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Background: The effect of a concurrent cartilage procedure in lateral meniscal allograft transplantation (MAT) in patients with
bipolar cartilage lesions (high-grade lesions on both the femoral and the tibial side) is not well studied. An objective evaluation
of graft status after MAT and a concurrent cartilage procedure has not been reported.

Purpose: To investigate the effect of concurrent cartilage procedures and lateral MAT on objective and clinical outcomes, includ-
ing survival, in patients with bipolar cartilage lesions.

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

Methods: A total of 149 patients with high-grade (International Cartilage Regeneration & Joint Preservation Society grade 3 or
4) cartilage lesions were enrolled and assigned to 1 of 3 groups based on the cartilage procedure and cartilage status at the
time of MAT. Femoral cartilage procedures (microfracture, n = 18; osteochondral autograft transfer, n = 13) and lateral MAT
were performed in 31 patients with bipolar cartilage lesions (cartilage procedure group). Another 70 patients with bipolar lesions
underwent only lateral MAT without cartilage procedure (bipolar lesion group). The remaining 48 patients, who had high-grade
lesions only on the tibial side and underwent lateral MAT without a cartilage procedure, were selected as a control group
(unipolar lesion group). Anatomic survival was objectively assessed by follow-up magnetic resonance imaging and second-
look arthroscopy. Clinical survivorship was determined with a Lysholm score\65 or need for additional surgery, such as revi-
sion MAT.

Results: The mean Lysholm score improved from 67.2 6 15.9 preoperatively to 86.7 6 11.1 with a mean follow-up of 78.0 6 51.2
months (P\ .001). The postoperative scores were not significantly different between the 3 groups. The estimated 5-year ana-
tomic survival rate in the cartilage procedure group (86.7%) was higher than that in the bipolar lesion group (65.0%; P = .043)
but comparable with that in the unipolar lesion group (90.2%; P = .572). The estimated 5-year clinical survival rates were not sig-
nificantly different between the groups (P = .187).

Conclusion: A concurrent femoral cartilage procedure improved the anatomic survival rate in patients with bipolar chondral
lesions who underwent lateral MAT. This finding suggests that the cartilage procedure is an effective treatment choice and
may improve the status of an allograft after lateral MAT for patients with bipolar cartilage lesions.
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Meniscal allograft transplantation (MAT) is an effective
treatment choice in patients with postmeniscectomy syn-
drome.1,10,11,14 Unfortunately, a considerable number of car-
tilage lesions are observed preoperatively in approximately

30% to 50% of patients and are closely associated with sur-
vival after MAT.6,8,12 A previous study showed that patients
with bipolar cartilage lesions, high-grade lesions on both the
femoral and the tibial sides, had a lower graft survival rate
than patients with intact cartilage or those with high-grade
lesions on only 1 side.9

Various cartilage procedures, including osteochondral
allograft and microfracture, are typically performed on
femoral cartilage lesions to improve the outcomes after
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MAT.3,13,15,16 However, previous studies have not consid-
ered the presence of bipolar cartilage lesions in patients
undergoing these procedures, despite its effect on outcomes
after MAT. To our knowledge, no studies have been con-
ducted on the effects of femoral cartilage procedures with
MAT for patients with bipolar cartilage lesions.

Stone et al19 reported that a combined cartilage proce-
dure and MAT significantly improved pain, activity, and
function at various follow-up periods. Saltzman et al16

reported that patients who underwent concurrent cartilage
procedures on chondral defects and those who underwent
only MAT had similar clinical outcomes and complications.
However, previous studies focused only on clinical out-
comes and did not objectively evaluate allografts by
follow-up magnetic resonance imaging (MRI) or second-
look arthroscopy.

We evaluated whether the femoral cartilage procedure
would improve objective and clinical outcomes, including
survivorship, in patients with bipolar cartilage lesions
who underwent lateral MAT. We hypothesized that the
cartilage procedure would improve MAT survival rates to
a level comparable with that in patients with unipolar car-
tilage lesions only on the tibial side.

