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Abstract
Purpose To provide a systematic review of the literature
regarding five topics in meniscal allograft transplantation (MAT): optimal timing for transplantation, outcomes,
return to competition, associated procedures, and prevention of osteoarthritis.
Methods A systematic literature search was conducted
using the PubMed (MEDLINE), ScienceDirect, and
EBSCO-CINAHL databases. Articles were classified only
in one topic, but information contained could be reported
into other topics. Information was classified according to
type of study (animal, in vitro human, and in vivo human)
and level of evidence (for in vivo human studies). Specific
inclusion criteria were determined for the outcomes and
prevention of osteoarthritis topics.
Results Twenty-four studies were finally included: two
optimal timing, seven outcomes, three return to competitive
sport, 16 MAT and associated procedures, and 5 MAT and
prevention of osteoarthritis (some studies were categorized
in more than one topic). These studies corresponded to 2
animal studies and 31 in vivo human studies (1 level II, 1
level III, and 29 level IV).

Conclusions The principal conclusions were as follows:
(a) there is no evidence to support that MAT has to be
performed at the same time or immediately after meniscectomy to prevent development of postmeniscectomy
syndrome; (b) MAT successfully improves symptoms,
function, and quality of life at 7-to-14 years of follow-up
(level IV evidence); (c) the overall failure rate (need for
knee arthroplasty) is 10–29 % at long-term follow-up;
(d) MAT allows return to same level of competition in
75–85 % of patients at short- to mid-term follow-up (only
three studies level IV evidence with small sample size); (e)
associated cartilage procedures or anterior cruciate ligament reconstruction to MAT does not worsen the results;
(f) MAT may prevent progression of cartilage damaged at
long-term follow-up, but may not prevent degeneration in
previously healthy cartilage.
Level of evidence Systematic review of level II–IV studies, Level IV.
Keywords Meniscal allograft transplantation · Timing ·
Outcomes · Return to competition · Associated procedures ·
Osteoarthritis
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Meniscal injuries are very common injuries in the world
[38]. Many meniscal tears cannot be repaired, and partial or total meniscectomy is the only management option
to improve the patient’s symptoms. However, the loss of
meniscal tissue has been associated with early onset knee
osteoarthritis due to a decrease in tibiofemoral contact area
and an increase in joint contact pressures, especially among
active people [10, 17, 44]. Meniscal allograft transplantation (MAT) has become a powerful tool in experienced
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hands with proven clinical and functional efficacy in relatively young and active meniscectomized symptomatic
patients; however, there are many controversial aspects not
clearly elucidated yet.
Most of the original and review studies available in
humans have focused on the outcomes but very few on
specifically reviewing the optimal timing for MAT, return
to competitive sports, MAT and associated procedures,
and prevention of osteoarthritis with MAT [15, 22, 23,
29]. Moreover, review studies regarding the outcomes of
MAT have not been restrictive enough in terms of minimum follow-up and sample size as inclusion criteria [15,
22, 23, 29]. In addition, there has been a huge increase in
the number of studies related to MAT in the last decade.
Therefore, an updated systematic review on the optimal
timing for MAT, outcomes, return to competition, MAT and
associated procedures, and prevention of osteoarthritis with
MAT (with studies reviewed based on its methodological
quality and level of evidence) is timely. This article may
help the surgeon on the decision-making regarding several
aspects related to MAT that may influence the final clinical outcome and may also serve to generate ideas for future
research regarding areas with still controversy.
This is part two of a two parts review article addressing controversial questions in MAT. The purpose of this
study was to provide a comprehensive and updated systematic review of the literature regarding five controversial
topics: optimal timing for MAT, outcomes, return to competitive sports, associated procedures, and prevention of
osteoarthritis.

