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Background: Graft failure after meniscal allograft transplantation (MAT) may necessitate revision surgery or conversion to
arthroplasty. A comprehensive understanding of the risk factors for failure after MAT of the knee may facilitate more informed
shared decision-making discussions before surgery and help determine whether MAT should be performed based on patient risk.

Purpose: To perform a systematic review and meta-analysis of risk factors associated with graft failure after MAT of the knee.
Study Design: Systematic review; Level of evidence, 4.

Methods: The PubMed, OVID/Medline, and Cochrane databases were queried in October 2021. Data pertaining to study char-
acteristics and risk factors associated with failure after MAT were recorded. DerSimonian-Laird binary random-effects models were
constructed to quantitatively evaluate the association between risk factors and MAT graft failure by generating effect estimates in the
form of odds ratios (ORs) with 95% Cls. Qualitative analysis was performed to describe risk factors that were variably reported.

Results: In total, 17 studies including 2184 patients were included. The overall pooled prevalence of failure at the latest follow-up
was 17.8% (range, 3.3%-81.0%). In 10 studies reporting 5-year failure rates, the pooled prevalence of failure was 10.9% (range,
4.7%-23%). In 4 studies reporting 10-year failure rates, the pooled prevalence was 22.7% (range, 8.1%-55.0%). A total of 39 risk
factors were identified, although raw data presented in a manner amenable to meta-analysis only allowed for 3 to be explored
quantitatively. There was strong evidence to support that an International Cartilage Regeneration & Joint Preservation Society grade
>3a (OR, 5.32; 95% Cl, 2.75-10.31; P < .001) was a significant risk factor for failure after MAT. There was no statistically significant
evidence to incontrovertibly support that patient sex (OR, 2.16; 95% Cl, 0.83-5.64; P = .12) or MAT laterality (OR, 1.11; 95% ClI, 0.38-
3.28; P = .85) was associated with increased risk of failure after MAT.

Conclusion: Based on the studies reviewed, there was strong evidence to suggest that degree of cartilage damage at the time of
MAT is associated with graft failure; however, the evidence was inconclusive on whether laterality or patient sex is associated with
graft failure.
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Meniscal allograft transplantation (MAT) of the knee is per-
formed in young, active patients with meniscal deficiency.
Initial studies report improvement in clinical and functional
outcomes in appropriately selected patients, from patient sat-
isfaction to delay in the need for conversion to arthroplasty.
However, several studies have also demonstrated that there
exists a failure rate after these procedures,”'>1%?% with rates
approaching 55% at the 10-year follow-up.2*

A better understanding of the risk factors for failure after
MAT is important, as it may allow for more informed patient
selection. Prior factors investigated for their potential asso-
ciation with graft failure include graft mismatch, articular
cartilage damage, patient sex, method of graft fixation, and
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graft laterality.”81819:3%34 Degpite a substantial increase in
the volume of literature reporting on factors associated with
graft failure after MAT, these associations are conflicting in
many circumstances and therefore remain unclear.

The purpose of the current study was to perform a sys-
tematic review and meta-analysis of risk factors associ-
ated with graft failure after MAT of the knee. We
hypothesized that cartilage status and graft compartment
laterality would be associated with an increased risk of
graft failure.

METHODS
Article Search Process

Articles were extracted in accordance with the 2009
PRISMA (Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses) statement.?! The query was

performed in October 2021 for literature pertaining to graft
failure after MAT utilizing the Boolean search phrase
“(meniscal allograft transplantation AND (failure) AND
((knee))).” The query was performed using the Cochrane
Database of Systematic Reviews, Cochrane Central Regis-
ter of Controlled Trials, PubMed (2008-2019), and OVID/
Medline (2008-2019) databases. The protocol for this sys-
tematic review and meta-analysis was registered on PROS-
PERO (ID: 293726).

Article Eligibility

Eligible articles included those written in the English
language that reported on clinical outcomes after MAT
at any postoperative follow-up period. No minimum
follow-up was used to restrict the search, as the primary
outcome was all-cause failure after MAT. Included were
studies with evidence levels 1 to 3 that directly compared
cases and controls or level 4 studies that performed a
subanalysis allowing for information necessary to gener-
ate odds ratios (ORs). Articles were excluded if failure
rates were not evaluated; data were not readily analyz-
able; populations included pediatric patients; or studies
included conference abstracts, narrative or systematic
reviews, case reports, technical notes, biomechanical
studies, and letters to the editor. Additionally, the refer-
ences of included articles were cross-referenced for addi-
tional investigations that may have been missed in the
systematic search.