METHODS

Patient Selection and Study Design

The study was approved by our institutional review board.
The records of 442 consecutive patients who underwent
lateral MAT between March 1998 and March 2020 were
retrospectively reviewed. Physically active patients with
persistent localized knee pain or discomfort in the lateral
compartment after subtotal or total lateral meniscectomy
were eligible to undergo lateral MAT. A minimum pre-
served joint space of 2 mm was confirmed on posteroante-
rior weightbearing radiographs under 45� of flexion.
Valgus malalignment .5� was corrected by a varization
femoral osteotomy, and ligament insufficiency was stabi-
lized by ligament reconstruction before or during lateral
MAT. Diffuse degenerative arthritis that was Interna-
tional Cartilage Regeneration & Joint Preservation Society
(ICRS) grade 3 or 4 was a contraindication for MAT. How-
ever, localized grade 3 or 4 articular cartilage lesions con-
fined to the area covered by the meniscal transplant were
allowed. Osteochondral autograft transfer (OAT) or micro-
fracture was performed as a concurrent cartilage proce-
dure depending on the size, location, and depth of the
cartilage lesions. However, only femoral lesions on weight-
bearing portions were repaired, because tibial cartilage
lesions were difficult to approach anatomically and were

associated with unfavorable outcomes.7 Cartilage proce-
dures were considered for 1- to 4-cm2 lesions. OAT was
used when the subchondral bone was involved based on
preoperative MRI scans or when the previous cartilage
procedure had failed.2 Microfracture was considered
when OAT could not be performed, for reasons such as
the difficulty of the approach.2,4 The mean 6 SD size of
femoral chondral lesions in the cartilage procedure group
was 1.84 6 0.84 cm2. The mean size of cartilage lesions
for OAT and microfracture was 1.76 6 0.64 cm2 and 2.12
6 0.99 cm2, respectively.

The inclusion criteria were as follows: (1) primary lat-
eral MAT with a minimum 2-year follow-up including early
failure and (2) presence of high-grade (ICRS grade 3 or 4)
cartilage lesions at the time of MAT. The exclusion criteria
were as follows: (1) revision MAT, (2) no MRI after MAT,
and (3) low-grade cartilage lesions on the tibial side. A total
of 149 patients were enrolled in this study and assigned to
1 of 3 groups based on the presence of a cartilage procedure
and cartilage status (Figure 1). Concurrent femoral carti-
lage procedures (microfracture, n = 18; OAT, n = 13) and
lateral MAT were performed in 31 patients with bipolar
cartilage lesions (cartilage procedure group) (Figure 2, A
and B). Another 70 patients with bipolar lesions under-
went only lateral MAT without a cartilage procedure (bipo-
lar lesion group) (Figure 2, C and D). The remaining 48
patients, who had high-grade lesions only on the tibial
side and underwent lateral MAT without a cartilage proce-
dure, were selected as an additional control group in order
to compare the outcomes of patients with unipolar lesion
versus those in the cartilage procedure group (unipolar
lesion group) (Figure 2, E and F). There were no strict

Figure 1. Patient groups according to the presence of a car-
tilage procedure and cartilage status. MAT, meniscal allo-
graft transplantantion; MRI, magnetic resonance imaging.
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criteria on whether to perform a femoral cartilage proce-
dure in patients with bipolar lesions. Objective and clinical
outcomes, including survival rates, were compared
between the groups.