Materials and methods
The methodology of this study was reported in a concomitant article (Part 1 of this systematic review on MAT) [43]
and following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement for systematic reviews [31].
Eligibility criteria
All studies investigating aspects related to MAT were initially approached for eligibility. Studies were included if
they were animal or human studies, in vitro or in vivo studies, level of evidence between I and IV for clinical human
studies, written in English language, and contained information on the topics targeted for this study. The 5 topics
were selected in consensus among all co-researchers and
were based on own experience and existing literature. Specific inclusion criteria were established for clinical studies evaluating the outcomes of MAT and the relationship
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between MAT and osteoarthritis: minimum follow-up of
5 years and minimum sample size of 20 patients. Other systematic review and meta-analyses were excluded from the
systematic search but taken into account to assist in discussion and conclusions on each topic.
Information sources and search
Electronic and other search strategies
The initial electronic literature search has been described
in the concomitant article (Part 1) [43]. The same databases
for the same period of time and the same keywords were
used by the same researcher. Also, the reference lists of
all included articles and systematic review/meta-analyses
encountered were reviewed to search for potential studies
not previously identified.
Data collection and analysis
Study selection
Study selection methodology was the same as the Part 1
article and also conducted by the same researchers [43].
Data collection process
The data collection process was the same as the Part 1
article, but for the other topics included [43]. Information
regarding the 5 topics included in Part 2 of this systematic review on MAT was extracted in a systematic fashion
from included studies by 1 researcher. Data extraction was
then verified by the rest of the researchers. Articles were
classified in each topic according to the principal purpose
of the investigation. Articles were classified in more than
one topic only if secondary purposes were reported with
enough quality and extension. For each topic, information
was classified according to the type of study (animal study,
in vitro human studies, and in vivo human studies) and
level of evidence (for in vivo human studies). Conclusions
were established for each topic. This decision was made in
consensus between 2 researchers. The topics included:
1. Immediate versus delayed MAT: What is the optimal
timing?
2. Outcomes: What happens in the long-term follow-up?
3. Competitive sports: Is MAT an effective option for athletes at a competitive level?
4. Associated procedures: Does it make a difference when
MAT is associated with concomitant procedures?
5. Osteoarthritis: What is the role of MAT in the prevention of knee osteoarthritis?
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Fig. 1  Flow diagram for
literature search and selection
of studies for the systematic
review. MAT, meniscal allograft
transplantation. *Some studies
could be classified in more than
one topic

1548 records identified
PubMed (n = 753)
ScienceDirect (n = 570)
EBSCO-CINHAL (n=225)

1407 references excluded
-Duplicated references
-Non-English articles
-Case reports
-Review articles
-Technical notes
-Unrelated to controversial topics
-Unrelated to meniscal transplants

141 references reviewed in full-text

61 references excluded
-Related to other controversial topics

80 references included

56 references excluded
-Not meet speci ic inclusion criteria
24 references finally included

*

MAT timing = 2
MAT outcomes = 7
MAT in competitive athletes = 3
MAT and associated procedures = 16
MAT and osteoarthritis = 5

Assessment of the risk of bias
The methodological quality of the included studies was
evaluated through a summary table of several important
aspects potentially related to bias in the investigation of
MAT, as previously reported in more detail in Part 1 of this
systematic review [43]. This assessment was performed
by answering yes, no, unknown, or not clearly reported
to the following information from each study: purpose
clearly stated, prospective nature clearly defined, concealed allocation, similarities at baseline between groups,
blinding of participants, blinding of data collectors, blinding of outcome assessor, similar distribution of athletes
and/or athletes at competitive level between groups, similar distribution of associated procedures between groups,
similar distribution of previous major knee injuries and/or
osteoarthritic changes between groups, no graft irradiation
reported and comparable distribution between groups, similar surgical technique between groups, similar graft preservation techniques between groups, acceptable compliance,
acceptable dropout rate, duration of intervention comparable between groups, and intention-to-treat analysis. A final
quality score was given for each study, where yes was 1
point and any other responses (no, unknown, not clearly
reported) were 0 points. The assessment of the risk of bias

in included studies was based on the articles by Aaltonen
et al. [3] and Slim et al. [46].

Results
Study selection
The literature search elicited a total of 1,548 references (PubMed = 753; ScienceDirect = 570; EBSCOCINAHL = 225), from which 1,407 were excluded
because of duplicates, non-English articles, case reports,
review articles, technical notes, unrelated studies, studies
not reporting on the topics considered for the present study
(Fig. 1). A total of 141 studies were reviewed in full text: 61
were excluded because were related to topics included in
Part 1 of this systematic review [43], and 56 were excluded
because did not meet specific inclusion criteria for the targeted topics. Therefore, 24 articles met the final inclusion
criteria for the current systematic review.
Characteristics of the Studies
The number of studies included in each topic was as
follows: MAT timing 2, MAT outcomes 7, MAT in
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Table 1  Assessment of the risk of bias in the included studies involving humans
T

Study

A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q

Score

2
2
2
2

Wirth [55]
Verdonk [50]
Hommen [24]
Van der Wal [48]

