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Abstract

Background Meniscal repair should be the gold standard. However, the meniscus is poorly vascularized and even
an excellent meniscus repair may not heal. Therefore, numerous studies and systematic reviews have been car-

ried out on platelet-rich plasma (PRP), mesenchymal stem cells (MSCs) and fibrin clots for meniscal augmentation,
but the results remain controversial. This systematic review aimed to identify other emerging strategies for meniscal
repair augmentation and to assess whether there are different avenues to explore in this field.

Methods A systematic literature review was conducted in August 2022. PubMed, Ovid MEDLINE(R) all, Ovid All EBM
Reviews, Ovid Embase and ISI Web of Science databases were searched. In Vivo animal and human studies concern-
ing the biological augmentation of meniscal lesions by factors other than PRP, MSCs or fibrin clots were included.
Cartilage-only studies, previous systematic reviews and expert opinions were excluded. All data were analyzed by two
independent reviewers.

Results Of 8965 studies only nineteen studies covering 12 different factors met the inclusion criteria. Eight studies
investigated the use of growth factors for meniscal biologic augmentation, such as vascular endothelial growth factor
or bone morphogenic protein 7. Five studies reported on cell therapy and six studies focused on other factors such
as hyaluronic acid, simvastatin or atelocollagen. Most studies (n=18) were performed on animal models with gross
observation and histological evaluation as outcomes. Polymerase chain reaction and immunohistochemistry were
also common. Biomechanical testing was the object of only two studies.

Conclusions Although several augmentation strategies have been attempted, none has yielded conclusive results,
testifying to a lack of understanding with regard to meniscal healing. More research is needed to better understand
the pathways that regulate meniscus repair and how to act positively on them.

Level of evidence Systematic review of case—control and animal laboratory studies.
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meniscus surgery is "save the meniscus" and although
meniscectomy rates are decreasing, this procedure is still
widely performed [5, 6]. The benefits of meniscectomy
include not only excellent early post-operative outcomes,
but also being easy to perform, fast, and cheaper than
meniscal repair [7]. Unfortunately, this surgery leads to
early-onset osteoarthritis (OA), both radiologically and
clinically [8, 9]. Meniscal repairs are therefore increas-
ingly performed with success rates between 60% and
90% with the appropriate indications and depending on
the type of tear [10, 11]. However, some tears cannot be
sutured or are located in avascular areas, which is detri-
mental to their healing potential.

Moreover, even with a well-performed suture, the rate
of secondary meniscectomies remains high, ranging from
15% to 24%, indicating that the meniscal tissue did not
heal [10, 11]. Therefore, the scientific community turned
to biological augmentation techniques to improve heal-
ing rates [12]. Several meta-analyses focusing on platelet-
rich plasma (PRP), mesenchymal stem cells (MSCs), and
fibrin clots exist, as well as a few comparative studies
[13-15]. Unfortunately, the results do not support one
type of augmentation strategy over the two others in a
clear-cut fashion. The aim of this systematic review was
to move beyond these three typically studied factors and
identify emerging factors that should be the subject of
further study for the biological augmentation of meniscal
tears.

Methods

Search Strategy

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) were used to carry out a
systematic review of emerging factors (excluding PRP,
MSCs and fibrin clot) used in research for meniscal aug-
mentation. Searches of the PubMed, Ovid MEDLINE(R)
all, Ovid All EBM Reviews, Ovid Embase, and ISI Web
of Science databases were completed in August 2022 by
a librarian from our institution specializing in literature
searches. The basic keywords used were: (1) “meniscus”
or “meniscal” or “medial meniscus” or “lateral meniscus”
or “meniscus injury” or “meniscal tear”; (2) “repair” or
“surgery” or “augmentation” and (3) “biological augmen-
tation” or “growth factor” or “cell therapy”

