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Abstract

Purpose of Review There is little doubt that the consensus has changed to favor preservation of meniscal function where possible.
Accordingly, the indications for meniscal repair strategies have been refocused on the long-term interest of knee joint health. The
development and refinements in surgical technique have been complemented by biological augmentation strategies to address
intrinsic challenges in healing capacity of meniscal tissue, with variable effects.

Recent Findings A contemporary approach to meniscal healing includes adequate surgical fixation, meniscal and synovial tissue
stimulation, and management of the intraarticular milieu. Overall, evidence supporting the use of autogenous or allogeneic cell
sources remains limited. The use of FDA-approved medications to effect biologically favorable mechanisms during meniscal
healing holds promise.

Summary Development and characterization of biologics continue to advance with translational research focused on specific
growth factors, cell and tissue behaviors in meniscal healing, and joint homeostasis. Although significant strides have been made
in laboratory and pre-clinical studies, translation to clinical application remains challenging. Finally, expert consensus and
standardization of nomenclature related to orthobiologics for meniscal preservation will be important for the advancement of

this field.

Keywords Meniscus - Meniscal repair - Biologics - Biological augmentation - Drug repurposing

Introduction

The menisci function biomechanically by guiding load distri-
bution, providing joint congruency, acting as a shock absorb-
er, and enhancing knee stability. Biologically, the menisci
contribute to joint lubrication and articular cartilage nutrition
and likely serve an active role in overall joint homeostasis [1].
Considered together, the combined biomechanical and biolog-
ical functions of the menisci serve an overall
chondroprotective role [2]. Historically, the clinical associa-
tion between osteoarthritis and meniscectomy was first estab-
lished by Fairbanks in 1948 and iterative scientific
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developments have prompted a shift to preserving the menis-
cus where possible [2—4]. As a direct result, advances in sur-
gical fixation techniques and biological augmentation strate-
gies have been applied to improve outcomes and to expand the
indication of meniscal repair.

From a societal perspective, the burden of meniscal pathol-
ogy is significant with over 1,000,000 meniscal procedures
performed in the USA annually, and this number is growing
[5]. Unfortunately, clinical results after isolated meniscal re-
pair are not always satisfactory and have been aggregated to
an overall failure rate of around 25% in the literature; this may
be at least partially due to extending the indications to tears
with poor intrinsic healing potential in an attempt to salvage
the meniscus [6¢]. Specific tear and patient characteristics re-
main critical when indicating a meniscal repair and assessing
the efficacy of repair and augmentation strategies [7, 8].
Contraindications to repair include poor tissue vascularity,
degenerative tissue changes, advanced patient age, poor pa-
tient compliance with rehabilitation, and the presence of either
knee instability or osteoarthritis. Magnetic resonance imaging
(MRI) is important for characterizing both the tear pattern and
tissue quality. Tear characteristics currently deemed unsuit-
able for repair include chronicity of the tear, smaller
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longitudinal tears (< 10mm), radial tears limited to the inner
two-thirds of the meniscus (avascular region), and degenera-
tive tears [2]. From a biological standpoint, vascularity of the
repair influences outcome with peripheral, well-vascularized
“red-red” zone tears having the best propensity for healing,
followed by the “red—white” junction. Tears in the inner avas-
cular “white—white” zone have the least propensity to heal
[9ee, 10]. Regarding precise technique, contemporary “all-in-
side” repair techniques demonstrate comparable outcomes to
inside-out repair, including peripheral unstable longitudinal
“bucket-handle” tears [11].

The term “biologics” is generally accepted to include tech-
niques that employ the selective concentration of patient-
derived peripheral blood and the harvesting of autogenous
“progenitor cells” from the bone marrow and adipose tissue.
Allogeneic biological treatments include the utilization of tis-
sue or cells derived from the placenta, amnion, and fetal um-
bilical vein [12]. In general, biologics have been applied in the
setting of meniscal repair to enhance meniscal tissue healing
and to manage the post-injury and post-surgery joint milieu.

Biological targets to enhance meniscal healing include (i)
cell homing from the synovium and surrounding meniscus,
(ii) stimulation of intrameniscal cell proliferation and matrix
production, (iii) increased vascularity at/to the repair site, and
(iv) stimulation of matrix synthesis and remodeling of the
repair tissue. Simultaneously, management of the post-injury
and post-surgical inflammatory joint milieu attempts to create
an intra-articular environment that is more conducive to
meniscal healing by normalizing protease and cytokine activ-
ity to restore joint homeostasis and ultimately improve long-
term knee joint health. These considerations suggest that the
nature and timing of biologics applied to meniscal treatment
vary significantly and that an optimized, comprehensive ap-
proach likely warrants multiple strategies over multiple time
points.

