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Is Graft Choice Predictive of Meniscal Repair Success?
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Background: When meniscal repair is performed during anterior cruciate ligament (ACL) reconstruction (ACLR), the effect of ACL
graft type on meniscal repair outcomes is unclear.

Hypothesis: The authors hypothesized that meniscal repairs would fail at the lowest rate when concomitant ACLR was performed
with bone–patellar tendon–bone (BTB) autograft.

Study Design: Cohort study; Level of evidence, 3.

Methods: Patients who underwent meniscal repair at primary ACLR were identified from a longitudinal, prospective cohort.
Meniscal repair failures, defined as any subsequent surgical procedure addressing the meniscus, were identified. A logistic
regression model was built to assess the association of graft type, patient-specific factors, baseline Marx activity rating score, and
meniscal repair location (medial or lateral) with repair failure at 6-year follow-up.

Results: A total of 646 patients were included. Grafts used included BTB autograft (55.7%), soft tissue autograft (33.9%), and
various allografts (10.4%). We identified 101 patients (15.6%) with a documented meniscal repair failure. Failure occurred in 74 of
420 (17.6%) isolated medial meniscal repairs, 15 of 187 (8%) isolated lateral meniscal repairs, and 12 of 39 (30.7%) of combined
medial and lateral meniscal repairs. Meniscal repair failure occurred in 13.9% of patients with BTB autografts, 17.4% of patients
with soft tissue autografts, and 19.4% of patients with allografts. The odds of failure within 6 years of index surgery were increased
more than 2-fold with allograft versus BTB autograft (odds ratio ¼ 2.34 [95% confidence interval, 1.12-4.92]; P ¼ .02). There was a
trend toward increased meniscal repair failures with soft tissue versus BTB autografts (odds ratio ¼ 1.41 [95% confidence interval,
0.87-2.30]; P ¼ .17). The odds of failure were 68% higher with medial versus lateral repairs (P < .001). There was a significant
relationship between baseline Marx activity level and the risk of subsequent meniscal repair failure; patients with either very low (0-
1 points) or very high (15-16 points) baseline activity levels were at the highest risk (P ¼ .004).

Conclusion: Meniscal repair location (medial vs lateral) and baseline activity level were the main drivers of meniscal repair out-
comes. Graft type was ranked third, demonstrating that meniscal repairs performed with allograft were 2.3 times more likely to fail
compared with BTB autograft. There was no significant difference in failure rates between BTB versus soft tissue autografts.

Registration: NCT00463099 (ClinicalTrials.gov identifier).

Keywords: meniscal repair; ACL reconstruction; autograft; allograft

Anterior cruciate ligament (ACL) ruptures are frequently
accompanied by a meniscal tear.7,38,53 Depending on their
type, size, and location, some meniscal tears are amenable
to repair at the time of ACL reconstruction (ACLR). A
recent large-scale, prospective study reported meniscal
tears in 66% of patients undergoing primary ACLR and

30% of these patients were treated with concomitant menis-
cal repair.54 Over the past few decades, the rate at which
meniscal repair is performed at the time of ACLR has con-
tinued to grow1 partly because of advancements in arthro-
scopic meniscal repair techniques.

Meniscectomy increases the risk of developing knee oste-
oarthritis.15,41 This observation gives reason to believe that
meniscal repair leads to better clinical outcomes than does
meniscectomy. However, this conclusion cannot be drawn
from results in the literature. A recent systematic review
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and meta-analysis found that patients who undergo ACLR
with concomitant meniscal resection demonstrate better
outcomes at 2-year follow-up compared with those who
undergo ACLR combined with meniscal repair.43 Although
lateral meniscectomy has been found to decrease lateral
compartment joint space width significantly, lateral menis-
cal repair does not appear to pose the same risk.21 Con-
versely, repair and excision of medial meniscal tears have
been identified as predictors for radiographic evidence of
osteoarthritis in the medial compartment.22 Likewise, infe-
rior patient-reported outcomes and an increased risk of
reoperation have been associated with medial but not lat-
eral meniscal repairs as compared with isolated ACLRs
without concomitant meniscal pathology.5,11