Study selection and data extraction

The inclusion criteria for screening were: in vivo studies
on strategies that may optimize meniscal healing, inves-
tigating humans or animals, in English, and from 1980
onwards. The exclusion criteria were: studies using PRP,
MSCs or fibrin clots as meniscal repair augmentation
strategies, in vitro studies, cadaveric studies, previous
systematic review or meta-analyses, recommendations
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and guidelines, studies only on osteoarthritis, veteri-
nary studies, ophthalmology and maxillofacial studies
(meniscal tear is also a pathology in ophthalmology).
In each of these studies, the authors, title, study design,
animal or human, type of animal, number of specimens
studied, type of meniscal tears performed, form of factor
studied (liquid, solid or combined with a matrix), out-
comes, advantages and disadvantages of each factor were
extracted. Two independent researchers, one of whom
is an orthopedic surgeon and the second a medical stu-
dent, screened the studies. A senior author was available
to resolve any disagreements. The first step was to screen
the titles of the articles, the second step was to screen the
abstracts of the selected articles and the third step was to
complete a review of the full manuscript.

Results

A total of 23,200 citations were retrieved from the 5
databases. Duplicates were removed in EndNote by the
librarian, leaving 8965 records to screen, which were
imported into Covidence. After screening the titles and
the abstracts of the 8965 studies, only 95 were relevant
for the full-text screening, excluding 8842 studies. Most
of the studies were excluded because they were about
osteoarthritis in a general sense, focused on augmenta-
tion of cartilage repair instead of meniscus repair or on
meniscal transplantation, etc. Following the full-text
screening of the 95 remaining articles, a total of 19 stud-
ies were included for data extraction. These 76 articles
were excluded because of: wrong intervention (n=42),
wrong setting (n=22), wrong study design (n=8), wrong
outcomes (n=2), wrong language (n=1), and wrong
route of administration (n=1) (Fig. 1). Of the 19 studies
included, only one was on humans, leaving 18 performed
on animals. Publication years ranged from 1991 to 2020,
with 53% (10/19) published from 2010 onwards (Fig. 2).
The human study was a retrospective case—control level
IIT study, whereas all the animal models were basic sci-
ence studies. In the human study, 47 medial menisci from
47 participants were included [16]. In the animal studies,
there were 598 specimens including 44 sheep, 15 dogs,
415 rabbits, 56 rats, 16 pigs, 12 goats, 1 mouse and 39
pigs, for a total of 746 menisci. In the animal models, the
most common type of menisci studied was the medial
menisci (1=436), followed by uncategorized menisci
(n=189) and the lateral menisci (n=121).

The augmentation technique for meniscus repair stud-
ied in humans was atelocollagen. The augmentation tech-
niques tested on animals included three main categories:
growth factors, cell therapy and “others” With regard
to growth factors, vascular endothelial growth factor
(VEGF) was the subject of three studies, bone morpho-
genic protein 7 (BMP-7) of two studies, while connective
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tissue growth factor (CTGEF), fibroblast growth factor 2
(FGF-2) and angiogenin were the subject of one study
each. In terms of cell therapy, chondrocyte implanta-
tion was the most studied strategy, with three studies,
while stromal vascular fraction (SVF) and Glil+cell
therapy were the subject of one study each. In the cate-
gory "other”, we found three studies on the use of hyalu-
ronic acid, one on simvastatin and one on microRNA for
meniscal augmentation (Fig. 3).

In terms of outcomes, of the 18 animal studies, 94%
performed histological analysis after sacrifice, 78% gross
observation (macroscopic aspect), 39% immunohis-
tochemical (IHC) analysis and 22% polymerase chain
reaction (PCR). Only one animal study involved a mag-
netic resonance investigation [17]. The outcomes for the
human study were clinical (Lysholm score and Interna-
tional Knee Documentation Committee) and magnetic
resonance [16].

