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Meniscus treatment: biological augmentation strategies: a
narrative review
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Objective: An up-to-date description on the biological augmentation strategies for meniscal repair
procedures was performed to highlight the main preclinical and clinical evidence available in the literature.
Background: Meniscal repair is a key surgical procedure to preserve as much meniscal tissue as possible to
limit the development of knee osteoarthritis (OA). Unfortunately, the results of meniscal repair procedures
are not always satisfactory, reporting an overall risk of failure of 25%, likely conditioned due to the poor
vascularization of the meniscal tissue. For this reason, several biologic augmentation techniques have been
developed to improve the meniscal healing process, ranging from mechanical stimulations to biological
products.

Methods: A literature review was conducted on the main biological augmentation procedures combined
to the meniscal repair process. A description of the rationale, surgical technique, and preclinical and clinical
evidence was performed.

Conclusions: Mechanical stimulations and fibrin clot were the first techniques applied showing several
limitations and not exciting results. Recently, platelet-rich plasma (PRP) augmentation to meniscal repair
is slowly spreading in the clinical practice. Early evidence from comparative studies showed a significantly
lower failure rate in patients treated with PRP augmentation compared with controls. Conversely, the
current few and low-level data on mesenchymal stem/stromal cells (MSCs) for meniscal augmentation repair
make this a promising but anecdotal topic. Further high-quality clinical studies are needed to support and

guide the use of biological strategies for the augmentation of meniscus repair, PRP.

Keywords: Meniscus; mechanical stimulation; meniscal repair; biologic meniscal augmentation

Received: 11 May 2021; Accepted: 31 August 2021; Published: 15 July 2022.
doi: 10.21037/a0j-21-14
View this article at: https://dx.doi.org/10.21037/a0j-21-14

Introduction knee injury, involving about 61 per 100,000 inhabitants

per year (2). The loss of meniscal tissue, following injury

The menisci are fibrocartilage structures playing a crucial or surgery, determines an alteration of joint homeostasis

role in stability, weight-bearing distribution, shock
absorption and proprioception in the knee joint (1).

Meniscal tears are the most common type of intra-articular
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and biomechanics, contributing to the development of
early osteoarthritis (OA). These detrimental effects are
more evident especially after meniscectomy of the lateral
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meniscus, due to its peculiar anatomy and biomechanics,
resulting in worse clinical outcomes compared to medial
meniscectomy (3). Accordingly, especially in young patients,
repair techniques gained increasing interest to address
meniscal tears, aiming at saving as much tissue as possible,
to preserve meniscal structure and function, and improve
long-term clinical and radiological outcomes.

Meniscal repair represents a successful procedure. Yet,
it is still encumbered by an overall failure rate of around
25% (4). In this regard, a plausible limiting factor is the
intrinsic low healing potential of the meniscal structure,
which can be attributed to a biologic impairment related to
the poor vascularity and cellularity of meniscal tissue (5).
Thus, different strategies have been investigated to
increase the success rate of meniscal repair, with increasing
research efforts toward biologic augmentation strategies.
These techniques include simple mechanical approaches,
represented by vascular access channels, trephination,
abrasion or more complicated ones, such as synovial flaps,
application of fibrin clots, platelet-rich plasma (PRP) or
treatments based on mesenchymal stem/stromal cells
(MSCs) concentrates. These biological procedures have
been described in different preclinical and clinical studies
showing controversial results in terms of efficacy for
successfully improving meniscal repair (6). In this article,
an up-to-date description is presented on the biological
augmentation procedures currently available in the clinical
practice for meniscal repair. We present the following
article in accordance with the Narrative Review reporting
checklist (available at https://aoj.amegroups.com/article/
view/10.21037/a0j-21-14/rc).

Rationale for meniscal repair augmentation

The main meniscal vascular supply is derived from branches
of the superior and inferior geniculate arteries forming a
perimeniscal and sub-synovial network of capillaries that
penetrate the menisci with a decreasing vascular supply
from the periphery to the center (7). This non-uniform
vascularization represents a critical aspect directly related
to the meniscal healing potential. In fact, only the outer
portion of the meniscus retains a blood supply in the adult,
thus presenting a good healing potential, while the inner
portion has a poor vascularization and therefore a limited
healing potential. Unfortunately, the majority of meniscal
tears occur in the avascular inner zone, which represents
a negative prognostic factor for meniscal healing (8). In
this scenario, research efforts have been focused on new
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strategies able to improve the healing potential of meniscal
repair.

