quality studies
examining the efficacy of PRP in athletes with
chondral injuries, a major limitation to the use of
PRP for the treatment of cartilage defects
remains the lack of standardization and variabil-
ity in PRP preparation techniques. The develop-
ment of proper terminology to describe and
classify the many different available PRP prod-
ucts and the variability in their characteristics is
essential, especially when comparing results
between various studies and analyzing the bene-
fits of such treatments. The need for improved
terminology, categorization, and classification
has emerged in recent years with the growing
number of reported studies using various PRP
products and resulted in several classification
systems. The first described and most compre-
hensive classification system is the Dohan
Ehrenfest classification [32], which is based on
cell content (mostly leukocytes) and fibrin archi-
tecture. Four main families were defined in this
classification:  Pure  platelet-rich  plasma
(P-PRP)—or  leukocyte-poor  platelet-rich
plasma (LP-PRP)—products are preparations
without leukocytes and with a low-density fibrin
network after activation; leukocyte- and platelet-
rich plasma (L-PRP) products are preparations
with leukocytes and with a low-density fibrin
network after activation; pure platelet-rich fibrin
(P-PRF)—or  leukocyte-poor  platelet-rich
fibrin—are preparations without leukocytes and
with a high-density fibrin network; and leuko-
cyte- and platelet-rich fibrin (L-PRF) products
are preparations with leukocytes and with a
high-density fibrin network. Two other classifi-
cation systems were proposed in recent years,

which were more directed toward sports medi-
cine applications. These are the Mishra classifi-
cation and the PAW (platelet, activation, white
cells) classification [34, 51]. Mishra et al. [51]
proposed a classification that takes into consid-
eration the presence of leukocytes, activation of
platelets, and platelets concentration.

This classification established four types of
PRP: an L-PRP solution (type 1 PRP), an L-PRP
gel—with activation (type 2 PRP), a P-PRP
solution (type 3 PRP), and a P-PRP gel—with
activation (type 4 PRP). Each type can be
described as an A or B subtype, with the A sub-
type standing for >XS5, the blood concentration
of platelets, and the B subtype standing for <X35,
the blood concentration of platelets. The PAW
classification [34] has similarities with the
Mishra classification and is based on the abso-
lute number of platelets, the manner in which
platelet activation occurs, and the presence or
absence of white cells. Different concentrations
of platelets, leukocytes, and other growth fac-
tors in the final PRP preparation have been
reported due to the availability of various com-
mercial PRP preparation systems, resulting in
wide variability in the contents of the final PRP
product [25, 47, 52]. This inconsistency may
account for the variable and oftentimes conflict-
ing results among studies [25, 53, 54]. Moreover,
lack of transparency and detail in reporting
preparation techniques in many studies has
made comparisons between studies difficult
[55]. Further questions regarding the number of
injections, timing of doses, use of LP-PRP ver-
sus LR-PRP, and the volume of injection require
further studies to establish a gold standard pro-
tocol for the preparation and use of PRP in ath-
letes [27, 33, 54].

Fact Box

There remains substantial discrepancy in
PRP preparation techniques, injection con-
tents, and delivery methods, warranting
additional studies to better define the opti-
mal treatment protocol for use in the athlete
[16, 18, 30, 49, 50, 56].
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Many more preparations are being investi-
gated for their efficacy in cartilage injuries such
as PRP-conjugate preparations and autologous
conditioned serum (ACS). There is recent interest
in creating PRP conjugates with other biologics
(such as hyaluronic acid) to enhance healing
through the properties of both materials [31, 57,
58]. However, there is no sufficient evidence to
support its efficacy in athletes. ACS products
such as Regenokine (marketed in the US) and
Orthokine (marketed in Europe) have shown
some success in the management of cartilage
pathology. Although, most studies have reported
efficacy in osteoarthritis [38, 59, 60], ACS is
commonly used in athletes, particularly in
Europe.