Discussion

This study brings to the forefront how difficult it is to
identify an emerging factor of interest for meniscal aug-
mentation. In fact, although many factors have been
studied, none have provided sufficient evidence to hope
for a sustainable clinical transposition. The heterogeneity
of study designs and study groups, as well as the diversity
of factors studied, make it impossible to compare them
effectively and to perform a meta-analysis. In our opin-
ion, this wide variety of factors studied reflects the signif-
icant knowledge gap that scientists are faced with when it
comes to meniscus tissue and its metabolism [18]. More
generally, the paucity of articles on emerging technolo-
gies reflects a lack of interest in factors other than PRP,
MSCs or fibrin clot. On the other hand, the number of
articles published over the years shows a growing interest
over the last decade, perhaps due to the absence of for-
mal proof of efficacy for the three factors most frequently
used in clinical trials [13].
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The following is a description and analysis of the vari-
ous studies found in this systematic review. They are clas-
sified according to the three categories described in the
results and according to the factor studied.

Growth factors

Vascular endothelial growth factor (VEGF)

VEGF induces angiogenesis through its ability to pro-
mote endothelial cell division [19]. There were three
studies on VEGF for meniscal repair augmentation. As
early as 1992, Hashimoto et al. carried out a study on 15
dogs.

They created 2 mm diameter circular defects in the
avascular zone and compared three groups (n=1) at dif-
ferent sacrifice times (1, 2, 6, 12, and 24 weeks). Defect
filling with fibrocartilaginous tissue was significantly
better, both macro- and histologically, when VEGF was
applied within fibrin sealant. However, this tissue trans-
formed into hyaline cartilage-like tissue by 12 weeks,
rather than meniscus-like tissue. Another use for VEGF
was to incorporate it into a suture coating [20]. Petersen
et al. compared three groups (n=6 sheep), all with lon-
gitudinal tears in avascular zones [21]. One group was
treated with Ethibond sutures, the second with poly(d,l-
lactide)-coated Ethibond (PDLLA coated suture) and the
third with VEGF incorporated into the PDLLA coating.
After sacrifice at 6 weeks, no scarring was observed mac-
roscopically or histologically in the VEGF group, whereas
scar tissue could be observed in the other two groups.
The latest VEGF study used the same suture-coated
methodology, on 18 sheep, but with a sacrifice at 8 weeks
[22]. In addition to macroscopic evaluation, immunohis-
tochemistry and PCR were performed, but unfortunately
failed to show any improvement in meniscal healing or
angiogenesis compared with control groups. Moreover,
they were able to demonstrate almost complete VEGF
clearance at 9 days. Although VEGF is theoretically a
very interesting growth factor for poorly vascularized

Categories Growth Factors Cell therapy Others
« Vascular Endothelial Growth Factor (3 studies) « Atellocollagen
| Connective Tissue Growth Factor ¢ Chondrocytes (3 studies) o Simvast t.i
Factors * Fibroblast Growth Factor 2  Stromal Vascular Fraction . HI \I/ars :i ! : id (3 studies)
* Bone Morphogenic Protein 7 (2 studies) * Glil+ cells 5 dzzt:eostfan:ed misc:JoRi;-ﬂO
* Angiogenin
Number of studies 8 5 6

Fig. 3 Distribution of factors by categories



Mazy et al. BMC Musculoskeletal Disorders (2024) 25:541

tissue, there is currently no evidence to suggest that it is
optimally suited to meniscal augmentation.