A higher clinical success rate of meniscal repair has been
observed in cases associated with anterior cruciate ligament
reconstruction (ACLR) compared to the isolated meniscus
repair. The improvement of the meniscal healing rate has
been ascribed to the intra-articular bleeding from the tibial
tunnel, with growth factors and MSCs provision, and fibrin
clot formation after ACLR (9,10). In this light, the release
of bioactive molecules has been pursued also through the
creation of bleeding sites in meniscal tissue with mechanical
stimulation techniques, including vascular access channels,
trephination and abrasion. To further increase the biologic
augmentation potential, other strategies have gained a
growing interest, with different preclinical studies showing
positive effects of different approaches to provide bioactive
molecules and cells to foster meniscal cell activity in terms
of cell proliferation and matrix production (11,12). In fact,
preclinical studies reported that several growth factors,
including the vascular endothelial growth factor (VEGF),
platelet-derived growth factor (PDGF), transforming
growth factor beta (TGF-B), or insulin-like growth factor
1 (IGF-1), hepatocyte growth factor (HGF), can provide
potential effects in the meniscal healing process. In
particular, in a preclinical study, Bhargava er a/. showed that
the combination of PDGF and HGF increased cellularity in
and around the defect as well as the presence of organized
repair tissue in the defect (11). Based on promising
preclinical results, biological augmentation techniques have
been introduced also in the clinical practice, including fibrin
clots, PRP and cell therapies. The principal augmentation
strategies that reached the clinical practice are described in
the following paragraphs and summarized in Table 1.

Mechanical stimulation

Several preclinical and clinical studies showed that
mechanical stimulation in the vascular portion of the
meniscus has the capability of producing a healing response,
including hemorrhage, proliferation, differentiation and
remodeling (13,14). Vascular access channels, trephinations
and abrasions represent the main mechanical techniques
applied in patients with meniscal tears to promote meniscal
tissue healing. In detail, vascular access channels are
performed by removing a core of the tissue from the red
zone of the meniscus to the tear, thus providing blood
supply to the avascular part of meniscal tissue. Despite some
initial promising results, their clinical use has been limited
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Table 1 Summary of the augmentation procedures for meniscal repair
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Augmentation . . L ) - .
9 Surgical technique Preclinical evidence Clinical evidence

procedure

Mechanical Vascular access channels: a core of the tissue from  Few preclinical studies with Limited clinical application

stimulation the periphery of the meniscus (red zone) to the tear  limited results due to the negative effects on
is removed, thus creating a transverse tear the biomechanics and
connecting the peripheral vasculature with the function of meniscus
avascular portion (white zone)
Trephinations: multiple holes are made with a Few preclinical studies with Controversial clinical results in
spinal needle through the peripheral aspect of the promising results particular when the procedure
meniscus rim to make a series of bleeding is performed alone
puncture sites promoting bleeding
Abrasions: the meniscal surface and the synovium Promising preclinical results Promising preliminary clinical
adjacent to the meniscal tear are abraded findings but limited evidence

Synovial flap A pedunculated and vascularized synovial flap is Procedure extensively tested in Despite the promising
applied to cover the meniscal tear and then the animal model, with positive preclinical findings,
sutured results in terms of meniscal currently there is a lack of

healing improvement clinical reports
Fibrin clot A fibrin clot in applied in a stable tear within the Several preclinical studies Controversial clinical results

augmentation

avascular zone of the meniscus, providing both a

showing promising results

also conditioned by limitations

chemotactic and mitogenic stimulus to the
reparative process

PRP
augmentation

The platelet concentrate can be obtained as a
sticky gel to deliver into the repair meniscal site
before the suture procedure, and able to release
different growth factors

MSC

augmentation
muscle and synovium) and opportunely expanded
without losing their differentiation, are applied with
an intra-articular injection

Progenitor cells, such as MSCs, previously isolated
from various sources (bone marrow, adipose tissue

technique-related

Some animal studies have
confirmed the positive effects of
PRP augmentation in terms of
meniscal tissue regeneration

The evidences remain limited,
with still few studies and with
an overall low quality.

High heterogeneity in PRP
composition and preparation/
administration methods

Some studies on animal models
suggested the potential of MSCs
to promote meniscus healing,
with the regenerative effects of
intra-articular injections

Very few data on the
application of MSCs in
meniscal defects

PRP, platelet-rich plasma; MSCs, mesenchymal stem/stromal cells.

due to the negative effects caused on the biomechanics and
function of the meniscus (15).

