
what is already known:
•   The reported incidence of meniscal tears is approximately 61 

per 100,000. In the United States, roughly 850,000 meniscal 
procedures are performed each year. 

•   Treatment options for meniscal injuries range from nonsurgi-
cal interventions such as physical therapy to surgical inter-
ventions including meniscus repair, meniscectomy, meniscal 
allograft transplantation (MAT) or more recently the use of 
meniscal scaffolds.

what are the new findings:
•   The results suggest a high level of variability in failure and 

reoperation rates among cohorts, highlighting a degree of bias 
that may be partially accounted for by surgical technique, type 
of device or transplant used, mean age of patients, follow-up 
time and number of patients included in the study. 

•   Failure rates following meniscal scaffold placement were 
within range of the studies assessing MAT–suggesting similar 
functional and clinical benefits. 

•   The lack of independent studies evaluating the outcomes of 
meniscal scaffolds makes it difficult to assess long-term out-
comes, and studies to date may contain various biases includ-
ing conflict of interest.

introduction

The menisci are fibrocartilaginous tissues surrounding the tibial 
plateau inside the knee joint. Menisci are responsible for absorb-
ing 50%–70% of the load across their respective compartments 
and for increasing the tibiofemoral contact area two to three-
fold1,2). Meniscal tissue also serves to lubricate the knee joint, and 
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contributes to proprioception2-5).
Meniscus tears are common injuries either resulting from acute 

knee injury or from long-standing degenerative processes6,7). 
Treatment options for meniscal injuries range from nonsurgical 
interventions such as physical therapy, to surgical interventions 
including meniscus repair, meniscectomy, MAT or more recently 
the use of meniscal scaffolds8). In instances where preservation is 
no longer a viable option, meniscal transplantation and implants 
or scaffolds may be considered to restore knee biomechanics, 
distribute the load across a larger contact area compared to total 
meniscectomy, and potentially delay the onset of osteoarthritis 
(OA)9).

The first MAT procedure was performed in 198410). Ideal candi-
dates for MAT are young to middle-aged patients presenting with 
moderate to severe pain post-meniscectomy11). There are several 
types of allografts available when performing an MAT, including 
fresh-frozen meniscal allografts with or without bone plugs, non-
irradiated or irradiated12,13). Despite its efficacy, a recent study 
has encouraged the exploration of new preservation techniques 
aimed at decreasing the apoptosis-mediated cell loss that occurs 
in cryopreservation14). Furthermore, allograft size matching has 
been shown to be an important factor in functional outcomes 
and in preventing extrusion of the allograft15). Surgical techniques 
include open versus minimally invasive arthroscopy, single tibial 
tunnel arthroscopy, keyhole, onlay, and bone plugs versus no 
bone plugs16-29). 

Unlike meniscal allograft transplantation, meniscal scaffolds 
can be performed in patients with partially resected menisci. 
Currently, there are two commercially available scaffolds; Col-
lagen Meniscal Implant (CMI, Ivy Sports Medicine, Grafelfing, 
Germany) and polymer scaffold (Actifit, Orteq Bioengineering, 
London, UK). CMI is composed of type I collagen of the Achil-
les tendon. It was developed in the 1990s and marketed as trade 
name MenaFlex (ReGen Biologics, Hackensack, NJ, USA). It is 
designed for patients who have lost more than 50% of the me-
niscus but not all; therefore, it requires an outer rim and attach-
ment to the anterior or posterior horn of the meniscus30). CMI is 
only currently available in Europe due to political and regulatory 
process approval controversies. Actifit is composed of porous 
and acellular polyurethane segments. Produced in the 2000s, this 
scaffold aims to provide a template for tissue in-growth rather 
than a mechanical support. It degrades after a period of 5 years 
with the mechanical breakdown of urethane segments and mac-
rophage phagocytosis31). Integration of the implant was shown at 
second look arthroscopy after 12 months, and immature menis-
cus-like characteristics were apparent in histologic examination, 

with predominantly type-I collagen present32).
The goal of this review was to answer the question: which 

of the meniscal treatment strategies promises more success in 
the meniscal treatment algorithm; meniscal transplantation or 
meniscal scaffolds? In this review, we explore common tech-
niques, types of allografts or scaffolds used, and clinical outcomes 
such as failure and reoperation rates for MAT and meniscal scaf-
folds.