47.3 Bone Marrow Aspirate
Concentrate

The popularity of BMAC has recently increased
due to BMAC being one of the few procedures
approved by the Federal and Drug Administration
(FDA) for intra-articular, single-step delivery of
MSCs [48]. In addition to MSCs, BMAC pos-
sesses hematopoietic stem cells, endothelial
progenitor stem cells, and PDGFs that have
been shown to improve tissue healing [61].
Despite only accounting for 0.001-0.01% of
nucleated cells in standard BMAC injections
[62], MSCs possess strong inherent regenerative
properties. BMAC can presumably assist in the
treatment of articular cartilage injuries, due to
its regenerative potential, and ability to modu-
late the immune system via enhanced secretion
of growth factors and cytokines [63-65]. The
contents of BMAC have been shown to signal
surrounding tissues to secrete growth factors
and cytokines, including VEGF, PDGF, trans-
forming growth factor-beta (TGF-f), bone mor-
phogenetic protein (BMP)-2 and BMP-7, which
are present in higher quantities when compared
to PRP [22, 66]. These biologic modulators
have been linked to chondrocyte proliferation,
MSC differentiation, wound healing, as well as
the suppression of potentially detrimental pro-
inflammatory cytokines [67].

Clinically, BMAC augmentation has been
shown to play arole in regenerating more hyaline-
like repair tissue, improving patient-reported out-
comes, and improving radiographic evidence of
healing [68]. However, no current investigation
has focused on the use of BMAC specifically in
athletes. Chahla et al. reported in their systematic
review that despite the lack of high-quality stud-
ies examining the use of BMAC for the treatment
of early-onset OA, BMAC injection was a safe
procedure with few reported adverse effects [66].
However, varying degrees of beneficial results
with respect to the effect of BMAC for the treat-
ment of chondral defects and early OA were
reported, due to the high number of patients
treated with and without an additional procedure.
Meanwhile, Kim et al. reported outcomes of
BMAC injection with adipose tissue in a case
series of 75 knees (n = 41 patients) with knee OA
(K-L grades I-1V) [69]. While statistical signifi-
cance was not reported, VAS pain score, IKDC,
short-form  (SF)-36, Knee Injury and
Osteoarthritis Outcome Score (KOOS), and
Lysholm scores were found to be increased when
compared to preoperative values by 12 months.
Moreover, the authors noted a significant associa-
tion between higher K-L grade and inferior clini-
cal outcomes at final follow-up (p = 0.02).

Fact Box

Results following BMAC treatment for
articular cartilage injuries have demon-
strated improved outcomes in patients with
lower grades of knee degeneration [60].

When utilized as a surgical adjunct, Gobbi
et al. examined 15 patients with International
Cartilage Repair Society (ICRS) grade IV knee
chondral lesions (average size, 9.2 cm [4]) under-
going operative transplantation with BMAC cov-
ered with a collagen I/III matrix [70]. At
24 months, significant improvements in VAS
pain score, IKDC, KOOS, Lysholm, Marx,
SF-36, and Tegner scores were reported when
compared to preoperative values. The presence of
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hyaline-like tissue over the lesions was also
reported based on magnetic resonance imaging
(MRI) and histologic evaluation. Overall, supe-
rior outcomes were reported in patients with soli-
tary cartilage defects and in patients with small
lesions. Gobbi et al. further reported in their pro-
spective cohort study of patients with ICRS grade
4 chondral lesions of the knee treated with
HA-based scaffolds soaked in BMAC that clini-
cal outcomes were correlated with the size of the
chondral lesion treated [13]. Specifically, signifi-
cantly better subjective IKDC scores and a trend
toward a significantly better KOOS pain scores
were found in patients with lesions smaller than
8 cm [4] compared to those with lesions larger
than 8 cm [4] at final follow-up. For chondral
defects of the talus, Giannini et al. compared the
use of a single injection of BMAC (n = 25 cases)
versus open autologous chondrocyte implanta-
tion (ACI) (n = 10 cases) versus arthroscopic ACI
(n = 46 cases) in 81 patients with a mean age of
30 + 8 years [71]. At second look arthroscopy
with biopsy at 12 months, no significant differ-
ence in change in American Orthopaedic Foot
and Ankle Society (AOFAS) score was appreci-
ated between the three groups. However, BMAC
was noted to permit a marked reduction in proce-
dure morbidity and costs as a “one-step”
procedure.