Quality Assessment

The methodological index for non-randomized studies
(MINORS) checklist'® was used to evaluate the quality of
all included studies. The checklist involves 12 items to
assess quality, of which 4 are applicable only to compara-
tive studies. The 4 additional criteria specific to compara-
tive groups were used to assess the bias present in articles
when selecting cohorts. Each item is scored on a scale of 0 to
2; thus, the maximum MINORS score is 16 for noncompara-
tive studies and 24 for comparative studies. Two reviewers
(K.N.K. and R.A.D.) scored each study, and any discrepan-
cies were mitigated by consensus agreement or excluded
altogether.
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Statistical Analysis

All statistical analyses and related figures were produced via
OpenMetaAnalyst, using metafor R console code.?? A 2-tailed
P value <.05 was considered to indicate statistical signifi-
cance. Risk factors were recorded from each included study,
and ORs were calculated from 2-by-2 tables for each study. If
risk factors were used to match cohorts 1:1 by exact values,
they were not included in the quantitative meta-analysis.
Risk factors not amenable to calculation of ORs because of the
method of reporting were quantified using mean differences
when appropriate. Furthermore, risk factors without suffi-
cient data to perform a meta-analysis were described narra-
tively and excluded from being analyzed quantitatively.
DerSimonian-Laird random-effects models were used to
determine pooled effect sizes®® because study heterogeneity
was expected given that patient populations were not identi-
cal, study designs differed, surgical indications may vary, and
surgeon experience has inherent variability.

In accordance with previous recommendations and
guidelines for performing meta-analyses from statistical
methods literature, a minimum of 2 studies were incorpo-
rated into each meta-analysis, as this number is efficient in
drawing conclusions from resultant data.®'! The pooled
effect size was calculated as a weighted average of the
effects estimated in the individual studies, with weights
representing the amount of information from each study.
The 95% CI was used to report all pooled statistics. Hetero-
geneity was assessed by the P value of chi-square statistics
and the I? statistic using random-effects models. We
regarded heterogeneity as possibly unimportant at an I?
value <40% and considerable at an I? >75%.'* Risk factors
were classified as having strong evidence, moderate evi-
dence, minimal evidence, or marginal to no evidence,
according to previously established criteria (Table 1).28

RESULTS
Study Characteristics

After consensus was reached between the 2 reviewers, 17
studies” investigating the outcomes of 2184 patients were
included in the final quantitative and qualitative analysis
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TABLE 1
Risk Factor Strength of Evidence Classifications®
Evidence Classification Description
Strong Increased risk for failure after MAT compared with baseline risk (OR, >2.0) or had a strong protective effect (OR,

<0.8), and statistically significant
Moderate
Minimal
Marginal to none

OR between 1.5 and 2.0 or between 0.8 and 0.9 if protective, and statistically significant
OR between 1.0 and 1.5 or 0.9 and 1.0 if protective, and statistically significant
Nonsignificant OR (P > .05) or presented no plausible explanation for being a risk factor

“MAT, meniscal allograft transplantation; OR, odds ratio.

Records identified through PubMed,
OVID/Medline, and Cochrane databases
(n = 846)

|

Articles excluded based on title or abstract
screening including duplicates
(n=781)

!

Full-text articles assessed for eligibility

Records excluded on basis of full-text (n = 48)
+ Did not report at least one risk factor in
manner amenable to quantitative analysis (n =19)

* Did not report failure rate (n=6)
Did not investigate failure (n=5)

.

(n=65)

!

Articles included in qualitative and quantitative
synthesis
(=17

Figure 1. Study selection flowchart.