1
1
1
1

1
0
0
0

0
0
0
0

0
0
1
0

0
0
0
0

0
1
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

1
1
1
1

0
0
0
0

0
1
1
1

1
1
1
1

1
1
1
1

1
1
1
0

1
1
1
0

7
8
8
5

2
2
2
3
3
3
4
4
4
4
4
4
4
4
4

Gonzalez-Lucena [20]
Vundelinckx [54]
Saltzman [42]
Alentorn-Geli [6]
Chalmers [11]
Marcacci [28]
Graf [21]
Binnet [9]
Sekiya [45]
Wirth [55]
Bhosale [8]
Farr [18]
Rue [39]
Gomoll [19]
Rueff [40]

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0
0
0
0
0
1
0
0
0
1
0
0
1
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
1
0
0
0
0
0
1
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
1
1
1
1
1
0
0
0
0
0
0

0
0
0
1
0
0
1
0
0
0
1
0
0
0

0
0
0
1
0
0
0
0
0
0
1
0
0
0

1
1
1
1
1
1
0
1
1
1
1
1
0
0

1
1
0
1
0
1
1
1
0
0
1
1
0
1

1
1
1
1
1
1
0
1
1
1
1
1
0
1

0
1
1
1
1
1
1
1
1
0
1
1
1
0

0
0
1
1
1
1
1
1
1
0
0
1
1
0

1
0
1
1
1
1
1
1
1
1
1
1
1
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0

5
5
6
10
8
9
7
8
6
5
9
7
5
4

0

0

0

0

0

0

0

0

1

1

1

1

0

1

0

6

T, topic (2 outcomes, 3 return to competition, 4 associated procedures); 1 yes, 0 no, unknown, not clearly reported
A purpose clearly stated, B prospective, C concealed allocation, D similarities at baseline between groups, E blinding of participants, F blinding of data collectors, G blinding of outcome assessor, H similar distribution of athletes and/or athletes at competitive level between groups, I
similar distribution of associated procedures between groups, J similar distribution of previous major knee injuries and/or osteoarthritic changes
between groups, K no graft irradiation reported or comparable distribution between groups, L similar surgical technique between groups, M similar graft preservation techniques between groups, N acceptable compliance, O acceptable dropout rate, P duration of intervention comparable
between groups, Q intention-to-treat analysis (see text for more details)
Items D, H, I, J, K, L, M, and P require group comparisons. Items for case series without different subgroups were responded considering the
whole sample (i.e., if similar graft preservation techniques (item M) were employed for all patients, this was considered a “Yes”). Studies were
classified in each topic (question) depending on the principal purpose of the study. This table only includes studies using meniscal allograft
transplantation in humans

competitive athletes 3, MAT and associated procedures 16,
and MAT and osteoarthritis 5. Of the 24 studies, 2 were
animal studies, and 22 were in vivo human studies. Further
characteristics of included studies are specified in each section. Table 1 summarizes the assessment of the risk of bias
for the included studies. The information extracted from all
included studies in each of the 5 topics was as follows:

Only two studies were found focusing on this topic, which
specifically compared the immediate versus delayed MAT
[2, 36].

surgery: control knees, meniscectomized knees (all medial
menisci), immediate MAT, and 3-month delayed MAT. The
authors fixed the medial menisci horns with sutures through
bone tunnels. They found that articular cartilage degeneration was higher in the meniscectomized and delayed MAT
groups compared to controls and immediate MAT, but the
latter was higher than control knees. The authors concluded
that immediate MAT reduced but did not prevent articular
cartilage degeneration and immediate MAT was more effective at preventing cartilage degeneration compared to delayed
MAT. Rijk et al. [36] observed in rabbits that immediate MAT
provided a protective effect on articular cartilage at 1 year
of follow-up, whereas delayed transplantation leads to more
degenerative changes than meniscectomy only.