To overcome these limits, trephination has been
introduced as a less invasive technique for small and stable
tears, with the main indication for lesions located in the
peripheral region near the joint capsule, where a good blood
supply is available (Figure I). It is performed arthroscopically
usually using a spinal needle, creating multiple perforations
through the outer area of the meniscus to obtain a series
of bleeding sites to enhance vascular ingrowth and healing
process. However, controversial clinical results have been
reported in the literature on trephinations. In fact, on
one side Fox er al. (13) reported satisfactory to excellent
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subjective results after 20 months of follow-up in 90% of
the patients affected by symptomatic incomplete meniscal
tears. Conversely, Forriol er al. (16) showed that isolated
trephination technique had a limited healing potential and
was effective only when combined with the application of
different biologically active products.

Other mechanical stimulation techniques involve
abrasion or rasping of the contiguous synovium and the
meniscal surface aiming at stimulating bleeding and the
release of growth factors in the repair region (Figure 2).
These technically simple methods have been supported
by several preclinical results and some preliminary clinical
evidence. In particular, Uchio et al. (17) retrospectively
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Figure 1 Meniscal trephination technique: a spinal needle
produces multiple holes through the outer aspect of the meniscus
lesion rim in order to obtain a series of bleeding sites to enhance

vascular ingrowth and healing process.

Figure 2 Meniscal abrasion technique: abrasion or rasping of the
meniscal surface aiming at stimulating bleeding and the release of

growth factors in the repair region.

assessed with a second-look arthroscopy 47 patients affected
by meniscal tears and treated with rasping and synovial
abrasion. The authors reported that 71% of menisci healed
completely, 21% incompletely, while only 8% did not show
evidence of healing. Still, abrasion and rasping seem to be
not very effective to repair lesions in the less vascularized

area of the meniscus (18).

Synovial flaps

The use of free or pedicled flaps for meniscal repair

© Annals of Joint. All rights reserved.

Annals of Joint, 2022

\\. 2 g

Figure 3 Meniscal repair with synovial flap technique: synovial
flap harvested from the parameniscal synovium and then sutured to

cover the meniscal lesion.

(Figure 3) was the first applied in the preclinical setting in
1986 (19) and then extensively tested in animal models.
Several studies showed promising preclinical results,
reporting healing with fibrovascular tissue in menisci
repaired with synovial flaps (20-22). However, the positive
preclinical findings translated in a scarce clinical evidence.
Kimura et al. (8) performed the only clinical study available
in the literature on the use of synovial flaps to augment
meniscal repair. The authors evaluated seven patients with
vertical medial meniscus tears in the avascularized area and
treated with a synovial flap from the parameniscal synovium
sutured as a coverage. At the second-look arthroscopy
evaluation, all patients presented healing of the meniscal
tear with a significant improvement of the healing rate
compared to conventional meniscal repair. The lack of more
recent clinical studies with stronger study design describing
the use of synovial flaps in meniscal repair limits their use in
the clinical practice.

Fibrin clot augmentation

Fibrin clot is a biological blood-derived product
containing platelets, fibrin, and a high amount of growth
factors, cytokines, and chemotactic factors. Thanks to its
content, the fibrin clot has the potential to stimulate cell
proliferation and local cell activity within the meniscus,
as well as to attract synovial cells to favor the meniscal
healing process (23,24). For these reasons, fibrin clot was
introduced in the early 1980s as an augmentation procedure
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Figure 4 Meniscal augmentation repair technique: PRP directly
administered in the lesion site at the time of meniscal suture. PRP,

platelet-rich plasma.

to improve meniscal repair, which might be considered the
first attempt to take advantage of the properties of the blood
components in the regenerative process. Fibrin glue, in situ
forming fibrin clots and exogenous fibrin clots have all been
used in preclinical studies, showing the potential ability to
stimulate and support a reparative response in the avascular
portion of the meniscus (23). Thus, fibrin clots have been
introduced in the clinical practice, with earlier experiences
reporting positive results and a lower failure rate in meniscal
repair augmented with this blood derivative compared
to meniscal suture alone (25,26). However, these results
considered meniscal repair augmentation associated to
simultaneous ACLR, thus conditioning the single effect of
fibrin clot augmentation. Most recently, two studies showed
doubtful benefits in terms of clinical results of isolated
meniscal repair augmented with fibrin clot, reporting
an overall success rate of 70% to 75%, in line with what
reported with meniscus repair without augmentation. In
particular, Kamimura and Kimura (27) treated ten patients
presenting degenerative horizontal tears with meniscal
repair augmented with fibrin clot. At a mean follow-up of
41 months, the authors reported a significant improvement
in all patients, although at the second-look arthroscopy
performed 6 months after treatment three patients showed
an incomplete healing of the meniscal lesion. Similarly,
Nakayama er al. (28) prospectively evaluated 24 patients
with symptomatic degenerative meniscal tears undergoing
meniscal repair augmented with fibrin clot. The authors
reported a significant clinical improvement at mid-term
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follow-up and a success rate of 75%, with six out of 24
meniscal repairs considered clinical failures.

