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Background: Osteochondral allograft transplantation (OCA) is often performed with concomitant meniscus allograft transplantation (MAT) as a strategy for knee joint preservation, although to date, the effect of concomitant MAT on outcomes and failure rates
after OCA has not been assessed.
Purpose: To determine clinical outcomes for patients undergoing OCA with MAT as compared with a matched cohort of patients
undergoing isolated OCA.
Study Design: Control study; Level of evidence, 3.
Methods: Patients who underwent OCA of the medial or lateral femoral condyle without concomitant MAT by a single surgeon
were compared with a matched group of patients who underwent OCA with concomitant MAT (ipsilateral compartment). The patients were matched per age, sex, body mass index, and number of previous ipsilateral knee operations 61. Patient-reported
outcomes, complications, reoperations, and survival rates were compared between groups.
Results: One hundred patients undergoing OCA (50 isolated, 50 with MAT) with a mean 6 SD follow-up of 4.9 6 2.7 years (minimum, 2 years) were included (age, 31.7 6 9.8 years; 52% male). Significantly more patients underwent OCA to the medial femoral
condyle (n = 59) than the lateral femoral condyle (n = 41, P \ .0001). Patients underwent 2.7 6 1.7 operations on the ipsilateral
knee before OCA. There were no significant differences between the groups regarding reoperation rate (n = 18 for OCA with MAT,
n = 17 for OCA without MAT, P = .834), time to reoperation (2.2 6 2.4 years for OCA with MAT, 3.4 6 2.7 years for OCA without
MAT, P = .149), or failure rates (n = 7 [14%] for OCA with MAT, n = 7 [14%] for OCA without MAT, P . .999). There were no
significant differences in patient-reported clinical outcome scores between the groups at final follow-up. There was no significant
difference in failure rates between patients undergoing medial femoral condyle OCA (n = 12, 15.3%) and lateral femoral condyle
OCA (n = 5, 12.2%, P = .665).
Conclusion: These results imply that with appropriate surgical indications to address meniscus deficiency in patients otherwise
indicated for OCA and despite the added surgical time and complexity of concomitant MAT, outcomes are favorable, with an 86%
OCA graft survivorship at 5 years. This information can be used to counsel patients undergoing OCA with concomitant MAT as
part of a knee joint preservation strategy.
Keywords: osteochondral allograft transplantation, meniscus allograft transplantation; knee joint preservation; clinical outcomes;
concomitant versus staged

Joint preservation surgery via reparative, reconstructive,
and biological techniques has become increasingly utilized
over the past 2 decades.5,9,16,26,39 Joint preservation procedures for articular cartilage lesions include microfracture,

autologous chondrocyte implantation, surface allograft
transplantation, osteochondral autograft transplantation,
surface allograft procedures, and osteochondral allograft
transplantation (OCA).14,30,34,36 Similarly, for appropriately indicated patients with symptomatic meniscus deficiency, meniscus allograft transplantation (MAT) is often
recommended.10,35,41,42 Patients indicated for joint preservation procedures such as OCA and/or MAT are particularly challenging, as they often present after having
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undergone at least 1 prior surgical procedure, they have
high preinjury activity levels, and they often have high
postoperative expectations. The main goals of treatment
for these challenging patients are to improve function
and reduce pain. In many cases, procedures such as OCA
and MAT are considered ‘‘salvage’’ surgical procedures,
as they are performed as a final effort to reduce pain and
improve function for simple activities of daily living
(ADL) for patients with debilitating knee pain and dysfunction. In other cases, these procedures are performed
in an effort to return patients to recreational/sport activities in which they are otherwise unable to participate,
owing to large symptomatic chondral or osteochondral
lesions and/or symptomatic meniscus deficiency.
Several studies have demonstrated that for the majority of
patients, OCA and MAT both result in excellent clinical outcomes with low complication and failure rates. Notably,
many of the patients undergoing either of these procedures
have combined knee disorders, including chondral lesions
and meniscus deficiency, and in some cases malalignment
and/or ligament instability.12 Determining the appropriate
surgical procedures for these patients is difficult, particularly
in the setting of combined cartilage and meniscus deficiency.
Several biomechanical, translational, and clinical studies
have demonstrated the protective role of the meniscus in preventing chondral damage and degeneration.§ As a result,
unaddressed meniscus deficiency has been considered a relative contraindication to cartilage restoration procedures such
as OCA, given concerns that these patients may have less
optimal outcomes. Surgical approaches to knee joint preservation that combine OCA with MAT (with realignment
osteotomies and/or ligament reconstructions, when indicated)
have thus been advocated for patients with multiple coexisting knee pathologic conditions, with several studies reporting
favorable outcomes.1-4,6,7,17-24,32,38
While OCA is often performed with concomitant MAT as
a strategy for knee joint preservation, to date, the effects of
concomitant MAT on outcomes after OCA have rarely been
discussed, particularly in comparison to outcomes after isolated OCA. To date, only a single study is available that
analyzed the postoperative outcomes of patients undergoing combined OCA with MAT.15 The purpose of this study
was to determine clinical outcomes for patients undergoing
OCA with MAT as compared with a matched cohort of
patients undergoing isolated OCA. We hypothesized that
as a result of the increased operative complexity and
more involved underlying pathologic conditions of patients