(Figure 1). Eleven (64.7%) studies®78:15-18,26.29.30 wore
retrospective cohort studies, while the remaining 6
(35.3%) articles'®2%-24253134 were case series. The overall
pooled prevalence of failure at latest follow-up was 17.8%
(range, 3.3%-81.0%). In 10 studies™" reporting 5-year fail-
ure rates, the pooled prevalence of failure was 10.9%
(range, 4.7%-23%). In 4 studies'”?*3%34 reporting 10-year
failure rates, the pooled prevalence was 22.7% (range,
8.1%-55.0%).

The overall pooled age and body mass index (BMI) of
included patients were 35.1 + 5.2 years and 25.1 + 3.9,
respectively. The definitions of failure were largely consis-
tent across studies (Table 2) but were generally defined as
need for revision MAT or graft removal, meniscectomy, con-
version to arthroplasty, or gross appearance of graft failure
at second-look arthroscopy.

Methodological Quality

The mean (£ SD) MINORS score was 16.7 £ 3.9 among all
studies (Table 3). For the comparative studies, the mean
MINORS score was 20.6 + 0.7 out of 24. For the noncom-
parative studies, the mean MINORS score was 12.7 + 0.7
out of 16.

**References 1, 2, 7, 8, 15, 17-20, 24, 26, 29, 30.

Review articles (n=5)

Editorial commentaries (n=4)

Non-English language (n=4)

Technique articles (n=3)
Biomechanical/cadaveric investigation (n=1)
* Animal studies (n=1)

Risk Factors

A total of 39 risk factors were studied among the 17
included articles. Qualitative analysis was performed when
heterogeneity was present or when the risk factor was
investigated in <3 studies. A quantitative random-effects
meta-analysis was performed in the absence of these con-
ditions. The following associated potential risk factors for
graft failure after MAT of the knee were pooled in a meta-
analysis as follows: International Cartilage Regeneration &
Joint Preservation Society (ICRS) grade, MAT laterality,
and sex (Table 4). The remaining risk factors were
described narratively (Appendix Table Al). Notably, of
the 8 studies®1719-2425:29.34 that analyzed age as an inde-
pendent risk factor, 5 studies®!"-242534 jdentified it as non-
contributory to graft failure after MAT, whereas 3
studies'®!®2% implicated age as a risk factor for failure.
Of the 3 studies'®?53* that analyzed BMI as an indepen-
dent risk factor, 2 studies®®* identified BMI as noncon-
tributory to graft failure after MAT, whereas 1 study!®
implicated it as a risk factor for failure.