In the setting of an acute ACL injury, lateral meniscal
tears are more commonly encountered than are medial
meniscal tears.4,45,48 Yet, the incidence of medial meniscal
repair at the time of ACLR is twice as high as that of lateral
repair.48,54 In 235 patients who underwent meniscal repair
at the time of ACLR, no significant difference in failure rate
was identified between medial (13.6%) and lateral (13.9%)
repairs. However, the average time to failure was signifi-
cantly shorter in patients with medial (2.1 ± 1.6 years) ver-
sus lateral (3.7 ± 1.3 years) meniscal repair.54

ACL graft type has not been examined previously as a
risk factor for meniscal repair failure. To this end, the pur-
pose of this study was to examine the influence of ACL graft
type on the outcome of meniscal repairs performed at the
time of ACLR. We hypothesized that meniscal repairs per-
formed at the time of ACLR with bone–patellar tendon–
bone (BTB) autografts would fail at a lower rate than would
those performed with allografts or soft tissue autografts.

METHODS

Setting and Study Population

The Multicenter Orthopaedic Outcomes Network (MOON) is
a prospective, longitudinal cohort that has followed ACLRs
performed at 7 institutions (Vanderbilt University, Nash-
ville, Tennessee; Cleveland Clinic Foundation, Cleveland,
Ohio; The Ohio State University, Columbus, Ohio; Univer-
sity of Iowa, Iowa City, Iowa; Washington University in St
Louis, St Louis, Missouri; Hospital for Special Surgery, New
York, New York; and University of Colorado, Boulder, Color-
ado) since 2002. Institutional review board approval was

obtained by each participating site before beginning patient
enrollment. One university operated as the data processing
center and was responsible for collecting and entering base-
line and follow-up data on all patients. The trial is registered
at ClinicalTrials.gov (NCT00463099). The methodology of
patient enrollment and data collection for this cohort has
been described in detail previously.11,20

This study was a retrospective review and analysis of the
abovementioned prospectively collected data. The inclusion
criterion for this study was meniscal repair at the time of
ACLR. Revision cases and those performed with a hybrid
ACL graft were excluded. Failure of meniscal repair was
defined as any subsequent surgical procedure addressing
the meniscus repaired at index surgery. This is consistent
with its definition in studies published previously reporting
meniscal repair outcomes.1,28,54 After identifying patients
with subsequent meniscal surgery, operative notes were
reviewed to accurately classify pathology and treatment
of meniscal reinjuries.

A total of 3294 participants underwent ACLR between
January 1, 2002, and December 31, 2008, and were initially
enrolled as part of the longitudinal prospective cohort
study. A concomitant meniscal repair was performed in
672 (20.4%) patients, and 2622 patients were excluded
owing to no meniscal repair. An additional 26 patients were
excluded because they had revision ACLRs or a hybrid ACL
graft (24 with revision ACLR and 2 with autograft-allograft
hybrid ACL grafts). The remaining 646 patients were
included in our analysis (Figure 1).

Data Sources and Measurement

After informed consent was obtained, we asked all patients
to complete a 13-page questionnaire inquiring about base-
line characteristic information, injury descriptors, and val-
idated patient-reported outcome measures including the
Marx activity rating scale.32 Questions from the Marx
activity rating scale pertained to the patient’s activity level
from the past year. Thus, scores were likely to reflect the
patient’s preinjury activity level on a scale from 0 (lowest
activity level) to 16 (highest activity level).

Surgeons completed detailed questionnaires at the time
of surgery. Documentation included knee laxity during
examination under anesthesia prior to ACLR, surgical
technique, graft type, and arthroscopic findings and treat-
ment of meniscal injuries. Meniscal injuries were classified
by size, location, and partial versus complete tears, whereas
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treatment was recorded as not treated, repair, or extent of
resection.14 Interrater reliability among included surgeons’
classification and treatment of meniscal pathology has been
established previously.14 Postoperatively, patients were
given a uniform set of standardized, evidence-based rehabil-
itation guidelines.55

All participating sites mailed completed data forms to the
data processing center. Questionnaires (patient and sur-
geon forms) were scanned via Teleform software (Open-
Text) using optical character recognition. After data in
the scanned forms were verified, they were exported to a
master database and checked using a series of logical error
and quality control tests. In cases where checks failed, ver-
ification against source documents was carried out to
ensure accuracy prior to data analysis.