Focusing on meniscal tissue repair, the role of specific
growth factors has been demonstrated in vitro for important
cell behaviors including cell migration, proliferation, and ma-
trix production [1]. In vivo, fibroblast growth factor-2 (FGF-
2) and connective tissue growth factor (CTGF) have demon-
strated enhancement of meniscal repair in a rabbit model, and
vascular endothelial growth factor (VEGF) was effective in a
sheep model [13—15]. While specific growth factors have been
applied to enhance bone healing, they are yet to be applied
clinically for meniscal healing. Nonetheless, an understanding
of the effect of specific growth factors may guide the devel-
opment of optimal biological strategies using quantitative
compositional characterization in the context of objective
and subjective clinical outcomes [16].

The purpose of this review is to summarize recent advance-
ments in biologics applied to meniscal injury and treatment.
These developments are discussed thematically with an em-
phasis on translational and clinical data.

Physical Modalities at the Tear Site: Meniscal
and Synovial Tissue Stimulation

The application of mechanical techniques to stimulate healing
around the repair site by stimulating vascular ingrowth into
the outer meniscus and adjacent synovium represents the ear-
liest forms of biological augmentation. The rationale for sy-
novial abrasion is to stimulate the synovial reflection present
at the peripheral attachment of the medial and lateral menisci
on the femoral and tibial articular surfaces to optimize the
reactive pannus formed following injury. Ochi et al. demon-
strated that hypertrophic synovium expresses favorable cyto-
kine profiles in the rabbit model [17]. Arnoczky et al. demon-
strated that synovial abrasion resulted in enhanced fibrovas-
cular healing due to proliferation of vascularized synovial tis-
sue at the repair site in the dog model [18]. A study by
Nakhostine et al. made the distinction that the technique was
less effective on tears further from the synovial rim [19].
Overall, clinical data supporting synovial abrasion alone and
in conjunction with other augmentation strategies for the treat-
ment of stable or partial thickness meniscal tears have helped
popularize this technique despite the lack of control groups,
and its simplicity and relative ease of execution have made it a
popular technique during meniscal repair (Fig. 1).

The technique of trephination was introduced as a means of
creating a vascular access channel while avoiding significant
damage to the collagen architecture of the meniscus. A series
of horizontally orientated trephinations are made with a hypo-
dermic needle (18-gauge needle or larger) to produce a series
of bleeding puncture sites at the peripheral aspect of the
meniscal rim, which provides an avenue for vascular in-
growth. Fox et al. reported this technique in the treatment of
incomplete lesions in the peripheral and middle third of the
meniscus reporting a 90% success rate in their series that
lacked a control group [20]. Zhang and Arnold compared 36

Fig. 1 Synovial abrasion is performed using a synovial rasp at the repair
site
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patients who underwent suture fixation of a meniscal tear with
trephination to 28 patients with suture repair alone [21]. They
observed a significantly smaller number of symptomatic
retears in the trephination group, concluding that trephination
was a safe, expedient, and efficacious augment to meniscal
repair.

Interfacial Tear Treatments

The use of exogenous fibrin clot to augment meniscal repair
was initially developed in animal models and has translated to
patients with some clinical success, despite potential chal-
lenges in maintaining the clot in situ at the repair site [22,
23]. Blood clots contain various cytokines (vascular endothe-
lial growth factor, insulin-like growth factor-1, fibroblast
growth factor basic, hepatocyte growth factor, and stromal
cell-derived factor-1) known to stimulate meniscal cells
in vitro with some evidence suggesting that fibrin clots de-
rived from the bone marrow contain greater quantities than
those from peripheral blood [24]. Fibrin clot preparation from
peripheral blood takes 3 to 5 min and requires 30 mL for a 1—
2-mL clot; this is placed in a sterile beaker and then using a
sintered glass barrel from a 20-mL glass syringe, the blood is
gently stirred gently until a fibrin clot is precipitated at the
surface. The final consistency of the fibrin clot resembles
wet chewing gum and can hold a suture (Fig. 2). Henning
et al. reported positive results using a fibrin clot injected into
the seam of the repair with an 8% failure rate versus 41%
failure rate in repairs without fibrin clot [25]. Similar positive
results were seen in a subsequent study from the same group
using a fascial sheath to contain the clot at the repair site of