ICRS Grade as a Risk Factor for Failure After MAT

Four studies®!%1826 investigated the association between

ICRS grade and failure after MAT (Figure 2). The pooled
analysis revealed that ICRS grade >3a conferred
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TABLE 2
Characteristics of the Included Studies®
Failure
Lead Author (Year) Design (LOE) N Failure Definition Prevalence Risk Factors®
Stone (2006)%1 Case series (4) 45 Allograft removal, conversion to 10.6% at 4.4y MAT laterality, sex, fresh-frozen vs
UKA or TKA cryopreserved allograft, OCS, number of
concomitant procedures, type of
concomitant procedure, number of prior
surgeries on ipsilateral knee
Abat (2013)! Retrospective 88 Allograft removal 5.7% at 5y  Suture only vs osseous MAT graft fixation
cohort (3)
Faivre (2014)” Retrospective 23 Partial or complete allograft 17.4% at 5.5 y Open vs arthroscopic MAT
cohort (3) removal
McCormick (2014)%° Case series (4) 172 Allograft removal, revision MAT, or 4.7% at 5y  Need for secondary procedure, MAT
conversion to UKA or TKA laterality
Kempshall (2015)® Retrospective 99 Allograft removal, conversion to 9% at 2y ICRS grade, concomitant procedures, age,
cohort (3) UKA or TKA MAT laterality, graft type
Noyes (2016)** Case series (4) 69 Allograft removal, revision MAT, or 15% at 2 y; MAT laterality, presence of cartilage defect
conversion to UKA or TKA 23% at 5 y; in ipsilateral tibiofemoral compartment,
55% at 10 y; concurrent OAT, age <30 vs >30y
81% at 15y
Parkinson (2016)%®  Retrospective 125 Allograft removal, revision MAT, or  18% at 5y  ICRS grade, MAT laterality, baseline IKDC
cohort (3) conversion to UKA or TKA score, sex, concomitant procedures
Zaffagnini (2016)>* Case series (4) 147 Allograft removal, revision MAT, or 4% at 2y;  MAT laterality, single vs double tunnel, sex,
conversion to UKA or TKA 17% at 10y age <50 vs >50 y, BMI <25 vs >25,
concomitant procedures, smoking, time
from meniscectomy to MAT
Lee (2017)8 Retrospective 222 Graft tear or meniscectomy of 15% at 5y ICRS grade, sex, MAT laterality, time from
cohort (3) greater than one-third of the meniscectomy to MAT, mechanical
allograft observed on MRI or alignment, concomitant procedures
second-look arthroscopy
Mahmoud (2018)!° Case series (4) 45 Allograft removal, conversion to 17.7% at 6.1 y MAT laterality, sex, knee laterality, age
UKA or TKA <35vs >35y, OCS <2vs >2
Bloch (2019)2 Retrospective 240 Allograft removal, conversion to 3.3% at 1y; ICRS grade
cohort (3) UKA or TKA 12.6% at5y
Stevenson (2019)%®  Retrospective 73 Allograft removal, conversion to 4% at 5y;  Graft under- or oversizing, age, concomitant
cohort (3) UKA or TKA 10.6% at 10 y procedures
Kim (2020)*7 Retrospective 299 Tears involving >50% of the graftor 5.1% at 5y; MAT laterality, age, sex, cartilage status
cohort (3) unstable peripheral rim on MRI  8.1% at 10y (ideal/relative/salvage), type of
concomitant procedures, mechanical axis
deviation, preoperative JSW,
postoperative JSW
Song (2020)° Retrospective 264 Tears involving more than half of 85%at5y Age <43vs>43y
cohort (3) the graft, unstable allograft
peripheral rim on MRI
Frank (2022)8 Retrospective 212 Revision MAT, conversion to UKA  12.3% at5y Sex, age <40 vs >40 y, BMI, traumatic
cohort (3) or TKA, macroscopic graft failure origin, MAT laterality, type of
on second-look arthroscopy concomitant procedures
Jimenez-Garrido Retrospective 35 Allograft removal, conversion to 22.9% at 6.3y BMI <30 vs >30
(2021)15 cohort (3) UKA or TKA
Park (2021)%% Case series (4) 26 Revision MAT, meniscal tear or 30.7% at 3.6 y Concomitant cartilage procedures, chondral

meniscectomy greater than one-

third of the allograft on MRI

defect size in LTP, chondral defect size in
LFC, LTP defect size <3 vs >3 cm?, age,
sex, BMI, time from meniscectomy to
MAT, mechanical axis deviation,
allograft coverage

“In all studies, the study population consisted of patients who underwent primary meniscal allograft transplantation (MAT). BMI, body
mass index; ICRS, International Cartilage Regeneraton & Joint Preservation Society; IKDC, International Knee Documentation Committee;
JSW, joint-space width; LFC, lateral femoral condyle; LOE, level of evidence; LTP, lateral tibial plateau; MRI, magnetic resonance imaging;
N, number of patients; OAT, osteochondral autograft transplantation; OCS, Outerbridge cartilage score; TKA, total knee arthroplasty; UKA,
unicompartmental knee arthroplasty.

bRisk factors reported in format with data amenable to quantitative analysis. For full list of risk factors, see Appendix Table A1l.
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TABLE 3
Methodological Quality of Included Studies as Determined by the MINORS Checklist®*