In addition to these controversial results, the use of
fibrin clots showed different limitations: time consuming
technique, complex handling, lack of a standardized
procedures for its use during meniscal repair, and finally the
risk of infections related to the use of exogenous fibrin clots.
These drawbacks limited the use of fibrin clot augmentation
in the clinical practice.

PRP augmentation

In the last decades, PRP has been widely applied in
different orthopedic procedures such as tendinopathy (29),
muscle injuries (30) and cartilage repair (31,32), showing
promising clinical outcomes. It is gaining a large interest in
the clinical practice thanks to its safety, the low costs, and
the simple preparation technique to obtain its biologically
active content, including TGF-B1, PDGF, IGF-1, and
VEGE. All this make PRP a suitable option also to enhance
meniscal repair techniques, with a higher biological
potential compared to fibrin clot. In fact, the positive effects
of growth factors released by PRP on meniscal cells have
been proved by several preclinical studies. Among these,
Izal er al. (33) described an important role of IGF-1 and
TGF-B1 to favor meniscal cell proliferation and interaction.
Moreover, Xu et al. (34) evaluated the effect of VEGF on
menisci both iz vitro and in a rat model, demonstrating i
vitro an improved proliferation of meniscal cells and iz vivo
an increased vascularization of menisci.

The promising preclinical findings encouraged
physicians and researchers to evaluate the effect of PRP as
a biologic augmentation procedure for meniscal repair also
in the clinical practice (Figure 4), with comparative studies
investigating the benefits of this biological approach, all
published in the last 10 years. A recent systematic review
and meta-analysis (4) on five comparative clinical studies
investigated the safety and clinical outcomes after PRP
augmentation, comparing 175 patients undergoing isolated
meniscal repair with 111 augmented with PRP. In each
analyzed study patients presented different patterns of
meniscal tears located both in the medial or lateral menisci,
while only one study of Dai et al. (35) exclusively treated
discoid lateral meniscal tears. Furthermore, in four studies
meniscal repair was performed arthroscopically while only
Pujol et al. (36) performed a mini-arthrotomic meniscal
suture. The analysis showed a significantly reduced failure
rate in patients treated with PRP augmentation compared

Ann Joint 2022;7:25 | https://dx.doi.org/10.21037/a0j-21-14



Page 6 of 9

with the control group: 9.9% vs. 25.7%. In all studies, PRP
was directly delivered in situ at the time of meniscal repair
regardless of the different suture techniques used.

In the first published study, Pujol ez 4l. (36) evaluated
34 patients with horizontal meniscal lesions: 17 underwent
to a mini-arthrotomic meniscal suture and other 17 to
PRP-augmented meniscal repair procedure. The authors
reported higher clinical and MRI results in the PRP group
at 24 months of follow-up. In a retrospective study, Griffin
et al. (37) assessed 35 patients arthroscopically treated
with isolated meniscal repairs. Out of these, 15 patients
were augmented with PRP. No significant differences
were observed in terms of clinical results and number
of failures at 4 years of follow-up. In the only published
randomized controlled trial, Kaminski ez /. (38) compared
20 patients treated with all-inside meniscal repair and PRP
augmentation against 17 patients treated with meniscal
repair alone. At mid-term follow-up, the PRP group
reported a higher healing rate (85% wvs. 47% of the control
group), although no significant clinical differences were
found. Kemmochi et 4. (39) compared 22 patients treated
with meniscal suture with 17 patients treated with PRP
augmentation. At 6 months, a significant improvement in
clinical scores was reported in both groups. Dai er a/. (35)
performed a retrospective comparative study on 29 patients
with discoid lateral meniscal tears: 15 patients underwent
arthroscopic saucerization of discoid meniscus and meniscal
suture, while PRP augmentation was applied in 14 patients.
Both groups clinically improved at 2 years, with younger
patients resulting in better scores, while no significant
differences were found between the two groups in terms
of clinical outcomes and failures. Everhart er a/. (40)
assessed 550 patients in a cohort study: 241 meniscal repairs
combined with ACLR, 158 meniscal sutures augmented
with PRP combined with ACLR, 106 meniscal repairs alone
and 45 meniscal repairs with PRP augmentation. PRP did
not provide benefits in terms of meniscal survival at 3 years
of follow-up when combined with ACLR. Conversely, by
considering only patients without combined ACLR, PRP
led to a lower risk of failure.