Follow-up

The same questionnaire that patients completed at baseline
(defined as the time of index ACL surgery) was readminis-
tered and returned via mail at 2- and 6-year follow-up. All
patients were also contacted to determine whether they had
undergone any additional surgical knee procedures since the
time of index surgery. In cases in which an additional
surgical knee procedure was reported, every effort was
made to obtain the corresponding operative report. Follow-
up was managed at the designated data processing center.
In addition, surgeon investigators and/or their respective
sites assisted in contacting patients to achieve and
maintain a high level of follow-up.

Of the 646 patients who initially had a meniscal repair
done at the time of their index ACLR, 586 patients (91%)
were available for follow-up. The remaining 9% were lost to

follow-up (7.6%, unable to reach; 1%, refused; <1%, incar-
cerated; <1%, deceased).

Statistical Analysis

Description of the cohort was performed using counts and
percentages for categorical data (sex, ACL graft type,
meniscal repair location, and the occurrence of meniscal
repair failure). The median value and interquartile range
(IQR) were reported when describing numerical data (age,
body mass index [BMI], and baseline Marx activity level). A
logistic regression model was built to assess the association
of ACL graft with the occurrence of meniscal repair failure
6 years following index surgery. Age, sex, BMI, baseline
Marx activity level,32 and meniscal repair location (medial
or lateral) were evaluated as possible confounding or effect-
modifying variables. Any missing baseline data were singly
imputed using Multiple Imputation by Chained Equa-
tions.51 For numerical variables (age, BMI, Marx activity
level), odds ratios (ORs) were computed by comparing the
25th percentile relative to the 75th percentile. Statistically
significant results from the logistic regression model were
determined using 95% confidence intervals (CIs) that did
not include the null value (1). To analyze the relative con-
tribution of individual predictors, the amount of decrease in
bootstrap-validated concordance probability (C-index) was
evaluated upon removal of each covariate from the full
model. All statistical analyses were performed using R
open-source statistical software (Version 3.4; R Foundation
for Statistical Computing).

RESULTS

Table 1 summarizes the baseline characteristics of the
studied cohort. The study population was composed of 365
male patients (56.5%) and 281 female patients (43.5%). The
median age was 20 years at the time of index surgery. The
medial meniscus was repaired in 420 patients (65%), and
the lateral meniscus was repaired in 187 patients (29%). A
total of 39 patients (6%) underwent repair of both the
medial and the lateral menisci at the time of ACLR. ACL
graft choice comprised 360 (56%) BTB autografts, 219 (34%)
soft tissue autografts, and 67 (10%) allografts. Of the 219
soft tissue autografts, 218 were hamstring (159 semitendin-
osus and gracilis; 59 semitendinosus), and 1 was an ilioti-
bial band over-the-top procedure for a pubescent male
patient. Of the 67 allografts used, 22 were BTB, 36 were
anterior/posterior tibialis, 8 were Achilles tendon, and 1
was a combination hamstring (semitendinosus and gracilis)
plus tibialis graft. The allografts in this study were predom-
inantly fresh frozen, without proprietary processing, and
were nonirradiated or irradiated <2.5 mRad.

Outcomes at 6-Year Follow-up

We identified 101 patients (15.6%) with a documented
meniscal repair failure. Revision meniscal surgeries
included 89 partial meniscectomies, 11 revision meniscal
repairs, and 1 meniscal allograft transplantation. Of the
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No meniscal repair (n = 2622)

Initial Cohort
n = 3294

Eligible Cohort
n = 672

Final Cohort
n = 646

- Hybrid graft (n = 2)
- Revision ACL surgery (n = 24)

Figure 1. Flowchart of patient enrollment. ACL, anterior
cruciate ligament.
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101 revision meniscal surgeries, 77 were for isolated menis-
cal pathology, and the remaining 24 were performed at the
time of revision ACLR (Table 2). Among the 24 failed ACL
grafts, 12 were soft tissue autografts (50%), 9 were BTB
autografts (37.5%), and 3 were allografts (12.5%). In
patients who underwent repair of only the medial or lateral
meniscus, a documented failure was identified in 74 of 420
medial repairs (17.6%) compared with 15 of 187 (8.0%) lat-
eral repairs. A total of 39 patients underwent repair of both
the medial and the lateral menisci, 12 (30.7%) of whom
required subsequent meniscal surgery. Of these, the medial
repair failed in 7 patients (58.3%), the lateral repair failed
in 1 patient (8.3%), and both medial and lateral repairs
failed in 4 patients (33.3%).