MINORS Item®

Lead Author (Year) 1 2 3 4 5 6 7 8 9 10 11 12 MINORS Score
Stone (2006)3* 2 2 2 2 2 2 2 0 — — — — 14
Abat (2013)* 2 2 2 2 2 2 2 0 2 1 2 2 21
Faivre (2014)" 2 2 2 2 2 2 1 0 1 2 2 2 20
McCormick (2014)%° 2 2 2 2 2 2 1 0 — — — — 13
Kempshall (2015)¢ 2 2 2 2 2 2 2 0 2 2 1 2 21
Noyes (2016)* 2 2 2 2 2 2 2 0 — — — — 14
Parkinson (2016)2% 2 2 2 2 2 2 1 0 1 2 2 2 20
Zaffagnini (2016)34 2 2 2 2 2 2 1 0 — — — — 13
Lee (2017)'8 2 2 2 2 2 2 1 0 2 2 2 2 21
Mahmoud (2018)*° 2 2 2 2 2 2 2 0 — — — — 14
Bloch (2019)2 2 2 2 2 2 2 2 0 2 2 2 2 22
Stevenson (2019)%° 2 2 2 2 2 2 1 0 2 1 2 2 20
Kim (2020)*7 2 2 2 2 2 2 1 0 2 2 2 1 20
Song (2020)2° 2 2 2 2 2 2 0 0 — — — — 12
Frank (2022)8 2 2 2 2 2 2 1 0 — — — — 13
Jimenez-Garrido (2021)'° 2 2 2 2 2 2 1 0 — — — — 13
Park (2021)%% 2 2 2 2 2 2 1 0 — — — — 13

“Dashes indicate areas not applicable (noncomparative studies). MINORS, methodological index for non-randomized studies.

Ttems: 1 = a clearly stated aim; 2 = inclusion of consecutive patients; 3 = prospective collection of data; 4 = endpoints appropriate to the
aim of the study; 5 = unbiased assessment of the study endpoint; 6 = follow-up period appropriate to the aim of the study; 7 = loss to follow-up
<5%; 8 = prospective calculation of the study size; 9 = an adequate control group; 10 = contemporary groups; 11 = baseline equivalence of

groups; 12 = adequate statistical analyses.

TABLE 4
Summary Table for Odds Ratios for Failure in Decreasing
Order of Strength of Association Derived From Meta-
analyses®

Risk Factor OR (95% CI)

ICRS grade >3a
Female sex
Medial MAT vs lateral MAT

5.32 (2.75-10.31)
2.16 (0.83-5.64)
1.11 (0.38-3.28)

“ICRS, International Cartilage Regeneraton & Joint Preserva-
tion Society; MAT, meniscal allograft transplant; OR, odds ratio.

a significantly higher odds of failure after MAT than ICRS
grade <3a (OR, 5.32; 95% CI, 2.75-10.31; P < .001). Hetero-
geneity was considered unimportant (I2 = 14.3%; P = .32).
Based on the results, there was strong evidence to suggest
that ICRS grade >3a is an important risk factor for failure
after MAT.

Patient Sex as a Risk Factor for Failure After MAT

Three studies®!?3! investigated the association between

sex and failure after MAT (Figure 3). The pooled analysis
revealed that female sex was not significantly associated
with failure after MAT compared with male sex (OR,
2.16; 95% CI, 0.83-5.64; P = .12). Heterogeneity was con-
sidered unimportant (I> = 0.52%; P = .37). Based on the
results, there was marginal to no evidence to suggest that
female sex is an important risk factor for failure after MAT.

Graft Laterality as a Risk Factor for Failure
After MAT

Six studies!”19-24:26:31.34 jpyestigated the association
between medial versus lateral MAT and failure after MAT
(Figure 4). The pooled analysis revealed that medial MAT
was not significantly associated with failure after MAT
compared with lateral MAT (OR, 1.11; 95% CI, 0.38-3.28;
P = .85). Heterogeneity was considered moderate
(I? = 65.8%; P = .012). Based on the results, there was
marginal to no evidence to suggest that graft laterality is
an important risk factor for failure after MAT.

DISCUSSION

The main findings of the current systematic review and
meta-analysis are as follows: (1) strong evidence was found
to support that ICRS cartilage grade >3a at the time of
primary MAT is an important risk factor for graft failure
after MAT; (2) little to no evidence was found to support
that MAT laterality and patient sex were important risk
factors for failure after MAT; and (3) numerous risk factors
have been investigated in isolation as they pertain to graft
failure after MAT for which association and importance
remain unknown. Importantly, this is the largest combined
cohort studied for patients undergoing MAT, representing
increased statistical power derived from more than 2000
primary patients who underwent MAT.