Based on the current evidence, PRP augmentation
appears to enhance the meniscal repair procedure, reducing
the failure rate. However, the trials included in this review
did not provide enough information to allow sub-analyses
regarding important factors that could influence the
effect of PRP (e.g., the presence or absence of leukocytes,
integrity of platelets, type of preparation technique, use
of anticoagulant, and cryopreservation). Moreover, the

© Annals of Joint. All rights reserved.

Annals of Joint, 2022

evidence remains limited, and the available studies are still
few and with an overall low quality. Further studies should
investigate the PRP characteristics to obtain the best PRP
formulation and improve its specific application also in
meniscal repair procedure.

MSC augmentation

MSCs growing use in the clinical practice for several
orthopedic procedures, mainly represented by cell
concentrates, is reflected also by the increasing interest
on this biologic augmentation strategy to increase the low
healing potential of meniscus. This is due to their structural
contribution to tissue repair and even more to their
immunomodulatory and anti-inflammatory actions (41).
Several preclinical studies supported the use of MSCs in
meniscal repair procedures, favoring meniscal healing by
stimulating the production of a meniscal-like tissue with
abundant extracellular matrix (42-46). In detail, Izuta
et al. (43) and Dutton et 4/. (42) demonstrated that bone
marrow MSCs were able to survive and proliferate in the
avascular area of the meniscal tear, stimulating extracellular
matrix production and promoting meniscal healing.
Despite the promising preclinical evidence, a low number
of clinical studies involving a limited number of patients
are available in the literature. Three articles, including one
case report and two small case series, reported the results
of several types of MSCs to enhance the meniscal suture
in a total 11 patients. Whitehouse er al. (47) performed
a clinical evaluation of 5 patients with isolated meniscal
lesions and treated with expanded bone marrow derived
MSCs applied on a collagen scaffold placed into the
meniscal tear prior to repair procedure. At 12 months
of follow-up, the authors reported clinical improvement
in 3 patients, with stable results up to 24 months, while
the other 2 patients reported an incomplete healing
requiring meniscectomy at approximately 15 months after
implantation. Sekiya et a/. (48) evaluated 5 patients with
complex degenerative meniscal lesions and treated with
expanded autologous synovial MSCs. At 2 years of follow-
up, the authors reported a significant improvement in most
of the clinical scores in all patients, and no failures were
observed. Recently, “minimal manipulation” methods,
such as bone marrow aspirate concentrate (BMAC), have
been introduced in the clinical practice to exploit the
potential of MSCs directly on-site in a one-step treatment,
reducing the duration and costs of the cell approaches. In
this regard, James er al. (49) performed a case report on
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a 29-year-old man affected by a symptomatic radial tear
of the medial meniscus. This patient was treated with a
crisscross transtibial suture augmented with a combined
injection of autologous BMAC and PRP in the lesion site.
At 6 months after the procedure, a second-look arthroscopy
was performed showing complete meniscal healing. At
12 months of follow-up, patient reported positive clinical
results, without swelling or mechanical symptoms.

Thus, the available limited and low-level data on this
biological strategy make the MSC augmentation to meniscal
repair a promising but anecdotal topic, requiring further
study to confirm potential and limitations to support its
introduction in the clinical practice.

Conclusions

Menisci have a crucial role for knee homeostasis and its
preservation is now considered of paramount importance
to obtain satisfactory clinical results over time, above all
to avoid the onset of OA. In this light, several biologic
strategies have been proposed in recent decades to improve
results of meniscal repair procedures, particularly for the
avascular zone of the meniscus. This study analyzed the
current literature on augmentation to meniscal repair,
reporting preclinical and clinical evidence on available
techniques, ranging from mechanical stimulation to
autologous biological approaches, and describing limitations
and potential of these strategies. Among these, meniscal
repair augmentation procedures based on PRP are slowly
spreading in the clinical practice with promising results in
term of safety and efficacy. Despite these positive findings,
considering the low number of studies, their heterogeneity,
the lack of clear indications on the type of meniscal lesions
and on the most suitable PRP, further high-quality clinical
studies are needed to support and guide the use of biological
strategies for the augmentation of meniscus repair.
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