Animal studies

Outcomes of MAT

Aagaard et al. [2] conducted an animal study in sheep comparing the effects of immediate and delayed MAT on articular cartilage. There were 4 groups evaluated 6 months after

The initial literature search elicited 46 studies reporting
clinical, functional, and radiographic outcomes after MAT.
However, after applying the more restrictive inclusion

Immediate versus delayed MAT: What is the optimal
timing?
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criteria, only 7 studies (all but 1 were case series, level IV
evidence) were finally included in this systematic review.
In vivo human studies
Level evidence: 2 Wirth et al. [55] reported the longterm results of MAT plus anterior cruciate ligament (ACL)
reconstruction in a series of 23 patients followed at 14 years
postoperatively. The authors compared these patients to two
control groups consisting of ACL reconstruction with intact
menisci and with meniscectomy. At 14 years, the mean
Lysholm was 75 points. They used 17 lyophilized and 6
deep-frozen allografts. It was found that, overall, deep-frozen meniscal allografts had better results than lyophilized
allografts. In fact, the latter demonstrated a reduction in
size at second look, showing results more comparable to the
meniscectomy group. In contrast, the deep-frozen allografts
were more comparable to the intact meniscus group.
Level evidence: 4 Verdonk et al. [50] have reported 1 study
with long-term follow-up related to case series of MAT. In
2006, this group reported the long-term clinical and radiological results of MAT in a series of 41 patients (minimum
follow-up of 10 years). All patients were divided into 3
groups: lateral MAT, medial MAT, medial MAT plus associated high tibial osteotomy. All groups improved the modified HSS score at final follow-up, but the KOOS revealed
disability, symptoms, and reduced quality of life. Fortyone per cent had no progression of joint space narrowing
assessed by radiographs, and 35 % assessed with magnetic
resonance imaging (MRI). A total of 7 patients (18 %) had
to undergo total knee arthroplasty during the follow-up.
Hommen et al. [24] reported the results of MAT using
cryopreserved allograft with a follow-up of 10 years. The
authors observed a failure rate of 25 and 50 % for the
medial and lateral MAT, respectively. There was a significant improvement in Lysholm score and pain. The overall
improvement in Lysholm score and pain occurred in 90 %
of patients. The authors observed no differences between
medial and lateral MAT and between the use of bone plugs
or soft tissue fixation. Sixty-six per cent of cases available
for MRI showed joint space narrowing and 80 % progression to degenerative joint disease.
Van der Wal et al. [48] reported their long-term results
of MAT in 57 patients using cryopreserved grafts. The
overall failure rate was 29 %. Overall, the Lysholm score
significantly improved in the post-operative compared to
preoperative values. There were no differences in Lysholm
score between non-failed and failed cases undergoing knee
arthroplasty. Although function improvements decrease in
the long term, the authors concluded that this is an appropriate procedure for younger patients to delay total knee
arthroplasty.