Surgical Technique and Rehabilitation

All lateral MATs were performed with size-matched, fresh-
frozen allograft by a single senior surgeon (S.-I.B.) using
the keyhole technique. The status of the cartilage, liga-
ments, and meniscus was evaluated through an arthro-
scopic examination, after which all remaining host
meniscus was resected. After tunnel preparation for the
bone bridge, the allograft was introduced through anterior
mini-arthrotomy. After confirming the optimal allograft
position, the surgeon performed a traditional inside-out
meniscal repair. Postoperatively, a 90� range of flexion
was gradually achieved within 4 weeks and 120� of flexion
by 6 to 8 weeks. Toe-touch weightbearing was allowed dur-
ing the first 2 weeks, and full weightbearing was allowed
at 6 to 8 weeks postoperatively. Patients were advised to
participate only in low-impact sports activities and light
labor in order to avoid the deterioration of the meniscal
allograft.

Postoperative Objective Evaluation and Clinical
Outcomes

Postoperative allograft status was evaluated through
follow-up MRI scans (Achieva 3T; Philips Healthcare) dur-
ing the first year and every 2 years with the patient’s
agreement. Second-look arthroscopic surgery was consid-
ered if a patient had persistent postoperative knee pain
and positive MRI findings for allograft tears or indications
such as debridement, adhesiolysis, and revision ligament
reconstruction. Depending on the pattern of the tear, it
was treated by arthroscopic trimming, partial meniscec-
tomy, or total meniscectomy. The clinical outcomes were
estimated using a modified Lysholm knee score immedi-
ately after surgery and every 1 or 2 years postoperatively
at follow-up visits.

Definition of MAT Failure

Failure was defined by objective and clinical evaluations.
Anatomic failure was determined objectively by the graft
status on follow-up MRI and second-look arthroscopy. Ana-
tomic failure was defined as an allograft tear involving
.50% of the graft on follow-up MRI or an unstable

Figure 2. Typical arthroscopic photographs in each group. (A and B) Intraoperative photograph of a 46-year-old woman in the
cartilage procedure group reveal high-grade chondral lesions on the lateral femoral condyle and tibial plateau and meniscal defi-
ciency. Lateral meniscal allograft transplantation (MAT) and a concurrent femoral cartilage procedure were performed. (C and D) A
40-year-old man in the bipolar lesion group had high-grade lesions on both sides and underwent only lateral MAT without a car-
tilage procedure. (E and F) A 39-year-old man in the unipolar lesion group had high-grade cartilage lesion only on the lateral tibial
plateau; this lesion was covered by a meniscal allograft.
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peripheral rim confirmed through second-look arthroscopy.
Clinical failure was defined as a Lysholm score\65 or the
requirement for additional surgery such as revision MAT,
realignment osteotomy, arthroplasty, or meniscectomy for
.50% of the allograft.17 Two orthopaedic surgeons (J.L.
and K.B.) who did not perform the surgeries independently
evaluated anatomic failure in a double-blind manner. Any
disagreements in the evaluation were resolved through
discussion.

Statistical Analysis

The senior author (S.-I.B.) evaluated the status of articular
cartilage with the ICRS grading system immediately after
surgery. The degeneration was considered low grade if car-
tilage lesions were ICRS grade 1 or 2 and high grade if
ICRS grade 3 or 4.

SPSS statistical software (Version 23.0; IBM) was used
for statistical analyses. A P value of \.05 was considered
statistically significant. The Student t test was applied to
verify differences in clinical outcomes. One-way analysis
of variance was performed between the groups using the
post hoc Tukey test to compare continuous variables, and
the chi-square test was used for categorical variables.
Kaplan-Meier survival analysis was performed using the
log-rank test to compare the anatomic and clinical survival
rates among the 3 groups. Patients with\2 years of follow-
up MRI scans were excluded from anatomic survival
analysis.

RESULTS

Patient Characteristics

The MRI and clinical follow-up rates of all patients
included in the study are presented in Table 1. In total,
31 of 31 patients in the cartilage procedure group, 63 of
70 patients in the bipolar lesion group, and 42 of 48
patients in the unipolar lesion group had a minimum 2-
year follow-up MRI scans, and an anatomic survival anal-
ysis was performed on these patients.