Connective tissue growth factor (CTGF)

CTGF is a growth factor that promotes fibroblast adhe-
sion, migration and survival, as well as chondrocyte
proliferation and differentiation [23]. CTGF also has
a role, in vitro, in neoangiogenesis [24]. Theoretically,
these properties make it interesting for meniscus repair
augmentation. He et al. carried out an in vivo study on
rabbits [24, 25], performing longitudinal tears in a red-
white zone (between vascular and avascular zones). They
then compared three groups (n=5): simple sutures,
sutures with fibrin glue and sutures with CTGF incor-
porated in fibrin glue. Sacrifices were performed at 1, 4
and 10 weeks. The PCR analysis found that the CTGF-
treated group showed greater expression of type 1 and
type 2 collagen, as well as greater VEGF expression at 4
and 10 weeks post-operatively, compared with the con-
trol groups. Fluorescence-immunohistochemical imag-
ing confirmed these findings. These results make CTGF
a factor of interest, despite the need for more extensive
studies, particularly in avascular areas, but also about the
biomechanical properties of the scar tissue.

Fibroblast growth factor (FGF-2)

FGF-2 is known to promote fibroblast proliferation and
angiogenesis [26]. Narita et al. studied this factor for the
augmentation of horizontal tears in rabbit menisci [26].
Partial horizontal tears starting from the menisco-cap-
sular junction, and thus crossing the red-red zone, were
produced. When FGF-2 was combined with a gelatine
hydrogel matrix (secured by a suture), it appeared to
produce a better histological healing score and inhibited
the death of meniscal cells for up to 4 weeks compared
to control groups. Although very interesting, the type
and zone where the tear was performed, as well as the
absence of biomechanical tests mean that further studies
on this factor are required.

Bone morphogenic protein 7 (BMP-7)

BMP-7 is a growth factor already used in orthopedics
for its osteogenic and embryogenic cascade induction
capabilities in the treatment of recalcitrant long bone
nonunion [27]. Two articles studied BMP-7 for menis-
cal augmentation in an in vivo animal setting. In Forriol
et al., 4 mm punch holes were made in the medial menisci
(n=16) of 8 sheep [28]. The study group was treated with
BMP-7 in a matrix of bovine collagen and the control
group with this same matrix alone. In the study group,
the presence of cells with fibrous tissue composed mainly
of type 2 collagen was much greater than in the control

Page 5 of 10

group on histological sections. In addition, BMP-7 clear-
ance was estimated at between 1 and 8 days.

In Zellner et al. 2 mm punch holes were made in the
menisci of 12 white rabbits. These were divided into a
study group, treated with an injection of BMP-7, and a
control group without injection [29]. The experimen-
tal treatment consisted of BMP-7 injected into a cell-
free hyaluronan collagen composite matrix. They were
unable to demonstrate any advantage of using BMP-7
either macroscopically, histologically or immunohisto-
chemically. Although BMP-7 has interesting properties,
its ability to develop a matrix composed of collagen type
2 makes it an unlikely candidate to repair the human
meniscus which essentially consists of collagen type 1.
Moreover, its rapid clearance means that it needs to be
combined with a matrix to slow down its release.

Angiogenin

Back in 1991, King et al. considered inducing neovascu-
larization to promote healing of the avascular zone of the
meniscus [30, 31]. To achieve this, they implanted dry
cellulose discs containing angiogenin into pockets cre-
ated in longitudinal tears on rabbit external menisci. The
treated group showed better local neovascularization,
but not better healing of the meniscus tissue itself. Angi-
ogenin, although different from VEGE, is also considered
a growth factor and a strong stimulator of angiogenesis
[32]. Despite its potential, this animal study failed to rec-
ommend angiogenin as a meniscal augmentation factor.