The current study quantitatively analyzed 3 reported
risk factors investigated in the literature, ultimately con-
cluding that the presence of ICRS grade >3a increases the
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Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
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Parkinson et al. 2016 11.516 (2.409, 55.042) 11/43 2/69 : 5
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Bloch et al. 2019 4.377 (1.798, 10.654) 17/84 8/146 . -
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Figure 2. Forest plot demonstrating random-effects meta-analysis
Preservation Society grade. Ctrl, control; Ev, event; Trt, treatment.
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for risk factor of International Cartilage Regeneraton & Joint

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl

Stone et al. 2006 1.667 (0.241, 11.525) 2/12 3/28 | |

Mahmoud et al. 2018 1.071 (0.224, 5.128) 4/18 4/19 E ] -

Frank et al. 2022 5.107 (1.075, 24.264) 9/98 2/103 ; ]
Overall (I*= 0.52%, P=.366) 2.158 (0.825, 5.644) 15/128 9/150 e e

1
0.45 112 216 4.48 11.19 2239
Odds Ratio (log scale)

Figure 3. Forest plot demonstrating random-effects meta-analysis for risk factor of sex. Ctrl, control; Ev, event; Trt, treatment.

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl i

Stone et al. 2006 1.103 (0.108, 11.306) 4/33 1/9 -

Noyes el al. 2016 1.508 (0.460, 4.943) 10/31 6/25 —

Parkinson et al. 2016 9.551 (2.509, 36.359) 6/13 7/85 i »n
Zaffagnini et al. 2016 0.282 (0.053, 1.507) 2/80 5/60 | ]

Mahmoud et al. 2018 0.750 (0.146, 3.841) 5/25 3/12 —

Kim et al. 2020 0.405 (0.092, 1.784) 2/48 22/227 L] .

Overall (/*= 65.81%, P=.012) 1.111 (0.377, 3.278) 29/230 44/418 <?

|
0.05

T T T
on

0.26 0.53 1.06 264 5.28 10.56 26.4 3636

Odds Ratio (log scale)

Figure 4. Forest plot demonstrating random-effects meta-analysis for risk factor of meniscal allograft transplant laterality. Ctrl,

control; Ev, event; Trt, treatment.

risk for graft failure by 532% in certain patients. However,
it should be noted that the presence of chondral damage
does not necessarily imply impending failure but only that
there exists a higher likelihood that the MAT will fail. The
ICRS scale defines a grade 3a cartilage defect as when the
lesion extends beyond 50% of the cartilage depth, whereas a
grade 3b defect is a more abnormal lesion that extends into
the calcified layer.® This suggests that proposed chondro-
protective effects associated with MAT cannot compensate
for high-grade cartilage lesions identified at the time of
surgery. Furthermore, this suggests that the transition to
full-thickness cartilage loss may be associated with MAT
failure. Interestingly, we did not identify any studies that
compared lower ICRS cartilage grades with ICRS grades
>3, precluding the analysis of a wider spectrum of cartilage
pathology on MAT failure. Parkinson et al?® reported the
outcomes of 125 consecutive patients treated with MAT,
reporting that patients with ICRS articular cartilage
grades <3a had an 85% reduction in the probability of fail-
ure compared with patients with severe cartilage damage.

Although purely speculation given the current data, it is
plausible that since cartilage status is a time-dependent
prognostic factor where damage may accumulate over time
in the presence of meniscal deficiency,?® the influence of
time from meniscectomy or irreparable meniscal injury to
MAT should be considered since expeditious surgery may
positively influence graft survivorship. Based on the rates
of MAT failure identified in this review, additional proce-
dures may eventually be necessary in select patients, espe-
cially in those with high-grade cartilage damage at the time
of MAT, as evidenced by ICRS grades >3a.

No significant association was found between patients
receiving either a medial or lateral MAT with respect to the
risk of graft failure, suggesting that MAT may successfully
provide relief regardless of the compartment and their dif-
ferential congruencies. In the neutrally aligned knee, a
greater proportion of force is transmitted through the
medial compartment, and therefore one may hypothesize
that this could negatively influence graft survivorship.?”33
On the contrary, 1 study'® reported that the survival of
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medial MAT is actually 6 months longer than that of lateral
MAT. While this statistical difference does not likely trans-
late to clinical significance, prior literature'? supports the
findings of this meta-analysis that laterality is not associ-
ated with graft failure. Therefore, it appears that MAT
laterality is a less important consideration in determining
optimal surgical candidates for MAT.