The patients’ characteristics are presented in Table 2.
For all patients, the mean 6 SD Lysholm score signifi-
cantly improved from 67.2 6 15.9 preoperatively to 86.7

6 11.1 at the last follow-up (P \ .001), at a mean of 78.0
6 51.2 months (range, 6-270 months). The mean Lysholm
scores at the last follow-up were not significantly different
between the 3 groups (85.9 6 11.1 for the cartilage proce-
dure group, 86.6 6 12.0 for the bipolar lesion group, and
87.5 6 9.8 for the unipolar lesion group; P = .700).

Survivorship Analysis

The disparity between anatomic and clinical survivorship
is presented in Table 3. Eight patients (25.8%) underwent
anatomic failure in the cartilage procedure group. Among
the 8 patients, 6 patients had an allograft tear covering
.50% of the graft on MRI evaluation, and the other
patients had an unstable peripheral rim on additional
arthroscopic examination. In the cartilage procedure
group, 4 patients had clinical failure. One patient had
a Lysholm score\65, and 3 patients underwent additional
surgery. Two patients underwent subtotal meniscectomy
because of an unstable peripheral rim, and 1 patient
underwent realignment osteotomy.

In the bipolar lesion group, 25 patients (39.7%) experi-
enced anatomic failure. Of the 25 patients, 15 patients
had an allograft tear covering .50% of the graft on MRI
evaluation, and the other 10 patients had an unstable
peripheral rim on additional arthroscopic examination.
Eleven patients experienced clinical failure, 1 of whom
had a Lysholm score of \65, and 10 patients underwent
subtotal meniscectomy because of an unstable peripheral
rim.

In the unipolar lesion group, 7 patients (16.7%) had
anatomic failure. Among the 7 patients, 4 patients had
an allograft tear covering .50% of the graft on MRI evalu-
ation, and the other 3 patients had an unstable peripheral
rim that was revealed on the additional arthroscopic exam-
ination. Four patients in the unipolar lesion group had
clinical failure. One patient had a Lysholm score of \65,
and 3 patients underwent subtotal meniscectomy because
of an unstable peripheral rim.

The estimated 5-year anatomic survival rate was signif-
icantly higher in the cartilage procedure group (86.7%)
than in the bipolar lesion group (65.0%; P = .043) but
was not significantly different than that in the unipolar
lesion group (90.2%; P = .572) (Figure 3).

The estimated 5-year clinical survival rates were not
significantly different between the groups (cartilage proce-
dure group, 89.8%; bipolar lesion group, 85.7%; unipolar
lesion group, 95.8%; P = .187) (Figure 4).

DISCUSSION

In the present study, postoperative scores and clinical sur-
vival rates were not significantly different between the
groups. However, a significant difference was found in
the anatomic survival rates upon meniscal allograft evalu-
ation through postoperative MRI or second-look arthros-
copy. Although patients in the cartilage procedure group
also had high-grade cartilage lesions on both the tibia

TABLE 1
MRI and Clinical Follow-up Rates of All Patients Included

in the Studya

Follow-up Point, y MRI Follow-up Clinical Follow-up

1 149 (100) 149 (100)
2 136 (91.3) 149 (100)
3 131 (87.9) 139 (93.3)
4 111 (74.5) 119 (79.8)
5 98 (65.8) 101 (67.8)

aData are expressed as n (%). MRI, magnetic resonance
imaging.
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and the femur, their 5-year anatomic survival rate was sig-
nificantly higher than that of patients in the bipolar lesion
group, who underwent lateral MAT only.

It may be important to improve graft survival after
MAT in patients with bipolar chondral lesions, which are
associated with inferior postoperative graft survival rates.
Lee et al9 reported that the outcomes after MAT were sim-
ilar between patients with intact cartilage and those with
unipolar lesions; however, patients with bipolar cartilage
lesions had a lower graft survival rate. Therefore, a concur-
rent cartilage procedure might be an important treatment
choice for these patients in order to improve their outcomes
after MAT. Nonetheless, to our knowledge, the effect of
a concurrent cartilage procedure in patients with bipolar
chondral lesions has not been reported.