A recent systematic review by Migliorini et al.
reported improved outcomes in patients receiving
MSCs injections for knee osteoarthritis with
12 months follow-up. They included 18 studies
and 1069 treated knees. Average age of patients
was 57 years old. They reported improvement in
patient-reported outcomes and a 12.7% local
complications rate [15].

Hede et al. evaluated the clinical outcomes of
ten patients treated with a one-step procedure
using autologous BMAC and PRP on a collagen
scaffold for large full-thickness cartilage lesions
of the knee. They reported an increase in clinical
outcome scores and pain scores at 1 and 2 years
postoperatively. However, they also found that
MRI and histology (from second-look arthros-
copy that was performed in seven patients) have
demonstrated repair tissue inferior to native hya-
line cartilage [21].

Fact Box

When used as an adjunct during operative
management, improved outcomes have
been reported in patients with isolated
chondral lesions or lesions measuring less
than 8cm? [2, 32].

Similar to PRP, the current literature examin-
ing the utilization of BMAC for athletic injuries
remains lacking in high-quality studies focusing
on athletes, as there remains limited evidence
supporting the efficacy of the BMAC product,
while standardized guidelines for preparation
remain limited [16]. In addition, the ideal harvest
site and technique, carrier for BMAC, number of
BMAC treatments, injection timing, and volume
remain poorly characterized [35].

47.4 Mesenchymal Stem Cells

MSCs have been shown to possess high plasticity
while  being  immune-suppressive,  anti-
inflammatory, and capable of self-renewal. MSCs
are known to produce proteins conducive to car-
tilage regeneration, making them perhaps the
most promising stem cell option for articular car-
tilage repair [12, 35]. MSCs are present and can
be harvested from various adult tissues, including
bone marrow, peripheral blood, adipose tissue,
and synovium. Recently, adipose-derived stem
cells (ASCs) have gained increased popularity
due to the ease of accessibility and harvest from
liposuction aspirate or from the infrapatellar fat
pad, resulting in minimal morbidity [37, 72].
Moreover, ASCs have been shown to possess up
to 300-fold more stem cells per volume when
compared to BMAC [9, 73] while maintaining
their phenotype better over culture passages
when compared with bone-marrow-derived
MSCs [63, 72, 74].

There are currently few studies examining the
use of MSCs for the treatment of chondral inju-
ries in athletes. However, MSCs have been
shown to possess chondro-inductive properties
in vitro, capable of inducing chondrocyte
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proliferation and extracellular matrix production
[75], resulting in encouraging clinical results
and pain reduction without significant complica-
tions. A systematic review by Chahla et al. iden-
tified six studies examining intra-articular
injections of stem cells within the knee for the
treatment of cartilage injuries [75]. While no
studies commented on the use of MSCs for ath-
letes, all studies were noted to report improve-
ment for patients with OA and focal chondral
defects without significant adverse events.
However, the authors noted that reported
improvements were modest and that the pres-
ence of a placebo effect could not be ruled out.
The retrospective cohort study by Kim et al.
examined 20 patients with knee OA treated with
MSC injection combined with PRP versus a
pair-matched cohort of patients undergoing
MSC implantation using a fibrin glue scaffold
[23]. At a mean follow-up of 28.6 months, the
authors reported significant improvement in
IKDC and Tegner activity score in both groups
compared to preoperative values, with signifi-
cantly higher IKDC scores in the implantation
group. Moreover, Nejadnik et al. compared out-
comes between patients with chondral defects
undergoing repair using ACI (n = 36) or bone-
marrow-derived MSCs (n = 36), with outcomes
measured at 3, 6, 9, 12, 18, and 24 months fol-
lowing treatment [76]. No significant differences
between groups were reported based on Lysholm,
IKDC, or Tegner activity scores, highlighting the
effectiveness of bone-marrow-derived MSCs for
focal cartilage lesions. Meanwhile, arthroscopic
implantation of synovial MSCs in 10 patients
with single chondral lesions of the femoral con-
dyles was found to improve MRI features score,
qualitative histology, and Lysholm score, but no
improvement in Tegner activity level was
reported [77]. Kyriakidis et al. have recently
published a study on 25 patients undergoing
treatment with ASCs implantation for focal car-
tilage defects of the knee with a 3-year follow-up
[78]. Patient-reported outcomes significantly
improved (p < 0.05), including IKDC, KOOS,
Tegner, and VAS. Interestingly, histological
analysis from two patients who underwent post-
operative biopsies demonstrated the presence of