In our analysis, patient sex did not demonstrate an asso-
ciation with MAT graft failure, but the literature surround-
ing the effect of sex on MAT survival is conflicting, with any
statistical relationships likely because of poorly powered
reports. Frank et al® reported that female patients were
more likely to undergo revision MAT (1.9% vs 8.4%); how-
ever, there were no significant differences in complications
or time to reoperation. Interestingly, female patients were
more likely to have undergone prior meniscectomy before
meniscal transplant compared with male patients, while
male patients <40 years of age were more likely to undergo
concomitant high tibial osteotomy than female patients of
the same age. However, female patients demonstrated
greater postoperative patient-reported outcome scores com-
pared with male patients. Parkinson et al?® reported on the
outcomes of 124 patients (one was lost to follow-up), noting
that there was no significant difference in rates of graft
failure or need for revision surgery between male and
female patients. Mahmoud et al'® also demonstrated in
their series of 45 consecutive MAT procedures that sex was
not associated with graft survivorship. Despite conflicting
results in the literature, the increased statistical power
associated with pooling data in the current meta-analysis
provides greater clarity into this association and suggests
that MAT graft survivorship is not associated with patient
Sex.

Limitations

The current study is not without limitations. First, the
quality of the meta-analysis is a product of the evaluated
studies. While standard pooling and analytic techniques
were applied to mitigate this risk, the conclusions are lim-
ited by the quantity and methodology of the included stud-
ies. As an example, only 3 studies were included in the
analysis that found patient sex was not a statistically sig-
nificant risk factor for MAT graft failure. It is important to
note that not a single analyzed study included a prospective
cohort or randomized controlled trial. Second, several risk
factors were not amenable to meta-analysis because of het-
erogeneity in reporting, and therefore additional risk fac-
tors may or may not exist whose effect could not be
quantitatively estimated given the current data. Future
studies, especially those of higher levels of evidence, are
warranted to both establish causation between risk factors
and failure and provide more insight into potential risk
factors for failure not captured in the current study. Third,
publication bias is always a risk with systematic reviews,
although all risk factors identified in the current review
were reported regardless of whether the association with
failure was positive, negative, or neutral.

Several risk factors were noted in the literature although
not amenable to formal analysis because of (1) variability in
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reporting (such as age), (2) infrequent reporting (such as
graft under- or oversizing), or (3) reporting associations or
lack thereof without presenting data (underreporting).
Importantly, this does not indicate that these factors are
unimportant but rather that further studies are warranted
to clarify these potential associations. Several variably and
underreported factors, including age, BMI, and sex, are
strongly believed to affect the survivorship of MAT grafts.
Furthermore, graft-specific factors, such as fixation
method and storage method (ie, fresh-frozen vs cryopre-
served), may be important factors associated with graft
failure. However, causation is limited in the setting of
low-power, retrospective series. Data transparency and
reporting therefore become essential because methods that
may clarify these relationships, such as meta-analyses and
machine learning-based processes, depend on these prac-
tices. The finding that only 3 variables among the 39
identified in the MAT literature could be explored quanti-
tatively underscores the need for an improved quality and
clarity in reporting the clinical outcomes of MAT.?223 This
is particularly important when considering the narrow
patient selection criteria and high functional expectations
accompanying this procedure. This study suggests that
emphasis must be placed on reducing the methodological
heterogeneity present in MAT research to optimize insight
and better guide surgeons and the patients they serve.

CONCLUSION

There is strong evidence to suggest that degree of cartilage
damage at the time of MAT is associated with graft failure;
however, based on the current data, there is inconclusive
evidence that laterality or patient sex is associated with
graft failure.
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APPENDIX
TABLE Al
Lead Author (Year) Risk Factor
Descriptive/Clinical

Park (2021)%% Age

Kim (2020)7 Age

Lee (2017)'8 Age

Noyes (2016)%* Age

Mahmoud (2018)*° Age

Frank (2022)8 Age

Song (2020)%° Age

previous meniscectomy

Zaffagnini (2016)3* Age

Park (2021)% Sex

Kim (2020)*" Sex

Not associated with graft failure (P = .22)

(continued)
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Table Al (continued)

Lead Author (Year)

Risk Factor

Findings

Park (2021)%°

Jimenez-Garrido (2021)°

Zaffagnini (2016)34
Park (2021)%°
Stone (2006)%!