Cell therapy

Chondrocytes

Three articles described the use of chondrocytes (auto
or allogenic) to enhance meniscal repair [32-35]. Per-
etti et al. carried out a study on 16 pigs with a longi-
tudinal tear in the avascular portion of the left medial
meniscus [32, 33]. Four different groups (n=4) were
set up: an untreated group, a sutured group, a group
treated with a simple scaffold and a group treated with
a scaffold seeded with autologous chondrocytes. The
scaffold was a slice of allogenic meniscus secured to the
lesion by 2 sutures. Pigs were sacrificed at 9 weeks and
outcomes included gross observation and histology.
The internal avascular third of the meniscus, or W-W
zone, showed no increased vascularization. However,
meniscal healing was macroscopically and histologi-
cally greater in the cell therapy group. Weinand et al.
conducted two studies on the use of chondrocytes for
meniscal augmentation in pigs [33, 34]. The chondro-
cytes had two origins: allogenic, from articular, auricu-
lar and costal cartilage, or autologous and derived from
the same areas. For delivery, chondrocytes were seeded
in a Vicryl mesh scaffold. Sacrifice was at 12 weeks, and
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macroscopic and histological analyses were performed.
The results favored the chondrocyte-treated groups but
showed no difference between allogenic and autogenic
strategies. Although interesting, autologous chondro-
cyte transplantation has some drawbacks, namely the
need for two procedures and donor site comorbidity
[35]. In addition, the scar tissue composition is more
cartilage-like than meniscus-like and could be better
characterized by PCR.

Stromal vascular fraction (SVF)

The SVF is derived from adipose tissue and contains
a heterogeneous cell population including 10% MSCs
[36, 37]. As it is not exclusively composed of MSC,
we included it in this review. SVF enhances the chon-
drogenic capacity of chondrocytes in vitro and in
mice [38]. Knowing this, Rothrauff et al. set out to use
autologous SVF to augment radial tears in goats [16].
They harvested adipose tissue from the infra-patellar
fat pad, prepared it to isolate SVF and then implanted
it in a gelatin hydrogel. Three groups (n=4 per group)
of goats (1 untreated group, 1 sutured group and 1
sutured-SVF augmented group) were compared macro-
scopically, with magnetic resonance, and histologically
6 months after surgery. Radial tears were found to be
highly arthrogenic in all cases, even when sutured. The
SVF-augmented group showed more tissue formation
at the level of the tear, although osteochondral degen-
eration was still present. This technique of harvesting
fat from the infra-patellar fat pad reduces the morbid-
ity of a distant donor site and enables a one-stage pro-
cedure, unlike autologous MSC implantation, which
generally requires a two-stage surgery [39]. In addi-
tion, the numerous manipulations involved in prepar-
ing SVF increase the risk of infection, and the time
between collection and reimplantation can take up to
2 h [16]. Although interesting, this technique needs to
be detailed and perfected in further studies.

Gli1 + cells

Glil is recognized as a marker for bone marrow and
periosteal mesenchymal progenitors [40]. In addition,
meniscal injury leads to rapid division of Glil-producing
cells (Glil+cells) to stimulate cell migration towards
the tear, although meniscal healing is not very effective
[41]. Wei et al. therefore proposed the idea of injecting
Glil + meniscal cells into a mouse after meniscal injury
[41]. The concept seems interesting in vitro and focuses
more specifically on meniscus-cell progenitors. However,
the lack of information on in vivo testing prevents us
from commenting on this cell therapy strategy.
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Others

Atelocollagen

The study involving atelocollagen, a collagen deriva-
tive, for augmentation of medial meniscus root repair, is
a retrospective case—control study of 47 patients, 25 of
whom received this compound [15]. Here, atelocollagen
was combined with fibrin glue and applied in addition to
a transosseous tunnel root repair. Magnetic resonance
imaging at 1-year post-op showed a lower intramenis-
cal signal intensity in the atelocollagen group, suggesting
better healing. However, no difference in terms of menis-
cal extrusion or clinical score could be demonstrated,
while increasing the cost for the patient. It is therefore
not currently recommended to use atelocollagen to aug-
ment meniscal root repairs.