hyaline-like tissue. Bastos et al. performed a ran-
domized, controlled, and double-blinded study
assessing the efficacy of culture-expanded MSCs
injection with or without PRP in patients with
knee osteoarthritis. They enrolled 47 patients in
three groups, MSCs (N = 16), MSCs + PRP
(N = 14), and corticosteroids (N = 17). They
reported an improvement in most KOOS
domains and global scores for the three groups in
1 and 12 months (p < 0.05). At 12-month follow-
up, the corticosteroids group only showed sig-
nificant improvement in the pain and function
sub-scores, while the MSCs and the MSCs+PRP
groups showed improvement in all KOOS
domains and global scores (except quality of life
for the MSCs+PRP group) [46].

Further research on the indication, safety, and
efficacy of MSCs, particularly ASCs, for the
treatment of athletic chondral-related injuries are
warranted. Most current studies lack a control
group, while in many other studies, additional
therapeutic interventions and orthobiologics have
been simultaneously added, preventing an accu-
rate understanding of the contribution of MSCs
to chondral healing. Similar to other orthobiolog-
ics, additional studies are necessary to better
understand optimal harvest location, culture
methods, cell concentration, and transplantation
method for the treatment of cartilage injuries in
athletes [77].

47.5 Meniscal Injuries

There are several inherent factors that create an
unfavorable environment for healing of a menis-
cus tear. These include the avascular nature of the
meniscus, the presence of synovial fluid and pro-
inflammatory cytokines, and the repetitive load
on the meniscus, which is virtually unavoidable.
The avascular nature of the meniscus poses a sig-
nificant challenge for meniscus tear healing. As
demonstrated by Arnoczky and Warren, only the
peripheral 10-30% of the meniscus is vascular-
ized [79]. Furthermore, the presence of synovial
fluid and proinflammatory cytokines has been
shown to have a catabolic effect on meniscal
healing [80].
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In recent years, there has been growing inter-
est in the role of orthobiologics in the treatment
of meniscal pathology. There are several modali-
ties for biologic augmentation of meniscal repair,
including use of a fibrin clot, cytokines and
growth factors, PRP, and cell-based therapies.
Although most studies were focused on augmen-
tation of meniscal repair, several studies have
also assessed the efficacy of orthobiologics
injections as a sole treatment for meniscal tears.
Wei et al. hypothesized that PRP can enhance the
healing of white on white meniscal tears [81].
Shin et al. have studied the effect of LR-PRP on
healing of a horizontal medial meniscus tear in a
rabbit model and found no significant differences
in meniscal healing between the LR-PRP group
and controls [82]. Ishida et al. reported an in-
vitro and an in-vivo study in a rabbit model dem-
onstrating increased healing with filling of the
meniscal defect with a gelatin hydrogel delivery
system for PRP [83]. Betancourt and Murrell pre-
sented a case of a 29-year-old woman improving
after treatment with LP-PRP injections for a
meniscal tear [84]. Blanke et al. reported on the
use of percutaneous PRP injections of intrasu-
bstance meniscal tears (grade 2) in ten recre-
ational athletes. The injections were aimed at the
affected site with the use of fluoroscopy guid-
ance. Each patient received three sequential
injections in a 7-day interval. Six patients (60%)
showed improvement in outcomes and increased
sports activity [85]. Literature on the effect of
other injectables is limited. However, of note,
Pak et al. have presented a case of a patient
treated successfully with an ASC percutaneous
injection [10].

47.6 Augmentation of Meniscal
Repair

A recent randomized controlled trial investigated
PRP augmentation of repaired vertical tears as
compared to isolated suture repair. The results
were favorable, with statistically significant func-
tional outcome improvement, lower failure rates,
and better healing on second look arthroscopy at
42 months after surgery in PRP-augmented

repairs [14]. Another recent study by Everhart
et al. found that PRP augmentation of isolated
meniscus repairs resulted in significantly
decreased failure rates at 3 years after surgery
[86]. However, PRP augmentation of meniscus
repairs with concomitant ACL reconstruction
was found to have no difference in failure rates
when compared to controls at the same time
period. A number of smaller studies with lower
levels of evidence have produced more mixed
results, with some showing modest benefits in
functional outcomes while others finding no ben-
efits when compared to placebo [24, 56, 87, 88].
While promising, there remains significant het-
erogeneity in PRP preparation techniques as well
as the type of tear being repaired, and future well-
designed studies are needed to corroborate these
early findings.