McCormick (2014)%°

BMI
BMI

BMI

Time from meniscectomy

No. of prior surgeries

Subsequent procedures

Not associated with graft failure (OR, 0.7; 95% CI, 0.5-81.1; P > .05)

BMI >30 significantly increased risk of graft failure (HR, 11.8; 95% CI, 1.5-91.4; P
< .05)

BMI >25 not associated with graft failure (P > .05)

Not associated with graft failure (OR, 1.0; 95% CI, 0.9-1.1; P > .05)

Greater number of surgeries significantly associated with increased risk of graft
failure (P = .012)

Significantly associated with increased risk of graft failure (OR, 8.4; 95% CI, 1.6-
43.4; P = .007)

Procedural/Intraoperative

Park (2021)%
Noyes (2016)*
Kim (2020)*"

Kim (2020)*"

Kim (2020)*7
Stone (2006)3!
Zaffagnini (2016)34
Park (2021)%
Stevenson (2019)%°
Lee (2017)'8
McCormick (2014)%

Stone (2006)3!

Faivre (2014)7
Abat (2013)?

Concomitant cartilage

procedures

Concomitant cartilage

procedures

Concomitant cartilage

procedures

Concomitant ligamentous

procedures

Concomitant osteotomy

procedures

Any concomitant procedure
Any concomitant procedure

Allograft coverage of
chondral defect
MAT sizing

High-grade bipolar cartilage

damage
MAT laterality

Allograft material (fresh-
frozen vs cryopreserved)

Open vs arthroscopic MAT

Suture-only vs osseous-only

fixation

Not associated with graft failure (P > .05)
Significantly associated with increased risk of graft failure at 7y (P < .05)
Not associated with graft failure (P = .72)
Not associated with graft failure (P = .30)
Not associated with graft failure (P = .30)

Not associated with graft failure (P = .20)

Not associated with graft failure (P > .05)

Significantly associated with increased risk of graft failure (OR, 20.5; 95% CI, 1.8—
2872.4; P = .011)

MATS undersized by >5 mm had an increased risk of mechanical failure (OR, 5.66;
P = .046)

Significantly associated with increased risk of graft failure (OR, 3.56; 95% CI,
1.272-9.967; P = .016) compared with low-grade chondral degeneration

No significant differences in failure between medial, lateral, or bicompartmental
MAT (P = .61)

Not associated with graft failure (P > .05)

Open vs arthroscopic MAT not associated with graft failure (P > .99)
Suture-only vs osseous-only fixation not associated with graft failure (P > .05)

Imaging

Park (2021)%
Park (2021)%
Park (2021)%
Park (2021)%

Kim (2020)*"

LTP chondral defect size >3

cm? on MRI
LFC defect size

LTP defect size

Significantly associated with increased risk of graft failure (OR, 28.3; 95% CI, 2.5—
4006.7; P = .004)

Significantly associated with increased risk of graft failure (OR, 3.3; 95% CI, 1.4-
11.6; P = .005)

Significantly associated with increased risk of graft failure (OR, 2.3; 95% CI, 1.1-
7.5; P = .026)

Mechanical axis deviation on Not associated with graft failure (OR, 1.2; 95% CI, 0.9-2.0; P > .05)

radiograph

Mechanical axis deviation on Not associated with graft failure (P = .31)

radiograph

“BMI, body mass index; HR, hazard ratio; LFC, lateral femoral condyle; LTP, lateral tibial plateau; MAT, meniscal allograft transplan-
tation; MRI, magnetic resonance imaging; OR, odds ratio.



	Risk Factors for Graft Failure After Meniscal Allograft Transplantation: A Systematic Review and Meta-analysis
	METHODS
	Article Search Process
	Article Eligibility
	Quality Assessment
	Statistical Analysis

	RESULTS
	Study Characteristics
	Methodological Quality
	Risk Factors
	ICRS Grade as a Risk Factor for Failure After MAT
	Patient Sex as a Risk Factor for Failure After MAT
	Graft Laterality as a Risk Factor for Failure After MAT

	DISCUSSION
	Limitations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