Table 3 summarizes the morphology of all meniscal tears
and the surgical technique employed at index surgery. The
surgical technique employed for ACLR among our cohort is
summarized in Table 4. Theoretically, the percentage of the
cohort should equal the expected percentage of the number
of meniscal failures. Based on a post hoc chi-square analy-
sis, no significant differences were found in surgical tech-
nique (P ¼ .59), femoral fixation (P ¼ .86), or tibial fixation
(P ¼ .39).

Among the 360 patients who underwent ACLR with a
BTB autograft, 50 (13.9%) had a documented meniscal
repair failure at 6-year follow-up. The median time to revi-
sion meniscal surgery in the BTB autograft group was 22.5
months (IQR, 14.3-40.5 months). A documented meniscal
repair failure was identified in 38 of 219 patients (17.4%)
with a soft tissue autograft ACLR after a median time of
21.5 months (IQR, 10.6-35.4 months). Finally, of the 67
patients in the allograft ACLR group, 13 (19.4%) were
found to have a documented failure of meniscal repair after
a median time of 13.1 months (IQR, 6.4-22.7 months). Sub-
group analysis of the 622 patients who did not undergo

revision ACLR demonstrated that meniscal repair failure
occurred in 41 of 351 patients with BTB autografts (11.7%),
26 of 207 patients with soft tissue autografts (12.6%), and
10 of 64 patients with allografts (15.6%). Table 5 stratifies
the baseline characteristics of our cohort by ACL graft type
and the occurrence of meniscal repair failure.

Patient-Specific Risk Factors

The logistic regression model demonstrated a significant
difference in the risk of meniscal repair failure among ACL
graft types (Table 6). The odds of meniscal repair failure
within 6 years of index surgery for the BTB autograft group
were 2.34 times lower than were those of the allograft group
(95% CI, 1.12-4.92; P ¼ .02). The odds of failure within 6
years of surgery were 68% less with lateral versus medial
repairs (95% CI, 41%-83%; P < .001). We identified a sig-
nificant, nonlinear relationship between baseline Marx
activity level and the risk of meniscal repair failure. That
is, patients with low (0-1 points) or high (15-16 points) base-
line activity levels were at higher risk of meniscal repair
failure compared with patients with midrange (7-9 points)
activity levels (OR, 1.17; 95% CI, 1.05-1.31; P¼ .004 (Figure
2). No significant differences in meniscal repair failure rate
were observed based on patient age (OR, 0.87; 95% CI, 0.6-
1.3; P¼ .48), sex (OR, 0.91; 95% CI, 0.6-1.5; P¼ .69), or BMI
(OR, 0.80; 95% CI, 0.6-1.1; P ¼ .13).

TABLE 2
Baseline Characteristics of Patients With Meniscal Repair

Failure Stratified by Concomitant Revision ACL
Reconstructiona

Variable

Isolated
Meniscal Repair

Failure
(n ¼ 77)

Failure of Meniscal
Repair and ACL

Graft
(n ¼ 24)

Age, y 19 (16.5, 27.5) 16.5 (15, 18)
Sex

Female 38 (49.4) 9 (37.5)
Male 39 (50.6) 15 (62.5)

BMI 24.4 (22, 26) 23.2 (20, 26)
Marx activity level (0–16) 16 (14, 16) 16 (12, 16)
ACL graft type

BTB autograft 41 (53.2) 9 (37.5)
Soft tissue autograft 26 (33.8) 12 (50)
Allograft 10 (13) 3 (12.5)

Side of meniscal repair
Medial 61 (79) 13 (54)
Lateral 6 (8) 9 (38)
Both 10 (13) 2 (8)

Side of revision meniscal
surgery

Medial 7 (70) 0 (0)
Lateral 1 (10) 0 (0)
Both 2 (20) 2 (100)

aData are reported as median (25%, 75% quartiles) for numeric
variables and counts (%) for categorical variables. ACL, anterior
cruciate ligament; BMI, body mass index; BTB, bone–patellar
tendon—bone.