González-Lucena et al. [20] reported the results of
MAT without bone blocks at 5- to 8-year follow-up in 33
patients. The authors observed that the Lysholm and Tegner scores significantly improved after surgery. Also, pain
significantly decreased and joint space narrowing was not
significantly impaired. They reported a survival rate of
87 % at a mean of 6.5 years post-operatively and 33 % of
complications.
Vundelinckx et al. [54] published a medium-term subjective, clinical, and radiographic outcome evaluation of
49 patients undergoing MAT at a 5- to 15-year followup. The failure rate was 10 %, which corresponded to 5
patients that needed a total knee arthroplasty. The authors
found a significant decrease in pain and increase in KOOS,
Lysholm, and SF-36 score, with no modifications in Tegner
score. The outcomes were not different for medial and lateral MAT and did not correlate with alignment deviation,
gender, and body mass index.
Saltzman et al. [42] reported their results with MAT
with a minimum follow-up of 7 years in 22 patients. All
patients significantly improved the quality of life, Lysholm,
IKDC, and KOOS, with excellent satisfaction (8.8 out
of 10 points). The overall successful rate was 88 %. The
improvements were comparable when comparing the
medial and lateral MAT.
Return to competitive sports
There were only 3 studies (all of them were case series)
that performed MAT in competitive athletes and evaluated
the return to competition [6, 11, 28].
In vivo human studies
Level evidence: 4 Alentorn-Geli et al. [6] reported the
return to competition (among other outcomes) of soccer
players undergoing MAT with a follow-up of 2 to 5 years
(mean 3 years). The sample was composed of 14 players
with Tegner scores 9 and 10 and a mean age of 28 years. The
authors reported a return to competition in 12 of 14 players
(85.7 %).
Chalmers et al. [11] reported the return to sports in high
school, collegiate, and professional athletes (mean Tegner
score of 8) in 13 patients after MAT. The athletes had a
mean age of 19.8 years and a mean follow-up of 3.3 years.
The authors observed that 10 of 13 patients (77 %) returned
to their desired level of play after MAT.
Finally, Marcacci et al. [28] reported the return to sports
in 12 professional (Tegner score 10) soccer players after
MAT at a mean follow-up of 3 years. The sample included
players with a mean age of 24 years and corresponded to 6
medial MAT and 6 lateral MAT. The authors found that 11
of 12 patients (92 %) returned to play soccer after MAT. Of
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these 11 patients, 9 patients (75 %) returned to the same
professional level (Tegner score 10), and 2 patients (17 %)
returned to a semi-professional level (Tegner score 9) at a
mean of 3 years post-operatively. The mean time to return
to competition was 10 months.
MAT and associated procedures
Sixteen studies were found specifically reporting the results
of MAT in combination with other surgical procedures, all
level IV (except one level III evidence) studies in humans.
In vivo human studies
Level evidence: 3 Rueff et al. [40] reported a study comparing ACL reconstruction with or without medial MAT
with a minimum follow-up of 5 years and a sample size 16
of patients. The patients without medial MAT had meniscal
repair or partial meniscectomy. The authors found that both
groups had comparable improvements in Lysholm score,
pain, and subjective IKDC, with the exception of swelling
which better improved in the non-MAT group. Eighty-seven
per cent of patients in the MAT group and 100 % in the nonMAT group considered their procedure a success.
Level evidence: 4 Graf et al. [21] reported the results of
MAT combined with ACL reconstruction at a minimum of
8.5 years of follow-up. The authors included 8 patients and
found that the IKDC symptoms were normal in 2 patients,
nearly normal in 5 patients, and abnormal in 1 patient. The
IKDC function was normal in 5, nearly normal in 1, and
abnormal in 2 patients. Six of the 8 patients were pleased
with the function level of the knee and were involved in recreational sports. This study concluded that MAT plus ACL
reconstruction produces adequate results in terms of function and satisfaction in long-term follow-up.
Binnet et al. [9] reported 19-year follow-up results of
lyophilized medial MAT in 4 ACL-deficient patients with
ligament reconstruction. Comparing preoperative and postoperative values at 19 years of follow-up, the authors found
that the median Tegner score decreased from 3 to 2.5, the
median Lysholm score increased from 60.5 to 62.5, and
the median total KSS score decreased from 60.5 to 59.5,
respectively. No patients demonstrated symptoms of instability. All patients had Outerbridge grade IV osteoarthritis
by X-ray examination.
Sekiya et al. [45] reported the clinical outcomes of
MAT and ACL reconstruction in a retrospective case series
involving 28 patients at an average of 2.8 years. The subjective IKDC score was normal or nearly normal in 86,
and 90 % for the objective IKDC (Lachman and pivot shift
tests). The quality of life (assessed with the physical and
mental component summaries of the SF-36) was higher
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than age- and sex-matched reference population. The
authors found no changes in joint space narrowing compared to the contralateral knee.
Wirth et al. [55] reported the long-term results of MAT
plus ACL reconstruction in a series of 23 patients followed
at 14 years post-operatively. The authors compared these
patients to two control groups consisting of ACL reconstruction with intact menisci and with meniscectomy. At
14 years, the mean Lysholm was 75 points. They used 17
lyophilized and 6 deep-frozen allografts. It was found that
overall, deep-frozen meniscal allografts had better results
than lyophilized allografts. In fact, the latter demonstrated
a reduction in size at second look, showing results more
comparable to the meniscectomy group. In contrast, the
deep-frozen allografts were more comparable to the intact
meniscus group.
Regarding MAT associated with articular cartilage procedures, there are also several studies included. Bhosale
et al. [8] reported the results of MAT combined with autologous chondrocyte implantation. The sample was 8 patients
with a mean age of 43 years with kissing chondral defects.
Mean Lysholm score increased from 49 to 66 at 1 year,
with all patients achieving an active lifestyle. However,
although only 5 patients could maintain the improvements
at 3.2 years of follow-up, the authors reported no deleterious effects of this combination of procedures.
The same procedures were combined by Farr et al. [18]
in a case series initially involving 36 patients with a minimum follow-up of 2 years. The authors found that patients
significantly improved the Browne Cincinnati score and
Lysholm score and significantly improved their pain
assessed with the visual analogue scale. The patients were
satisfied with the procedure. They found no differences for
medial or lateral femoral condyle cartilage procedure.
Rue et al. [39] reported a prospective case series involving 31 patients at a minimum of 2 years of follow-up who
underwent MAT plus autologous chondrocyte implantation or osteochondral allograft. At a mean follow-up of
3.1 years, there was a significant improvement in Lysholm,
IKDC, and SF-12. Seventy-six per cent of patients were
completely or mostly satisfied with their results, and, overall, 48 % of patients were classified as normal or nearly
normal in the IKDC.
Gomoll et al. [19] reported the results of 7 patients
treated with a combination of MAT, chondral repair, and
osteotomy followed for a mean of 2 years. The authors
found significant improvements in IKDC, Lysholm, and
KOOS functional scores. In addition, 6 of 7 patients were
able to return to their normal activities with no restriction.
There are some studies previously reviewed in the “outcomes” topic that can also be shortly included in the present
topic. Verdonk et al. [50] observed that the combination of
medial MAT and high tibial osteotomy demonstrated better
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improvements in terms of pain, HSS score, and KOOS
score compared to isolated medial MAT. Also, Saltzman
et al. [42] reported their results in a subgroup analysis
compared isolated MAT versus MAT and associated procedures. The authors found that the “combined” group had
greater Lysholm, KOOS pain, and KOOS quality of life
compared to the “isolated” group.
There were 5 studies (all level IV evidence) that were
initially classified in the “outcomes” topic but could not
be finally included because they did not meet the specific
inclusion criteria set for this topic. These studies were not
specifically aimed to compare MAT and MAT plus associated procedures, but reported this subgroup comparison
[12, 24, 33, 35, 41]. All 5 studies did not compare any
specific associated procedure, but reported isolated MAT
compared to MAT and any associated procedure (including mostly ACL reconstruction, cartilage repair procedures,
and osteotomies). Therefore, no conclusions could be elaborated for any specific associated procedure. Essentially,
these studies found that the association of other procedures
did not elicit significantly worst clinical, functional, and
radiographic outcomes compared to isolated MAT, except
for greater improvement in role physical in “combined”
group compared to “isolated” group [35].
MAT and osteoarthritis
All of the included studies in this section have been previously reviewed in the “outcomes” topic. Whenever possible, only studies reporting isolated MAT were considered
for this section to avoid the influence of concomitant injuries or procedures on the risk of osteoarthritis. Five studies
were finally included in this section, all of them level IV
evidence.
In vivo human studies
Level of evidence: 4 Verdonk et al. [50] found that 52 %
of patients did not show any change in join space width in
a cohort of patients followed for a mean of 12 years, but
all patients considered failure cases who needed total knee
arthroplasty had progression of joint space narrowing. The
join space remained unchanged in 41 % of patients considering both the success and failure cases. Most patients (34 %)
had only 1 degree of progression. Regarding MRI, 47 % of
patients demonstrated no progression of degeneration of the
femoral cartilage at a mean of 12 years of follow-up, and
29 % demonstrated progression of only 1 grade. In the tibial
articular cartilage, 41 % demonstrated no progression of
cartilage degeneration. Regarding the subgroup of isolated
medial MAT, 31 % had grade III degenerative changes, but
all of them were already present just 1 year after surgery
and did not progress at final follow-up. For the lateral MAT,