Fig.2 A clot is maintained at the tear site and incorporated into the repair
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complex tears [26]. Similarly, Yamanashi et al. described a
technique using a polyglycolic acid (PLGA) sheet to contain
the blood clot at the repair site [27]. Van Trommel et al. de-
scribed a series of five radial tears of the lateral meniscus that
extended to the popliteus treated with fibrin clot augmentation
that all went on to heal based on direct evaluation with second-
look arthroscopy [28]. Similarly, Ra et al. retrospectively re-
viewed patients with complete radial tears (9 lateral, 3 medial)
who underwent inside-out repair with fibrin clot; 11/12
showed evidence of complete healing on MRI with 6/7 seen
to heal on second look arthroscopy with associated improve-
ments in clinical outcome metrics [29]. Jang et al. reported a
success rate of 95% in 41 meniscus tears (19 radial tears, 12
longitudinal tears in the red—white zone, 7 transverse, and 3
oblique) following augmented arthroscopic inside-out repair
with autologous fibrin clot [30]. Kamimura et al. described a
series of 10 patients with degenerative horizontal cleavage
tears that were repaired using fibrin clot, with 70% healing
on second look arthroscopy [31].

Platelet-rich fibrin (PRF) is a blood product with structural
properties that facilitate handling and allow attachment to a
meniscal tear interface or layering over the repair (Figs. 3 and
4). In addition, PRF in vitro demonstrated favorable elution
characteristics compared to PRP in terms of duration and
quantity of growth factor [32, 33]. Kemmochi et al. compared
17 patients who underwent meniscal repair with PRF and PRP
with 5 control patients. PRF was delivered to the repair site
using a customized device. At the latest follow-up, there was a
similar improvement in clinical outcome and MRI-assessed
healing between the intervention and control groups [34].

Fig. 3 Platelet-rich fibrin is robust enough to be incorporated in the repair
construct
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Ciemniewska-Gorzela et al. reported 5-year patient-report-
ed outcomes and MRI assessment following meniscal repair
with a collagen matrix wrapping of each complex tear inter-
face [35+]. Fifty-four patients were treated using the collagen
matrix wrapping with bone marrow blood injection; of these,
44 were available for analysis. There was a significant im-
provement in subjective scores and clinical assessment be-
tween the preoperative, 2-year follow-up, and 5-year follow-
up time points. Overall survival rate of the repair at final
follow-up was 88%. The WORMS osteoarthritis severity
grade increased from 6.9 +/— 5.0 points at the 2-year follow-
up to 11.1 +/= 9.6 points at the 5-year follow-up, and patients
undergoing concomitant ACL reconstruction had significant-
ly more osteoarthritis progression.

Management of the Joint Milieu

Interest in bone marrow—derived cells and factors to improve
meniscal healing was borne out of a positive clinical correla-
tion between ACL reconstruction and meniscal healing rates.
The positive association between ACL reconstruction and
meniscal repair was observed by Cannon and Vittori who
published improved success rates (53 to 93%) compared to
isolated meniscus repair [36]. Shelbourne and Heinrich’s
long-term follow-up of lateral meniscal tear healing rates sim-
ilarly demonstrated 96% normal or near-normal results when
associated with ACL reconstruction [37]. These findings sug-
gest the potential role of marrow elements in the intra-articular
milieu during meniscal healing, notwithstanding the potential
confounding role of a slower ACL rehabilitation protocol
[38]. With this rationale in mind, the use of microfracture in
the intercondylar notch (“marrow venting”) to introduce mar-
row elements into the knee joint during isolated meniscal re-
pair has been adopted with relative ease of application (Figs. 5

Fig. 4 Platelet-rich fibrin is maintained at the repair site

Fig.5 Marrow venting: An awl is used to microfracture the intercondylar
notch

and 6) [39]. Dean et al. reported similar healing rates of iso-
lated meniscal tears augmented with marrow venting to those
undertaken in the setting of ACL reconstruction, supporting
the role of marrow venting in meniscus repair augmentation
[40e°].