Simvastatin

Simvastatin is generally used to treat hyperlipidemia and
prevent cardiovascular disease, but it also has other bio-
logical effects, notably on chondrocytes [42, 43]. In this
context, Zhang et al. used it to stimulate the healing of
cylindrical meniscus defects in avascular zones in rabbits
[44]. In the study group, simvastatin was combined with
a gelatin hydrogel for better local effect and release. As
early as 8 weeks post-operatively, macroscopic and histo-
logical observations showed better healing in the treated
group. Immunohistochemical evaluation showed that
meniscal tissue in the treated group was highly positive
for collagen types 1 and 2, compared with the control
group. This study also had the advantage of evaluating the
repair biomechanically at 12 weeks. The treated group
showed stiffer tissue than the control group, although it
was less resistant than healthy meniscus tissue. Simvas-
tatin therefore is a factor of interest, as it increases local
production of type 1 and 2 collagens. However, the cir-
cular defects do not reflect clinical reality, and the effect
of the hydrogel alone was not evaluated in this study.
Possible systemic side effects would also need to be
determined.

Hyaluronic acid (HA)

Hyaluronic acid is usually used in the conservative treat-
ment of osteoarthritis [37, 45]. In this systematic review,
three articles studied hyaluronic acid as a meniscal aug-
mentation agent in animal models. In Ishima et al. 20 rab-
bits underwent a longitudinal tear in a red-red zone left
without suture treatment [46]. The study group (n=10)
was treated with HA injection once a week for 5 weeks,
while the control group (n=10) received saline. Rab-
bits were sacrificed at 6 and 12 weeks. HA had no ben-
eficial effect on these longitudinal tears in the peripheral
zone. In Sonoda et al. 35 white rabbits were also treated
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with HA injections once a week during 5 weeks (study
group) or with saline injections (control group) [47]. Both
groups also received Ethilon sutures. Once again, no
macroscopic or histological differences were reported for
tears in either the peripheral or avascular zones. Further-
more, a biomechanical study of pull-out strength showed
no difference between the two groups. Suzuki et al. made
cylindric defects with a needle (0.78 mm diameter) on the
anterior horn of the lateral meniscus of rabbits (n=24)
[48]. They were treated with HA once a week or saline
injections. Animals were sacrificed at 1 and 6 weeks post-
operatively. At 6 weeks, the HA group showed better fill-
ing of the meniscus tear with chondrocyte-like scar tissue
than the control group.

HA presents conflicting results. We hypothesize that
its lubricating and anti-inflammatory effect may tempo-
rarily improve the post-traumatic inflammation of the
operated knees in these studies [49]. However, the lack of
evidence of any real effect and the rapid clearance of HA
(not associated with a matrix) requires weekly injections,
which seems unrealistic in clinical terms.

Double-stranded microRNA-210 (ds miRNA-210)

Ds miRNA is an RNA segment of approximately 22
nucleotides that plays an important role in gene regula-
tion in many systems [50]. In response to hypoxia, miR-
210 is a key player in angiogenesis [51]. It also appears
to stimulate capillary formation and the migration of
VEGEF-producing cells [52]. For these characteristics,
Kawanishi et al. wanted to test an intra-articular injec-
tion of ds miRNA-210 to augment longitudinal menis-
cal tears in avascular zones in rats [53]. At 12 weeks
post-injection, the tear was filled with scar tissue in the
treated group, and collagen type 2 expression was pre-
dominantly observed. Although interesting, the scar tis-
sue formed does not have the same composition as native
tissue, and the mechanism of action of this factor is not
clearly understood. In addition, mi-RNA210 appears to
be involved in cancer pathogenesis and is therefore not
currently a factor of interest for meniscal augmentation
(54, 55].

The decellularized extracellular matrix (dECM) is
also the subject of numerous studies [56]. Indeed, it
can support a hydrogel containing augmentation fac-
tors such as growth factors [57]. dECM can be pro-
duced from allogeneic or xenogeneic menisci [36]. It
also has the advantage of having good histocompat-
ibility and constructing a favorable differentiation
microenvironment for surrounding cells [56]. Further-
more, its biomechanical properties are similar to native
meniscal tissue. This type of matrix is already tested
to repair cartilage with favorable results [58]. It is cru-
cial to continue exploring this highly promising route
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of administration and support, which could potentially
serve as the delivery platform for future optimized aug-
mentation factors.