TABLE 1
Baseline Patient Characteristics and Surgical Detailsa

Variable Value

Age, y 20 (16, 28)
Sex

Female 281 (43.5)
Male 365 (56.5)

BMI 24 (22, 27)
Missing/not reported 11 (2)

Marx activity level (0–16) 14 (9, 16)
Missing/not reported 4 (1)

ACL graft
BTB autograft 360 (56)
Soft tissue autograft 219 (34)
Allograft 67 (10)

Meniscal repair location
Medial 420 (65)
Lateral 187 (29)
Both 39 (6)

aData are reported as median (25%, 75% quartiles) for numeric
variables and counts (%) for categorical variables and number of
participants with missing data. ACL, anterior cruciate ligament;
BMI, body mass index; BTB, bone–patellar tendon–bone.
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Relative Strength of Association Between Predictor
Variables and Failure

The relative strength of associations between each predic-
tor variable and the risk of meniscal repair failure at 6 years
is shown in Figure 3. It was found that meniscal repair
location (medial vs lateral) and baseline Marx activity level
were the main 2 drivers of the outcome. Of all tested

variables, ACL graft type was ranked third, demonstrating
predictive ability when included in the model.

DISCUSSION

In the setting of meniscal repairs performed concomitantly
with ACLR, the risk of subsequent meniscal repair failure
may differ based on ACL graft choice. Specifically, the risk
of failure may increase >2-fold when ACLR is performed
using an allograft compared with a BTB autograft. There
was no significant difference in risk of meniscal repair fail-
ure between patients who underwent ACLR with BTB and
soft tissue autografts. The allografts in this study were pre-
dominantly fresh frozen, without proprietary processing,
and were nonirradiated or irradiated <2.5 mRad. In a sys-
tematic review by Roberson et al,39 it was noted that com-
paring allograft processing techniques is difficult owing to
differences in the various methods and lack of pertinent
details when reported in the literature. Nevertheless, the
results of our study should be considered when choosing an
ACL graft source for patients who have repairable meniscal
tears at the time of ACLR, as allografts may lead to an
increased risk of meniscal repair failure.

In our series, only 2 patients with allograft-autograft
hybrid ACLR and concomitant meniscal repair were identi-
fied. These patients were excluded from the logistic regres-
sion model owing to the small sample size. Burrus et al8

investigated the clinical outcomes of ACLR with autograft-
allograft hybrid soft tissue grafts compared with hamstring
autograft. The authors reported a higher rate of meniscal
repair failure with hybrid (38.5%) versus autograft (14.2%)
ACLR after a mean follow-up period of approximately 4
years. Similarly, Salem et al42 identified a higher risk of
meniscal repair failure with hamstring (35%) versus BTB
(14.3%) autografts in young female patients aged 15 to
20 years, and more than two-thirds of failures in the

TABLE 3
Summary of Meniscal Tear Morphology and Repair Techniquea

Medial Meniscal Repairs Lateral Meniscal Repairs

Total (n ¼ 459) Failed (n ¼ 86) Total (n ¼ 226) Failed (n ¼ 27)

Tear length, mm 15 (12, 18) 15 (13, 18) 15 (12, 20) 15 (15, 20)
Tear pattern

Longitudinal 387 (84) 73 (19) 174 (77) 23 (13)
Bucket handle 55 (12) 7 (13) 27 (12) 2 (7)
Oblique 7 (1.5) 3 (43) 9 (4) 0 (0)
Complex 2 (0.4) 0 (0) 7 (3) 1 (14)
Radial 0 (0) 0 (0) 3 (1.3) 1 (33)
Horizontal 1 (0.2) 0 (0) 5 (2.2) 0 (0)
NA 7 (1.5) 3 (43) 1 (0.4) 0 (0)

Repair technique
All inside 407 (89) 78 (19) 207 (92) 25 (12)
Inside out 36 (8) 5 (14) 15 (7) 2 (13)
Inside out and all inside 8 (1.7) 0 (0) 0 (0) 0 (0)
Outside-in 6 (1.3) 3 (50) 4 (1.8) 0 (0)
NA 2 (0.4) 0 (0) 0 (0) 0 (0)

aData are reported as median (25%, 75% quartiles) for numeric variables and counts (%) for categorical variables. NA, not available.