Characterization of the cytokines in bone marrow concen-
trate (BMC) has confirmed an anti-inflammatory profile that
may be advantageous in the setting of meniscal repair [41].
This concept is distinct from the utilization of BMC prepara-
tions to provide a source of mesenchymal stromal cells (MSC)
for healing as the MSC content is small, accounting for only
0.01-0.02% of the cellular composition of BMC [42]. Koch

Fig. 6 Marrow venting: Marrow elements enter the joint through the
microfracture holes
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et al. reported enhanced meniscal healing in vivo for an avas-
cular meniscal tear in a rabbit model treated with BMC when
compared to both platelet-rich plasma (PRP) and untreated
controls [43].

PRP formulations offer a point of care strategy to deliver
various growth factors to healing meniscus tissue. Although
there is tremendous variability in clinically available PRP for-
mulations with no single standard definition, some have de-
fined PRP as containing a platelet concentration of at least
1,000,000 platelets/uL in 5 mL of plasma representing a three-
fold to fivefold increase in concentration over normal circu-
lating platelet numbers. PRP has been shown to contain vari-
ous growth factors, including transforming growth factor beta-
1 (TGF-B1), fibroblast growth factor-2 (FGF-2), platelet-
derived growth factor (PDGF), and vascular endothelial
growth factor (VEGF), all of which are implicated in the de-
sired biological goals of cell chemotaxis, cell differentiation,
angiogenesis, and extracellular matrix production [41].
However, it is well recognized that the variability in tech-
niques for preparation of PRP results in significant heteroge-
neity in composition, with potential impacts on biological ef-
fects [44]. Ishida et al. demonstrated that meniscal cells
(fibrochondrocytes) cultured in PRP demonstrated enhanced
expression of mMRNA for extracellular matrix (ECM) proteins
relative to the controls. In vivo, enhanced healing of full-
thickness meniscal tears created in the avascular region in a
rabbit model was observed following PRP treatment using a
gelatin hydrogel delivery system [45].

In the clinical setting, Pujol et al. followed a cohort of 34
patients following open repair of a horizontal meniscal tear: 17
with PRP and 17 without [46]. At 2 years, the PRP group
demonstrated better KOOS and sport-related outcomes com-
pared to the control, and complete or partial healing of the
meniscal tear was seen more often in the PRP group on
follow-up MRI (75% vs 40%). Dai et al. investigated the
effect of PRP to augment lateral discoid meniscal tear
inside-out repair [47]. Comparing 14 PRP patients to 15 con-
trol patients, there was no difference in clinical outcome
scores or retear rate. Griffin et al. compared the clinical out-
comes of inside-out meniscal repair with PRP (15 patients)
and without PRP (20 patients) [48]. They also failed to dem-
onstrate a difference in reoperation rate or clinical outcome
measures, although this study had limited power. Everhart
et al. reported on a larger cohort of 550 patients investigating
the effect of two PRP preparations for isolated meniscal repair
and meniscal repair associated with anterior cruciate ligament
(ACL) reconstruction [49¢]. Their findings at 3 years support-
ed a decreased failure risk (partial meniscectomy/TKA) in the
PRP groups compared to the control (14.6% vs 17%) for iso-
lated meniscal tears only; the positive effect of PRP was not
observed following concomitant ACL reconstruction.
Kaminski et al. conducted a prospective, double-blinded,
placebo-controlled randomized controlled trial (RCT)
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comparing leukocyte-rich PRP with saline control (with treph-
ination for both groups) in 37 patients and reported enhanced
meniscal healing rates on MRI/second look arthroscopy (85%
vs 47%, P < 0.005) [50e¢].

Cell-Based Approaches

Cell-based approaches to meniscal repair and regeneration
may be comprehensively scrutinized using the Minimum
Information for studies evaluating Biologics in Orthopaedics
(MIBO) consensus checklist [S1e¢]. Application of autoge-
nous or allogeneic cells represents another promising ap-
proach to improving meniscal healing and regeneration. The
potential role of exogenous cells is further exemplified by the
observation that following acute meniscal injury, synovium-
derived MSCs can be found in synovial tissue [52]. The me-
niscus also contains resident progenitor cells in all three zones
that represent a future target for intrinsic tissue cell homing
[9].