Favorable clinical outcomes have been reported for con-
current cartilage procedure and MAT.5,16,19 Harris et al5

performed a systematic review of 6 studies to compare

the outcomes of combined cartilage procedure and MAT
with isolated MAT. Those investigators reported that clin-
ical outcomes after combined MAT and cartilage procedure
were comparable with those after isolated MAT. However,
objective outcomes, which reflect the actual status of an
allograft, were not evaluated. Therefore, to the best of
our knowledge, the present study is the first to report
both objective and clinical outcomes after concurrent carti-
lage procedure and MAT.

We performed concurrent cartilage procedures and lat-
eral MAT in patients with bipolar cartilage lesions and
compared their objective and clinical outcomes with those
of patients who underwent lateral MAT only. The anatomic
and clinical survival rates in patients with bipolar lesions
who underwent lateral MAT only were congruent with
a previous study.9 The 5-year anatomic survival rate in
the cartilage procedure group was significantly higher
than that in the bipolar lesion group, despite the presence

TABLE 2
Patient Characteristics and Clinical Outcomes in the 3 Study Groupsa

Variable Overall Cartilage Procedure Group Bipolar Lesion Group Unipolar Lesion Group P

No. of patients 149 31 70 48
Age, y 35.4 6 10.0 36.6 6 8.5 36.8 6 10.1 32.7 6 10.5 .073
Sex, male:female, n 102:47 19:12 54:16 29:19 .099
Body mass index 24.6 6 3.3 24.7 6 3.3 24.6 6 3.1 24.5 6 3.6 .983
Alignment, degree 0.6 6 2.6 0.3 6 2.5 0.5 6 2.4 0.9 6 2.7 .476
Time from meniscectomy, mo 75.0 6 81.2 69.2 6 89.1 95.2 6 85.8 49 6 59.5 .009
Cartilage status, ICRS grade
Femur, grade 1:2:3:4, n 7:41:35:66 0:0:5:26 0:0:30:40 7:41:0:0 \.001
Tibia, grade 1:2:3:4, n 0:0:86:63 0:0:12:19 0:0:31:39 0:0:43:5 \.001

Femoral cartilage lesion, cm2 1.54 6 0.91 1.84 6 0.84 1.41 6 0.92 .028
Tibial cartilage lesion, cm2 1.68 6 1.00 2.07 6 0.87 1.69 61.09 1.41 6 0.86 .016

(.173b, .011c)
Follow-up period, mo 78.0 6 51.2 83.4 6 55.2 77.7 6 51.6 75.0 6 48.7 .779
Preoperative Lysholm score 67.2 6 15.9 66.6 6 14.3 66.3 6 17.2 69.4 6 15.2 .488
Last follow-up Lysholm score 86.7 6 11.1 85.9 6 11.1 86.6 6 12.0 87.5 6 9.8 .700

aData are expressed as mean 6 SD unless otherwise noted. Boldface indicates statistical significance. ICRS, International Cartilage
Repair Society.

bDetermined with post hoc analysis between the cartilage procedure group and bipolar lesion group.
cDetermined with post hoc analysis between the cartilage procedure group and unipolar lesion group.