there was a progression of articular degeneration in 13 % of
patients.
Hommen et al. [24] observed that 10 of 15 patients
(66 %) had significant narrowing of the tibiofemoral compartment of a mean of 1 mm. Their study had a mean follow-up of 141 months. Fifty-four per cent of patients had
progression of Fairbank degenerative joint disease score in
the transplanted compartment. Regarding the use of MRI
in the 7 patients available for this imaging study (30 %), 1
was classified as normal cartilage, 2 of mild degeneration,
3 as moderate, and 1 as severe degeneration.
Gonzalez-Lucena et al. [20] reported their results of
MAT without bone blocks in 33 patients with a follow-up
between 5 and 8 years. On Rosenberg’s view of plain radiographs, they observed no significant narrowing of the join
space in the preoperative (mean join space 3.19 mm) and
post-operative periods (mean join space 3.21 mm).
Vundelinckx et al. [54] reported the results of MAT in
49 patients with a follow-up between 5 and 15 years. The
authors employed the Kellgren-Lawrence radiographic
classification to assess knee osteoarthritic changes. They
found a significant increase in the level of osteoarthritis
in the post-operative compared to preoperative period.
Fifty-eight per cent of patients had no increase in the
degree of osteoarthritis, but 24 % of patients increased
by 1 degree, 18 % by 2 degrees, and no patients with
increase in 3 degrees (Kellgren-Lawrence grade IV
osteoarthritis).
Saltzman et al. [42] reported their results of MAT with
a mean follow-up of 8.5 years (minimum 7 years) in 22
patients. Only 6 of the 22 patients were evaluated with radiographs at last follow-up. At last follow-up of these patients
(range from 7.46 years to 10 years), the authors observed
progression of joint space narrowing with mild-to-moderate changes in 2 patients (both had combined MAT plus
osteochondral allograft procedure), minor-mild joint space
narrowing in 2 patients, and preservation of joint space
narrowing in 2 patients. Of the 3 failed cases, 2 were not
related to progression of osteoarthritis (but with graft rupture or degeneration) and 1 had persistent pain and symptoms with already focal grade IV tibial plateau changes at
the time of MAT.