Zellner et al. investigated the potential of precultured,
prochondrocytic MSCs and undifferentiated MSCs on a
hyaluronan scaffold in a rabbit model, reporting that undiffer-
entiated MSCs resulted in superior meniscal restoration
supporting the role of MSCs as a source of both cells and
trophic mediators of repair [53]. Moriguchi et al. demonstrat-
ed consistent healing of avascular meniscal tears in a minia-
ture swine model using a tissue-engineered scaffold-free con-
struct derived from synovial MSCs [54]. Ozeki et al. reported
enhanced meniscal repair using allogeneic synovial MSCs in a
microminipig model at 8 weeks using a comprehensive as-
sessment involving quantitative MRI, polarized light micros-
copy, and histology [55]. Whitehouse et al. performed a clin-
ical study on patients to investigate the safety of applying
MSCs to an avascular meniscal tear as part of a comprehen-
sive translational approach [56¢¢]. Five patients underwent
autologous MSC harvest from the iliac crest; these cells were
placed in culture for 13 days and underwent immunohisto-
chemical assessment prior to seeding on a collagen scaffold
and implantation with suture fixation. At 2 years, 3/5 patients
exhibited functional improvement and had no MRI evidence
of retear. However, at 15 months, 2/5 patients required a re-
turn to the operating room for partial menisectomy due to
symptomatic retear [56¢¢]. Seyika et al. enrolled five patients
to receive MSCs derived from the synovial tissue of the
suprapatellar pouch following repair of a complex, degenera-
tive medial meniscal tear [57+¢]. After digestion, the cells were
cultured in autologous serum for 14 days. The cells were
injected at the meniscal repair site 14 days after the initial
arthroscopic repair. At 2 years, total Lysholm knee score,
the Knee Injury and Osteoarthritis Outcome Scale ( KOOS)
scores for “pain,” “daily living,” and “sports activities,” and
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the Numerical Rating Scale were significantly improved, 3-D
MRI demonstrated healing, and there was no revision surgery.

Vangsness et al. conducted a randomized double-blinded
controlled study investigating the safety of intra-articular in-
jection of allogeneic MSCs into the knee, performed 7 to 10
days following partial meniscectomy [58]. Longitudinal MRI
scans were performed over a 2-year period to observe osteo-
arthritis progression and to perform volumetric assessment of
the operated meniscus. Overall, 55 patients across 7 institu-
tions were randomized to 3 treatment groups: (i) injection of
50 million allogeneic MSCs; (ii) injection of 150 million
MSCs, and (iii) a control group receiving the sodium
hyaluronate vehicle alone. Meniscal regeneration was mea-
sured using an a priori threshold of 15% increase in meniscal
volume; 24% of patients who received 50 million cells had a
significant increase in meniscal volume compared to 6% of
patients in the higher dose group (150 million cells); no vol-
umetric increase was seen in the control group. In patients
with established osteoarthritic changes, MSC administration
was associated with improvements in Visual Analogue Score
(VAS) pain scores across both groups. Importantly, no clini-
cally important safety issues including ectopic tissue forma-
tion were encountered.

Rehabilitation, Mechanobiology,
and Modalities

General consensus regarding the optimal approach to re-
habilitation following meniscal repair with or without bi-
ological augmentation remains elusive. Specific tear and
procedure-related characteristics dictate progression with
obvious concerns for the integrity of the repair, making
clear the importance of establishing open communication
between the surgeon and physical therapist. In vivo stud-
ies have demonstrated that prolonged immobilization of
the repaired meniscus results in decreased collagen forma-
tion at the repair site [59]. In addition, immobilization of
an intact meniscus in the rabbit model resulted in de-
creased permeability and degenerative changes in the
deep layers of the meniscus [60]. At the cellular level,
in vitro mechanobiology studies suggest that tensile strain
to the meniscal fibrochondrocyte may reduce the inflam-
matory phenotye and enhance glycosaminoglycan produc-
tion [61]. Regarding specific modalities, blood flow re-
striction (BFR) exercise has shown promise as an adjunct
in overall lower extremity rehabilitation. Recently,
Callanan et al. investigated the impact of performing
BRF exercise prior to the procurement of peripheral
blood—derived biologics [62¢¢]. Specifically, they investi-
gated the proportions of CD34+ cells, platelets, white
blood cells, neutrophils, lymphocytes, lactate, and glu-
cose. In 14 healthy individuals, exercise with BFR caused

a significant post-exercise increase in peripheral hemato-
poietic progenitor cells and platelets compared to standard
resistance training, representing a potential opportunity to
optimize point of care biological strategies.