Methods

A systematic review was conducted according to Preferred Re-
porting Items for Systematic reviews and Meta-Analyses (PRIS-
MA) guidelines using a PRISMA checklist33). Two reviewers (SD 
and MK) independently conducted the search using the MED-
LINE/PubMed and Excerpta Medica/EMBASE databases. These 
databases were queried with the terms ‘meniscal OR meniscus 
AND allograft AND transplant’. Search criteria for inclusion in 
the meniscal transplantation group included studies in English, 
published since 1984 (the date of the first meniscal allograft 
transplantation) until January 15, 2016 in human subjects. A total 
of 293 eligible results were found and subsequently assessed for 
studies including patients undergoing MAT, with documented 
complication, technique used, graft type, failure or reoperation 
rates. Failure was defined as poor postoperative knee function 
determined by moderate or severe pain with score systems such 
as Hospital Special Surgery. Exclusion criteria for the meniscal 
transplantation group included non-English studies, and stud-
ies exploring MAT in the context of other comorbidities such as 
failed tibial plateau fractures or replacement. 

For the meniscal scaffold group, both databases were queried 
with the terms ‘meniscal scaffold OR meniscus scaffold OR col-
lagen meniscal implant’. A total of 220 eligible results were found 
and subsequently assessed for studies including documented 
complication, failure or reoperation rates. Failure was defined as 
poor knee function with severe persistent pain in selected stud-
ies. Search criteria for inclusion in the meniscal scaffold group 
included human subjects undergoing meniscal scaffold opera-
tion, studies in English, published since 2000 until January 15, 
2016, with full text available, in human subjects. Studies assessing 
outcomes following transplant or scaffolding revisions were ex-
cluded from our analysis. A summary flowchart of our literature 
search can be found in Fig. 1. The quality of the evidence was 
classified using the US Preventive Services Task Force system for 
ranking levels of evidence. 
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results

1. Meniscal allograft transplantation 
Studies were evaluated for techniques used, type of transplant, 

number of patients, patients’ lost to follow-up, failure of meniscal 
allografts and reoperation rates. A summary of the review find-
ings is included in Table 1. 

The main type of meniscal allograft used was fresh-frozen cryo-
preserved allografts. Techniques varied, including double bone 
plug, minimally invasive arthroscopy, onlay, sutures only, bony 
fixation, open surgery and anchoring of horns with or without 
tunnels15-24,34). 

1) Complication or failure rates
Failure rates varied from 0% to 33.3% with patients undergoing 

fresh-frozen allograft transplantation with fixation through bone 
tunnels in the setting of patients with International Cartilage 
Repair Society (ICRS) chondral grade 3b involving >1 cm2 or 
worse presenting with the worst outcomes22,25). High rates of al-
lograft survival were reported in several studies with Rue et al.25) 
reporting an overall failure rate of MAT in only 6.5% patients, 
indicating a 93.5% MAT survival rate at a mean follow-up of 37.2 
months and McCormick et al.16) reporting a 95% allograft sur-
vival rate at a mean of 5 years. Two of thirty-two patients experi-
enced graft failure requiring subsequent reoperation in patients 
with MAT without bone plugs and a 3-year minimum follow-
up; thus, exhibiting a 93.75% graft success rate at a mean follow-
up of 40.4 months. Additionally, similar outcomes were reported 
with an 89% allograft success rate at a mean follow-up of 24.9 
months28). 

Despite several studies reporting low failure rates, several re-
vealed high rates of complications (as high as 30%–46%) includ-
ing tears requiring repair, allograft removal, as well as infections 
requiring antibiotic treatment and lavage16,18,19,21,22). 