TABLE 3
Objective and Clinical Evaluations of Survivorship in the 3 Study Groups

Objective Evaluation Clinical Evaluation

No. of
Patients

Anatomic
Failure, n (%)

Estimated Cumulative
5-Year Anatomic
Survival Rate,
% (95% CI)

No. of
Patients

Clinical
Failure, n (%)

Estimated Cumulative
5-Year Clinical
Survival Rate,
% (95% CI)

Cartilage procedure group 31 8 (25.8) 86.7 (74.5-98.9) 31 4 (12.9) 89.8 (78.8-100)
Microfracture 18 4 (22.2) 87.7 (71.6-100) 18 3 (16.7) 88.5 (73.6-100)
Osteochondral autograft transfer 13 4 (30.8) 84.6 (65.0-100) 13 1 (7.7) 92.3 (77.8-100)

Bipolar lesion group 63 25 (39.7) 65.0 (52.3-77.7) 70 11 (15.7) 85.7 (77.5-93.9)
Unipolar lesion group 42 7 (16.7) 90.2 (81.0-99.4) 48 4 (8.3) 95.8 (90.1-100)
Overall 136 40 (29.4) 78.2 (70.9-85.5) 149 19 (12.8) 89.8 (84.9-94.7)
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of high-grade femoral and tibial cartilage lesions in both
groups. Saltzman et al16 performed cartilage procedures
in 69 patients with full-thickness chondral defects and
compared their clinical outcomes with those of patients
without chondral defects, reporting no significant differ-
ence between the groups. Similar to Saltzman et al, we
found no significant difference in clinical outcomes and
clinical survival rates between groups in the current study.
However, anatomic survival rates, which reflect the actual
status of the allograft, were significantly different between
the cartilage procedure group and the bipolar lesion group.
This result suggests that concurrent cartilage procedures
might improve the postoperative graft status of patients
with bipolar cartilage lesions.

Because of the demographic heterogeneity between the
cartilage procedure group and the bipolar lesion group,
an additional comparison was performed with patients
who had unipolar cartilage lesions. Femoral cartilage pro-
cedures were performed on patients with bipolar lesions to
achieve outcomes comparable with those of the unipolar
lesion group. The results showed that anatomic and clini-
cal survival rates were not different between the cartilage
procedure group and the unipolar lesion group at midterm
follow-up, indicating that the femoral cartilage procedures
were effective.

In our study, although the anatomic survival rate was
significantly higher in the cartilage procedure group com-
pared with the bipolar lesion group, we found no signifi-
cant difference in clinical outcomes. The mismatch
between clinical outcomes and anatomic survival rates
has been reported in previous studies.4,9,18,20 It could be
explained by the fact that the remaining tissue of a failed
allograft could partly perform normal meniscal functions
to release pain in a meniscus-deficient knee. The present

study focused on only the midterm results for 5 years, con-
sidering the follow-up period. Therefore, it would be neces-
sary to evaluate whether the clinical outcomes are
maintained in patients with anatomic failure, even in
long-term results for 10 years and �15 years.

This study had several limitations. First, its retrospec-
tive nature may lead to selection bias. In addition, random
allocation was not performed prospectively between the
cartilage procedure group and the bipolar lesion group,
and there were no strict criteria for whether to perform
the cartilage procedure. This might lead to a possibility
of selection bias between the cartilage procedure group
and the bipolar lesion group. Second, the number of
patients who underwent a cartilage procedure was small.
Third, the effect of cartilage procedures in medial MAT
was not investigated; given the differences in surgical
method and the functions of the medial and lateral
menisci, this study included only patients undergoing lat-
eral MAT. Fourth, we used only the Lysholm score for
the clinical outcome analysis. However, this is the most
commonly used outcome measure for evaluation and has
a high level of compliance, making it easy to obtain data
over a long period.17

CONCLUSION

Patients with bipolar cartilage lesions had a better ana-
tomic survival rate after concurrent femoral cartilage pro-
cedures and lateral MAT. The results of the current study
suggest that a concurrent cartilage procedure was an effec-
tive treatment choice and may improve the status of an
allograft after lateral MAT in patients with bipolar carti-
lage lesions. Therefore, we recommend performing

Figure 3. Anatomic survival rates in the 3 groups. Figure 4. Clinical survival rates in the 3 groups.
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a concurrent femoral cartilage procedure when performing
lateral MAT for better outcomes in patients with bipolar
chondral lesions.
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