In the senior author’s institution, rehabilitation follow-
ing meniscal repair consists of use of a double upright
hinged brace to allow 0-90° flexion for the first 4 weeks.
Weight-bearing is graduated in full extension in the brace;
weight-bearing without the brace begins at 4-6 weeks
post operatively. While partial weight-bearing with the
knee in full extension appears safe following repair of a
vertical longitudinal tear, a more conservative approach
may be considered for repair of a radial tear. Patients
are counseled to avoid high-impact athletics for 4-6
months. In athletes, the opportunity to individualize reha-
bilitation protocols is heavily reliant on open communica-
tion between the therapist, athletic trainer, and surgeon
with a desired trend towards accelerated, integrated pro-
tocols that may facilitate return to sport without
compromising career goals of the athlete or their long-
term knee joint health.

Repurposing of Medication for Meniscal
Injury and Repair

Recent heightened interest in the repurposing of FDA-
approved medications for other clinical indications has
percolated from other medical specialties into orthopedic
research. Repurposed medications are attractive as they
offer a potentially easier route to clinical utilization and
often have well-established patient safety profiles [63].
Zhang et al. investigated the effect of local hydrogel deliv-
ery of simvastatin on meniscal healing in the rabbit
meniscal avascular defect model. Their findings supported
significantly more repair tissue in the simvastatin group
than in the control and this finding was coincident with
increased types I and II collagen and BMP 2 and 7 at 12
weeks [64¢¢]. The repair tissue was stiffer, and there was an
upregulation in COL1 and COL2. Losartan is an antihy-
pertensive medication with selective angiotensin II type 1
receptor antagonism. It also functions to inhibit TGF-81,
exerting a dampening effect on the TGF-B1-Smad pathway
and collagen expression. Losartan has been applied in
strategies to prevent fibrosis in musculoskeletal tissues
[65]. Losartan also exerts effects on endothelial—
mesenchymal transition (EndMT), a key element of cyto-
skeleton remodeling and scar tissue formation following
cardiac and musculoskeletal injury. With these mecha-
nisms in mind, Nakama et al. investigated the effect of
systemic losartan on point-of-care biologics in the rabbit
osteochondral injury and repair model [66]. Their findings
supported a partial block of EndMT with increased CD31+
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and decreased CD45+ cells (hematopoietic cells) in BMC
following losartan administration; there was no effect of
oral losartan on TGF-B1 levels in leukocyte-poor PRP.
The same group expanded their investigation in the rabbit
osteochondral model and demonstrated superior hyaline-
like cartilage repair following microfracture in the rabbits
receiving systemic losartan; these findings were co-
incident with downregulation of signaling TGF-B1 in the
synovial tissue compared to those rabbits not treated with
losartan [67]. Although studies investigating the specific
effect of losartan on meniscal healing are lacking, it may
hold promise in the future. Finally, management of the pro-
inflammatory intraarticular milieu following meniscal in-
jury and repair using repurposed medications is another
promising approach. Established disease-modifying arthri-
tis drugs with specific cytokine inhibition have been sug-
gested to optimize the intraarticular environment during
healing and recovery. Some cytokine inhibitors that might
be considered include anakinra (Kineret®, IL-18),
entanercept (Enbrel®, TNF-«), and tocilizumab
(Actemra®, IL-6). Ultimately, well-designed randomized
controlled trials are warranted; the proposed MOCHA trial
(ClinicalTrials.gov, NCT04572256) investigating the
chondroprotective effects of montelukast (Singulair®, a
leukotriene receptor antagonist, used for the treatment of
asthma) following ACL injury and reconstruction may
provide a comparable precedent [68].

Conclusions

In clinical practice, biological augmentation of meniscal
healing and regeneration may be applied to a spectrum of
clinical scenarios in an attempt to improve meniscus healing.
However, further study is required to carefully characterize
the biologic agents used and to objectively measure their ef-
fect on meniscus healing and regeneration in order to further
our insight into clinical translation of these treatments.
Consensus on the nomenclature and reporting of biological
treatments (including autogenous and allogeneic cell sources)
represents a step forward for orthobiologics. Finally, local
meniscal and synovial tissue stimulation, tear interfacial treat-
ments, and management of the intraarticular milieu represent a
comprehensive approach to optimizing the biological aspects
of meniscus healing.
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