Despite the success of allograft survival, high rates of reopera-
tion and failure were observed in a 15-year follow-up study of 
MAT with or without osteotomy; twenty-four of the eighty-six 
patients experienced MAT failure, and a total of 45.3% patients 
either required reoperation for meniscal debridement or due to 
MAT failure18). McCormick et al.16) reported 55 of 172 patients 
(32%) underwent reoperation with simple surgical debridement 
being the most common (59% of patients undergoing reopera-
tion)24). In this selection of studies, the mean age of patients in-
cluded in the MAT group was 32.1 years, average failure rate was 
18.7%, and average reoperation rate was 31.3% (among studies in 
which reoperation rates were included). 

2) Overall results and effects on OA
According to Kellgren-Lawrence classification, 58% of patients 

reported no increase in OA, while 42% noted a slight to moder-
ate increase in OA with a minimum follow-up between 5 and 15 
years35). Longitudinal survival analysis in one study concluded 
that approximately 70% of patients at ten years exhibited a ben-
eficial effect27). 

2. Meniscal Scaffolds
Studies were evaluated for techniques used, type of transplant, 

number of patients, patients’ loss to follow-up, failure of meniscal 
scaffold and reoperation rates. A summary of the review findings 
is included in Table 236-42). 

1) Failure rates
No cases of scaffold separation or meniscal degeneration were 

recorded in one study, with 50% of patients being able to return 
to their sporting activities at the time of the two- year follow-
up36). A failure rate of 17.3% was reported in a study assessing 
polyurethane scaffolds37). Complications related to 24 meniscal 
implants in a two-year follow-up study had only 1 patient under-
going a subsequent arthroscopic debridement 6 months after lat-
eral collagen meniscus implantation for knee pain and swelling37). 
Only 1 of 62 patients (1.6%) experienced implant failure, with 2 
additional patients of the 62 underwent a subsequent operation 
for chronic synovitis and infection39). Most studies only reported 
failure rates without reporting reoperation rates separately. How-
ever, studies in which reoperation rates were reported separately 
indicate that the reoperation rates ranged from 4.2% to 9.5%. 

Meniscal transplantation group Meniscal scaffold group

293 articles identified in
PubMed and EMBASE

15 articles with patient cohorts
with documented complications

and techniques

213 articles excluded because
they were responses to the

editors, letters, case reports,
reviews, or less than 10 patient

cohort studies

220 articles identified in
PubMed and EMBASE

274 articles excluded because
they were responses to the

editors, letters, case reports,
reviews, or less than 10 patient

cohort studies

7 articles with patient cohorts
with documented complications

and techniques

Fig. 1. Summary of the literature search for the meniscal transplantation 
and scaffold groups.
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Among the largest study reporting reoperation rates, only 9.5% of 
patients receiving collagen meniscal implants were subsequently 
reoperated on, with only 1 reported failure of implant in 75 pa-
tients with a mean follow-up of 64 months41). 

2) Overall results 
Among the studies included in the meniscal scaffold group, the 

mean age of patients was 35.7 years (excluding the study in which 
mean age was not included), average failure rate was 5.6%, and 
average reoperation rate was 6.9% (among studies in which reop-
eration rates were included). 

discussion

MAT has been shown to provide improved clinical outcomes 
as well as delay the onset of OA in patients undergoing menis-
cectomy. Failure rates varied from 0% to 33.3% in the studies 
evaluated17,21). Recent evaluation of MAT has indicated limited 
functional outcomes in patients returning to high-level physical 
activities. Its indication for the treatment of highly active asymp-
tomatic meniscectomized patients such as athletes is less suitable. 
However, Noyes et al.34) reported 76% of patients in their study 
returned to light low-impact sports (such as bicycling and swim-
ming) without problems. Recently, Noyes et al.34) also reported 
63% survival of meniscal transplants in the same patient popu-
lation. The latter study reveals that a decreased survival rate of 
40% was observed at 15 years and the patients should be aware 
that a possible additional surgery can be needed at the end of this 
medium term. MAT failure due to extrusion appears to be cor-
related with the degree of articular cartilage wear, and patients 
with ICRS grades 3 and 4 experience up to 4.6-fold and 6.9-fold 
greater chance of extrusion, respectively43). Likewise, van Arkel 
et al.44) indicated a 13% MAT failure rate, citing the failure was 
primarily due to malalignment resulting in impaired revascular-
ization of the graft29). Although extrusions are seen as a potential 
complication of MAT, the correlation with various clinical, radio-
logic, or arthroscopic outcomes is not entirely clear and further 
research must aim at clarifying its significance in evaluating clini-
cal outcomes45). That was the reason we excluded any studies that 
counted extrusion as a failure criteria.