Fibrin clot augmentation has also proven to be
an efficacious adjunct to meniscus repairs in sev-
eral investigations. In an early investigation of
five patients with complete radial tears of the
posterolateral aspect of the lateral meniscus tra-
ditionally treated with meniscectomy, van
Trommel et al. completed suture repairs enhanced
with a fibrin clot [89]. On MRI assessment of
three of the five patients at an average of
71 months after surgery, all menisci were com-
pletely healed with no evidence of degenerative
change. Recently Ra et al. also utilized fibrin clot
augmentation of complete radial tear repairs in
12 patients, which similarly results in excellent
rates of healing and functional outcome improve-
ment [90]. Fibrin clots have also been investi-
gated in the repair of horizontal cleavage tears,
with significant functional outcome improve-
ment, but only a 70% healing rate on second look
arthroscopy at 12 months after repair [36]. As
with PRP augmentation, future large and well-
designed studies are needed to confirm the pre-
liminary benefits of fibrin clots in the healing of
meniscus repairs.

Additionally, the use of BMAC in meniscus
repair surgery has shown promise. In a basic sci-
ence study using a rabbit model with avascular
meniscal lesions, Koch et al. found that BMAC
augmentation demonstrated macroscopic and
histologic evidence of superior healing when



47 The Role of Orthobiologics in the Management of Cartilage and Meniscal Injuries in Sports

613

compared to PRP and no augmentation of suture
repaired meniscus lesions at 6 and 12 weeks after
surgery [91]. Another recent investigation by
Piontek et al. utilized bone marrow aspirate injec-
tion and collagen wrapping of repaired meniscus
lesions, finding favorable functional and radio-
graphic outcome improvements at 2 years after
surgery [92]. While preliminary, bone-marrow-
derived augmentation techniques are being
actively studied, with several ongoing clinical
trials currently investigating BMAC and menis-
cus repair.

47.7 Conclusion

The popularity of orthobiologics for the use of
cartilage and meniscal injuries in sports contin-
ues to increase. Current treatment guidelines for
the use of orthobiologics for cartilage defects and
meniscal tears based on type, size, location, and
defect severity while accounting for patient’s
age, activity level, and desire to return to compe-
tition remain poorly characterized, requiring fur-
ther research to define an optimal treatment
algorithm. Such algorithm should also differenti-
ate between the efficacy of orthobiologics for
focal defects, osteochondritis dissecans (OCD),
and osteoarthritis, as these pathologies may defer
in many aspects. Despite most investigations
reporting orthobiologics to be safe with few seri-
ous adverse effects, inconsistent and at times
conflicting data has been reported. The discrep-
ancy in outcomes requires standardization for
orthobiologic processing while defining the opti-
mal contents of orthobiologic preparations to
allow for reliable comparison among studies. By
defining a standard procedure, future basic sci-
ence and clinical research utilizing well-designed
randomized controlled trials are warranted to
determine the long-term impact of chondral inju-
ries in the knee of the athlete. Meanwhile, estab-
lishing short- and medium-term data for injuries
within the hip and ankle is necessary to better
understand the role of orthobiologics as a mini-
mally invasive individual treatment or adjunct
during operative intervention. Such limitations
must be weighed against the popularity of ortho-

biologics in their use for the treatment of articular
chondral and meniscal injuries in the athlete.

Take-Home Message

Despite the increased popularity of ortho-
biologics for the treatment of articular car-
tilage injuries, further investigations
standardizing treatment preparation, con-
tents, and protocols are necessary to better
understand the efficacy and long-term
effects of the use of orthobiologics in the
athlete.

The role of orthobiologics in meniscal
injuries is less understood, and current evi-
dence does not allow making recommenda-
tions regarding the use of orthobiologics in
meniscal injuries.
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