Discussion
The principal findings of this systematic review have been
summarized in the conclusions section. The methodological quality of the included studies is, in general, suboptimal. Conclusions mostly come from in vivo clinical studies
with level IV evidence. In fact, nearly all studies are case
series that have made subgroup comparisons for specific
issues.
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There are a lot of references reporting the clinical outcomes of MAT. Generally, most of the current “outcomefocused” studies are showing consistent good clinical and
functional results in relatively young and active meniscectomized symptomatic patients. However, the most valuable
and meaningful conclusions are obtained from studies with
longest follow-up and appropriate sample size. In general,
studies with shorter follow-up have reported very good outcomes regardless of the surgical technique employed, fixation method, type of patients, or associated procedures [4–
7, 11, 15, 22, 23, 29, 33, 51]. The most relevant information
regarding the outcomes of MAT procedure has to do with
the long-term follow-up. The study with the longest followup was reported by von Lewinski et al. [52], but the sample
size was only 5 patients. The study was a case series where
the patients underwent MAT plus ACL reconstruction and
advancement of the medial collateral ligament. In this
study, the authors found that the Lysholm score increased
from 21 to 97 points, the KOOS from 28 to 91, and the
IKDC was nearly normal in 2, abnormal in 2, and severely
abnormal in 1 patient. They observed that all patients had
progression of radiographically assessed knee osteoarthritic changes although they did demonstrated relatively
good clinical and functional outcomes. It is important when
evaluating the effects of MAT to have at least one group of
patients undergoing isolated MAT, controlling for most of
the factors than can influence the results (Table 1). It might
be argued that differences in demographic characteristics,
distribution of athletes, associated surgical procedures,
previous major knee injuries associated with the meniscal “problem”, or differences in graft sterilization, preservation, or the surgical technique itself could influence,
among other factors, the outcomes of MAT. The control
of all these parameters in a study with long-term followup and relatively large sample size has not been reported
to date. Despite these limitations, it can be concluded from
the available literature that MAT produces good outcomes
in the long term and this procedure is, therefore, worthwhile and justified in well-selected individuals, whenever
any associated condition is concomitantly or beforehand
corrected. Interestingly, Verbruggen et al. [49] reported the
revision of MAT in the long-term follow-up. Eighty-nine
transplants in 87 patients were performed, and at a mean
of 16.2 years follow-up, 68 transplants in 68 patients survived and the rest had to be converted to knee arthroplasty
because of progression of osteoarthritis. The authors found
that patients undergoing knee arthroplasty for failed MAT
had a tendency for lower scores than patients with primary
knee arthroplasty, but the former group still had better clinical outcomes than prior to MAT. Therefore, MAT would
be justified because it may delay the need for knee arthroplasty for many years without a clear impact on subsequent
clinical outcomes for the knee replacement procedure.
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The most common associated procedures with MAT
are ACL reconstruction and cartilage-related procedures,
although high tibial osteotomy is also commonly performed.
Overall, the evidence clearly indicates that the association
of other procedures does not worsen the results of MAT.
This is especially true for ACL reconstruction and cartilage
procedures [22, 23]. However, many studies have not compared isolated versus combined procedures but, instead, are
case series where patients underwent MAT and other surgical procedures aimed to correct other disorders [22, 23, 29].
Some studies have a low number of patients with associated
procedures, so no clear conclusions can be drawn without
a risk of type II error if a statistical analysis is purported.
The recommendation clearly points out to correct any disorder before or during the MAT. The association of high tibial
osteotomy or distal femoral osteotomy has been less investigated, but it is accepted that any axial malalignment has to
be corrected in order to indicate a MAT [51]. It is not clear
whether MAT and osteotomy are better than osteotomy
alone, so further research is necessary.
There are numerous studies investigating the effects of
MAT on articular cartilage integrity, preservation, or contact area and pressure mechanics in both the animal and in
vitro human model (human cadaver studies). However, this
evidence may not be related to what actually happens in the
long-term follow-up of patients. It has been demonstrated
that MAT in sheep [1, 26, 47, 53] and rabbits [13, 36] protects the articular cartilage from degeneration. However,
other studies have reported no benefit of MAT on the prevention of knee osteoarthritis in sheep [14, 32] and rabbits
[37], whereas others have reported only partial protection
in dogs [16, 32]. In vitro human studies have demonstrated
the biomechanical benefits of MAT in terms of reduced
peak contact pressure compared to meniscectomized knees
[25, 30, 34] and increased contact area [34], but MAT does
not restore contact mechanics to that of normal knees [27].
Positive findings in terms of articular cartilage benefits
in animals and in vitro human studies seem to agree with
some clinical studies [20, 50], but other studies in humans
have not reported clear benefits on articular cartilage [24,
54]. Overall, there are only few studies with long-term follow-up evaluating the effects of MAT in articular cartilage
in humans. It should be noted that studies with the longest follow-up are also those with the smallest sample size.
Therefore, in many cases, no statistical analysis was provided because of this limited sample size in each subgroup
of radiographic degeneration. Another important issue has
to do with the control of other causes of osteoarthritis in
these studies. Investigations regarding osteoarthritis have
to be conducted with isolated MAT to assess adequately
the effects of meniscal transplant, as ACL reconstruction
and cartilage restoration procedures, may contribute to the
development of osteoarthritis.
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This study has some limitations. First, it only used three
databases for literature search and only English-written
articles were included which may increase the risk of missing some interesting references. Second, there is a risk of
publication bias by not including “negative” studies that
were finally not published. Third, the high heterogeneity of the measurement methods, methodological quality,
and way to report the results make any comparison highly
difficult. Fourth, it is difficult to draw significant conclusions due to the limited sample sizes for some of the topics
reviewed. Despite these limitations, this systematic review
provides a comprehensive and updated review of the literature regarding five relevant topics in MAT and provides
evidence-based statements that may be helpful to draw
conclusions on each topic and identify areas for future
research.