TABLE 4
Anterior Cruciate Ligament Reconstruction Technique

Meniscal
Repairs, n (%

of cohort)

Meniscal
Failures, n (%

of failures)

Surgical technique
1 incision 398 (62) 65 (64)
2 incision 248 (38) 36 (36)
Total 646 (100) 101 (100)

Femoral fixation
Cross pin 54 (8) 11 (11)
Interference screw 371 (57) 53 (52)
Interference screw þ suture 3 (<1) 1 (<1)
Other 23 (4) 5 (5)
Suture þ button/Endobuttona 190 (29) 30 (30)
Suture þ post 5 (<1) 1 (<1)
Total 646 (100) 101 (100)

Tibial fixation
Combination 9 (1) 2 (2)
Interference screw 471 (73) 69 (69)
Interference screw þ suture 9 (1) 2 (2)
Other 91 (14) 14 (14)
Staple tissue 12 (2) 3 (3)
Suture þ button/Endobuttona 12 (2) 0 (0)
Suture þ post 42 (7) 11 (11)
Total 646 (100) 101 (100)

aEndobutton manufactured by Smith & Nephew, Inc.
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hamstring group occurred in patients with allograft augmen-
tation of an inadequately sized autograft. However, neither of
these studies used a multivariate analysis to control for
medial versus lateral meniscal repair or activity level. Both
of these factors, as well as ACL graft type, were shown to be
independent predictors of meniscal repair failure in our
study.

Although the exact mechanism behind these findings is
unknown, we propose 2 possible explanations. The first is
related to the biomechanical influence of graft choice in

ACLR. The ACL is the primary restraint to anterior and
rotational knee translation, and the medial and lateral
menisci serve as secondary knee stabilizers in these respec-
tive directions.6,17,26,34,35,46,47,52 Intuitively, a graft that
provides less stability than the native ACL provides may
subject the menisci to increased strain and, thus, create a
suboptimal environment for a repair to heal adequately.
This notion is supported by a biomechanical investigation
that found ACL insufficiency to increase the amount of
strain placed on the medial meniscus in knees resisting
an anterior tibial load.2 In another cadaveric study, longi-
tudinal meniscal tears in the posterior horn of the medial
meniscus demonstrated significantly wider gaps after ACL
transection.31 In a recent systematic review and meta-
analysis evaluating the outcomes of ACLR with concomi-
tant meniscal surgery, it was found that ACLR combined
with meniscal repair results in decreased anterior knee
laxity compared with ACLR combined with meniscal resec-
tion.43 ACLR with BTB autograft has been shown to pro-
vide increased knee stability compared with soft tissue
autografts and allografts.12,19,25,44,56 Perhaps, this
increased stability enhances healing conditions for menis-
cal repairs.

Considering the potential effect of ACL laxity on menis-
cal repair success, graft rupture is worthy of individual
mention. Previous literature has implicated graft type as
a predictor of failed ACLR, and ACL insufficiency has been
shown to expose medial meniscal tears to higher loads.2,3,31

It is known that the risk of ACL reinjury is increased with
allografts compared with autografts23,30 and with soft tis-
sue autografts compared with BTB autografts, particularly
in young athletes.24,30,42 In the current study, subsequent
meniscal surgeries that were performed concomitantly
with revision ACLR were included in our analysis.
Although including this subset of patients may have

TABLE 5
Baseline Characteristics Stratified by ACL Graft Type and Occurrence of Meniscal Repair Failurea

BTB Autograft Soft Tissue Autograft Allograft

Variable
Total

(n ¼ 360)
Success

(n ¼ 310)
Failure
(n ¼ 50)

Total
(n ¼ 219)

Success
(n ¼ 181)

Failure
(n ¼ 38)

Total
(n ¼ 67)

Success
(n ¼ 54)

Failure
(n ¼ 13)

Age 18
(16, 26)

19
(16, 26)

18
(15, 22)

22
(16, 28)

22
(17, 29)

18.5
(15, 27)

28
(18, 37)

28
(22, 38)

17
(17, 34)

Sex
Male 205 (57) 178 (87) 27 (13) 127 (58) 105 (83) 22 (17) 33 (49) 28 (85) 5 (15)
Female 155 (43) 132 (85) 23 (15) 92 (42) 76 (83) 16 (17) 34 (51) 26 (76) 8 (24)

BMI 24.4
(22, 27)

24.4
(22, 27)

24.4
(22, 25)

24.4
(22, 27)

24.4
(22, 27)

24.7
(22, 27)

25.8
(23, 31)

26.6
(23, 31)

23.0
(20, 29)