As previously mentioned, one of the biggest challenges
in meniscal healing is the lack of vascularisation in the
inner third of the meniscus, also called the white-white
zone [59]. Augmentation strategies are there to facilitate
meniscal healing and reduce the rate of revision surgery
for suture failure. It is important to understand that late
suture failure occurs because the tissue has not healed
and the suture has failed due to fatigue [60].

Certainly, there are other factors besides biological
augmentation that can influence the outcomes of menis-
cal repairs. Studies have shown that certain tear mor-
phologies have lower success rates; for instance, radial
lesions, due to their configuration, tend to reopen under
axial load during walking [61]. Conversely, longitudinal
vertical tears tend to be compressed under these same
conditions, with suture success rates ranging between
72 and 94% [9, 62]. Additionally, surgical skills and opti-
mal repair techniques also play a significant role. Indeed,
certain tears require specific skills and expertise, such
as transosseous suturing for root tears or special suture
techniques for radial tears [63, 64]. Opting for menis-
cectomy may sometimes be simpler from a techni-
cal standpoint, which may explain why this approach is
unfortunately preferred in some cases [5].

With this systematic review, we wanted to look fur-
ther than the three classic augmentation strategies (PRP,
MSCs and fibrin clot) to broaden our horizons and iden-
tify an emerging factor of interest. We believe that it
can be helpful to take a step back from a problem and a
number of interesting factors were identified, but none
of them really stood out. The heterogeneity of factors,
designs, study groups and the lack of biomechanical
studies are among the reasons for this observation. The
authors also believe that there are too many unknowns
when it comes to meniscus metabolism, leading to treat-
ment targets that are not always appropriate. For exam-
ple, chondrocyte implantation will tend to produce
cartilage-like tissue which is more rigid than meniscus-
like tissue [19, 34, 53]. The treatment aim is to obtain
scar tissue similar to healthy meniscus tissue. Also, 68%
of these studies decided to incorporate the factor into a
matrix. Among these, fibrin and gelatin hydrogel matri-
ces were the most common [16, 19, 44]. This reflects
awareness of rapid intra-articular clearance and the need
to associate the factor with a matrix to control release
kinetics over time [65]. Moreover, apart from the study
by Weinand et al., no follow-up studies were carried out
after publication, which may also reflect the difficulties
these research teams faced when setting up this type of
study [33].
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Despite numerous advances and research on the sub-
ject, major challenges remain when it comes to biological
augmentation for meniscus repair. One such challenge
involves the release of augmentation factors, which
should be regular and lasting several weeks, given the
long time required for meniscal tissue healing [66, 67].
It is also crucial for the augmentation strategy to target
the meniscal tear only and avoid adjacent hypertrophy or
systemic effects caused by vascular diffusion. Moreover,
almost all meniscal surgical interventions are performed
arthroscopically, in a saline environment, which can also
lead to intra-articular diffusion of the factor and decrease
its local effectiveness [63]. Ideally, the augmentation
factor should be cheap and stable for easy preserva-
tion and storage. Unfortunately, meniscal augmentation
poses numerous challenges that can be complex to man-
age simultaneously, but it is what make this research
topic so intriguing and important. Meniscal augmen-
tation remains a key research avenue for the repair of
this poorly understood and vascularized tissue [68, 69],
letting us hope for better success rates and clinical out-
comes after meniscal repair [70].

Conclusions

Different factors for the biological augmentation of
meniscal repair have emerged, especially over the last
ten years. This systematic review describes the challenges
that come when trying to determine an optimal factor,
although augmentation appears to be a promising strat-
egy to improve meniscus repair outcomes. More research
is needed to better understand the pathways that regu-
late meniscal healing and thus act in a more targeted and
effective way.
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