Conclusions
The principal conclusions of this systematic review (provided according to the level of evidence whenever available) for each topic included are as follows:
1. Immediate versus delayed MAT:
• There is minimal information available regarding the
optimal timing for MAT to prevent postmeniscectomy syndome or cartilage degeneration (only animal studies with short follow-up). Future studies are
needed, especially for this topic.
2. Outcomes:
• MAT is a successful surgical procedure to improve
symptoms, function, and quality of life at 7 to
14 years of follow-up (level IV evidence).
• The overall failure rate (need for knee arthroplasty)
ranges from 10 to 29 % in the long-term follow-up
(level IV evidence).
• There are no differences in the clinical and functional outcomes between the medial and lateral MAT
(level IV evidence).
3. Competitive sports:
• MAT allows return to the same level of competition
in 75–85 % of patients in the short- to mid-term follow-up (level IV evidence).
• MAT does not preclude returning to soccer at highlevel professional competition (Tegner score 10)
level (level IV evidence).
• The number of studies and samples size regarding
return to sports and results in competitive sports is
very limited. Further research is needed.

4. MAT and associated procedures:
• The association of cartilage procedures (level IV
evidence) or ACL reconstruction (level III evidence)
with MAT does not worsen the results.
• The evidence for the effects of associated osteotomies in MAT is not conclusive.
• Most studies have not specifically compared isolated
MAT versus combined procedures, but have reported
good results in case series with MAT and associated
procedures (level IV evidence).
5. Osteoarthritis:
• Many patients have focal chondral lesions or some
degree of diffuse compartment cartilage degeneration at the time of MAT (level IV evidence).
• It seems that MAT may prevent progression of cartilage degeneration in the long-term follow-up (level
IV evidence).
• The prevention effect of MAT on the development of
knee osteoarthritis in cartilage injury-free individuals has not been demonstrated.
• Studies with longest follow-up (included in this
topic) were also those with smallest sample sizes.
Therefore, no definitive conclusions can be drawn.
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