Missing 8 6 2 3 3 0 0 0 0
Marx activity level 15

(9, 16)
14.5

(9, 16)
16

(12, 16)
14

(9, 16)
13

(9, 16)
16

(12, 16)
12

(4, 16)
9

(4, 13)
16

(12, 16)
Missing 3 3 0 1 1 0 0 0 0

Meniscal repair location
Medial 255 (71) 213 (84) 42 (16) 126 (57) 101 (80) 25 (20) 39 (58) 32 (82) 7 (18)
Lateral 91 (25) 87 (96) 4 (4) 72 (33) 65 (90) 7 (10) 24 (36) 20 (83) 4 (17)
Both 14 (4) 10 (71) 4 (29) 21 (10) 15 (79) 6 (21) 4 (6) 2 (50) 2 (50)

aData are reported as median (25%, 75% quartiles) for numeric variables, counts (%) for categorical variables, and number of participants
with missing data (not reported). ACL, anterior cruciate ligament; BMI, body mass index; BTB, bone–patellar tendon–bone.

TABLE 6
Odds of Meniscal Repair Failure as Estimated Using a

Logistic Regression Modela

Variable Odds Ratio (95% CI) P Value

Age 0.87 (0.60-1.27) .48
Sex

Male Reference
Female 0.91 (0.57-1.45) .69

BMI 0.80 (0.59-1.07) .13
Baseline activity level

Linear 0.89 (0.79-1.00) .05
Nonlinear 1.17 (1.05 -1.31) .004

ACL graft type
BTB autograft Reference
Soft tissue autograft 1.41 (0.87-2.30) .17
Allograft 2.34 (1.12-4.92) .02

Meniscal repair location
Medial Reference
Lateral 0.32 (0.17-0.59) < .001
Both 1.73 (0.80-3.77) .16

aBold values indicate statistical significance. ACL, anterior cru-
ciate ligament; BMI, body mass index; BTB, bone–patellar ten-
don—bone.
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compromised the internal validity of our study, it strength-
ened its external validity by minimizing selection bias. In
doing so, our findings are more generalizable and, thus,
translatable to the care of our patients.18,50 Meniscal pres-
ervation is key to the long-term health of the knee. In the
setting of a meniscal repair, the surgeon must be aware
that ACL allografts may increase the risk of meniscal
repair failure when the graft is intact and these allografts
tear at a higher rate, which also puts the meniscal repair
at risk.

Our second potential explanation pertains to the bio-
chemical effect of intra-articular allograft transplants. It
has been shown that serum erythrocyte sedimentation rate
and C-reactive protein levels are increased in patients with
allograft versus autograft ACLR.27 Although a thorough
discussion of specific biomarkers and their effect on the
healing capacity of meniscal tissue is beyond the scope of
the current study, the interplay between pro- and anti-
inflammatory conditions and the activity of meniscal fibro-
chondrocytes has been well described.9,10,13,16,29,49 In a
recent study, Cook et al10 described how proinflammatory
mediators directly influence degradative processes of the
meniscus. Moreover, it has been shown that some inflam-
matory cytokines have a more potent degradative effect on
meniscal tissue compared with cartilage.33,36,37 The alloim-
munogenic response evoked by donor grafts may hinder the
healing process in repaired menisci and contribute to an
increased risk of failure. Conversely, it can be argued that
an increased inflammatory response may result in
improved wound healing, but in vivo studies on this topic
may be necessary.

Our multivariate analysis revealed no significant rela-
tionship between meniscal repair failure and patient age
at the time of index surgery. Among patients with a failed
meniscal repair, the distribution of age was similar across
the BTB autograft (18 years; IQR, 15-22 years), soft tissue
autograft (18.5 years; IQR, 15-27 years), and allograft
(17 years; IQR, 16.5-33.5 years) groups. However, age
appeared to be more widely distributed among all patients

regardless of the outcome, with a stepwise increase in
median age from the BTB autograft (18 years; IQR, 16-26
years) to the soft tissue autograft (22 years; IQR, 16-28
years) and allograft (28 years; IQR, 18-37 years) groups
(Table 3). Lyman et al28 identified younger age as an inde-
pendent risk factor for meniscectomy after meniscal repair
using multivariate regression analysis. In the current
study, patients in the BTB autograft group appeared to be
the youngest and still experienced the lowest rate of menis-
cal repair failure compared with the allograft (oldest)
group.