Surgical technique also requires a total meniscectomy, and in-
herently, in the setting of partial meniscal resection, it is contrain-
dicated. Postoperative magnetic resonance imaging (MRI) find-
ings also do not correlate with second-look arthroscopy findings, 
making postoperative assessment more difficult46). Nonetheless, 
many studies with symptomatic meniscectomy patients indicate 
clinical improvement in pain and daily life scores although the Ta
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average shrinkage in the size of the meniscus as shown on MRI 
is a concern47). MAT was implicated as a good salvage therapy for 
the treatment of degenerative arthritis in post-meniscectomized 
knees26). Evidence further suggests that immediate MAT versus 
delayed MAT (mean, 35 months; range, 9 to 92 months) is asso-
ciated with less joint degeneration and muscle strength deficits48).

There are few independent studies regarding the use of scaf-
folds. Most of the studies belong to the surgeons who have been 
involved in the development and design of the scaffolds them-
selves. It is also not well documented whether these meniscus-
like scaffolds can transmit the load enough to prevent chondral 
wear. The main types of meniscal scaffold used were Actifit poly-
urethane meniscal scaffolds or CMI36,39-41,43,49). A phase II feasibil-
ity study in eight patients showed new fibrocartilage matrix for-
mation on biopsy tissue and integration into the scaffold was seen 
on second-look arthroscopy30). Another clinical study showed 
that the scaffold is bio-resorbable with majority of the scaffold 
resorbed after 18 months45). These studies are encouraging, but 
small control groups and short follow-up times call for additional 
research. Yet, pain relief and improved knee scores have been 
shown to be short-term advantages of meniscal scaffolds50). More 
evidence is needed to detail the benefits that scaffolds could have 
over MAT, specifically in preventing chondral wear. With the 
advent of three-dimensional (3D) printing in recent years, new 
3D imaging techniques make the future of meniscal scaffold 
design promising. In recent years, 3D printers and 3D imaging 
techniques have become more popular, and as such, personal 3D 
meniscal scaffolds are starting to be designed46). 

This study has inherent limitations including variability in 
follow-up time, which could skew the failure and reoperation 
rates, specifically in the studies where only short follow-up times 
were available. Moreover, several studies were excluded that 
focused on meniscal repairs in the setting of other concomitant 
procedures or revisions; all of which have beneficial insight into 
the treatment of meniscal injuries, yet were excluded in our as-
sessment of the literature. Despite its limitations, this study pro-
vides a comprehensive overview of numerous level I–IV studies 
assessing complication rates, reoperation rates, techniques used, 
and number of failures following meniscal transplantation and 
scaffold procedures. The results of this study suggest that sur-
geons are performing MAT and meniscal scaffold placement in 
younger patients (mean age of 34.6 and 35.7, respectively). 

The lack of independent studies evaluating the outcomes of 
meniscal scaffolds makes it difficult to assess long-term out-
comes, and some studies to date may indicate bias. Additional 
prospective studies with larger control groups and more stan-

dardized assessments of complications will be beneficial to im-
proving long-term outcomes in young to middle-aged patients 
presenting with moderate to severe pain post-meniscectomy. 

It appears that although MAT is associated with high reopera-
tion and failure rates, the limited number of studies evaluating 
MAT and scaffolds makes it difficult to make an objective com-
parison. 
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