We identified a significantly increased risk of failure fol-
lowing medial versus lateral meniscal repair. The odds of
failure within 6 years of surgery for patients with only a
lateral meniscal repair were 68% less than were those with
only a medial meniscal repair. A previous study utilizing
the first 3 years of the same database (enrollment between
2002 and 2004) with identical follow-up length and defini-
tion of repair failure investigated the operative success of
meniscal repair when performed concurrently with
ACLR.54 The authors found similar failure rates after
medial (13.6%) and lateral (13.9%) meniscal repair. How-
ever, the sample size in the present study is almost 3 times
larger and thus allowed us to identify a significantly
increased failure rate with medial (17.6%) versus lateral
(8.0%) repairs. Lyman et al28 evaluated risk factors for sub-
sequent meniscectomy after meniscal repair in 9529
patients and, similar to the present study, found an
increased risk with medial versus lateral repair. In our
series, there was insufficient evidence to show a difference
in risk of meniscal repair failure in patients with simulta-
neous medial and lateral repair compared with those with
only a medial meniscal repair. Similarly, in a consecutive
series of 918 patients, Ronnblad et al40 reported that medial
meniscal repairs had a higher failure rate than lateral
meniscal repairs had. This may suggest that the medial
repair is what increases risk, regardless of whether the

Figure 2. Profile plot of the relationship between baseline
Marx activity rating score (range, 0-16 points) and risk of sub-
sequent meniscal repair.

Figure 3. Relative variable importance by the decrease in
bootstrap-validated concordance probability (C-index) upon
removal from the full model. ACL, anterior cruciate ligament;
BMI, body mass index.
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lateral meniscus was also repaired. However, only 39
patients had both medial and lateral repairs, so it is possi-
ble there was inadequate power to detect the difference if it
does exist.

The current study has several strengths. To the best of
our knowledge, this is the first effort to analyze the effect of
ACL graft type on the outcomes of meniscal repair when
performed at the time of ACLR. The large-scale, multicen-
ter nature of our study allows for improved external valid-
ity by including patients in 6 different states who
underwent surgery at 7 distinct institutions. Before this
investigation, the largest cohort of patients with long-
term follow-up who underwent combined meniscal repair
and ACLR was 235 patients.54 By utilizing the same data-
base with nearly a 3-fold increase in sample size, the pre-
sent study identified a significantly increased risk of failure
with medial versus lateral meniscal repairs. This difference
was not identified in the previous study, possibly because of
type 2 error.

Limitations

Our study is not without limitations. Although the gener-
alizability of our results is improved by the inclusion of
multiple surgeons, this also has the potential of introducing
confounding variables based on individual surgeon prefer-
ences. These include repair technique, type of suture or
implant, decision to repair versus excise, choice of ACL
graft, and graft placement technique. As the surgeon who
chooses the graft type also makes the decision to repair the
meniscus and which technique to employ, there may be a
relationship between the surgeon and the outcome that is
unrelated to graft choice. Another limitation is the lack of
proof that ACL grafts were functionally intact without
arthrometric or pivot-shift data. Patients who underwent
revision ACLR at the time of subsequent meniscal surgery
were included in our analysis. This may have affected the
internal validity of our study; however, it strengthened its
external validity by minimizing selection bias. In addition,
the number of patients who underwent hybrid allograft-
autograft ACLRs was small (n ¼ 2), so these patients were
excluded from our analysis. Last, based on our definition of
surgical failure, patients with inadequate healing of a
meniscal repair who did not undergo further surgical treat-
ment were not included in our results.

CONCLUSION

ACL graft type was found to influence the outcome of
meniscal repairs performed at the time of ACLR in that
meniscal repairs failed at the lowest rate when concomitant
ACLR was performed using a BTB autograft. Meniscal
repairs performed at the time of ACLR with allograft were
2.3 times more likely to fail compared with those with BTB
autograft. There were no differences for autograft BTB and
hamstring grafts. Thus, regardless of patient age or activity
level, the use of allograft is discouraged when a repairable
meniscal tear is encountered at the time of ACLR. The odds
of failure were significantly higher following medial versus

lateral meniscal repair. Patients with low or high baseline
activity levels were also at an increased risk. Of the tested
variables, meniscal repair location (medial vs lateral) and
baseline activity level were the 2 main drivers of meniscal
repair outcomes, and ACL graft type was ranked third.
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