§

References 8, 11, 25, 27, 28, 33, 37, 40, 43.

The American Journal of Sports Medicine

TABLE 1
Factors Utilized to Match Patients Undergoing OCA
With and Without MATa
Age, 63 y
Sex
Body mass index, 65 kg/m2
No. of previous ipsilateral knee operations, 61
a

Each group, n = 50. MAT, meniscus allograft transplantation;
OCA, osteochondral allograft transplantation.

indicated for concomitant OCA and MAT, patients undergoing the combined procedure would have inferior clinical
outcomes and higher failure rates when compared with
patients undergoing OCA without MAT.

METHODS
After approval from our university’s institutional review
board, an analysis was conducted of prospectively collected
data from patients who underwent OCA of the medial femoral condyle (MFC) or lateral femoral condyle (LFC) by a single surgeon (B.J.C.) between 2000 and 2014 with a minimum
follow-up of 2 years. Patients who underwent OCA without
concomitant MAT (n = 50) were matched in a 1-to-1 format
(nonconsecutive) to patients who underwent OCA with concomitant MAT (n = 50). All MAT procedures were performed
in the same compartment as the OCA (medial MAT for
patients with MFC OCA, lateral MAT for patients with
LFC OCA). The patients were matched per several factors,
as listed in Table 1. Indications for OCA included symptomatic, isolated, full-thickness chondral lesions .1 cm (diameter) recalcitrant to nonoperative management, as well as
failed prior articular cartilage restoration procedures. Indications for MAT included symptomatic meniscus deficiency,
including prior failed meniscus surgery. When indicated,
patients underwent concomitant realignment osteotomy.
Indications for concomitant high tibial osteotomy or distal
femoral osteotomy included the mechanical axis of the lower
extremity preferentially loading or overloading the involved
compartment. In these cases, the mechanical axis was corrected to neutral (center of tibial plateau) in an effort to offload the involved compartment. All procedures were
performed in a single setting, as opposed to staged procedures, to (1) avoid the surgical morbidity of 2 operations
with 2 fairly intensive rehabilitation periods and (2) immediately offload the cartilage/meniscus grafts in cases of significant malalignment.
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TABLE 2
Data Collected for All Patients Undergoing OCA 6 MATa
Demographic
Preoperative
Intraoperative
Postoperative

Age, sex, BMI, and insurance status (including workers’ compensation status)
Mechanism of original injury, type/level of athlete, and number and type of prior ipsilateral knee operations
Laterality, compartment involved, size of defect relative to size of involved condyle (for femoral
condyle procedures), depth of defect, concomitant procedures (including ACL reconstruction and/or osteotomy)
Complications, reoperations, and validated patient-reported outcome scores at a minimum of 2 y after surgery

a

ACL, anterior cruciate ligament; BMI, body mass index; MAT, meniscus allograft transplantation; OCA, osteochondral allograft
transplantation.

Patients undergoing revision OCA for a failed prior
OCA, patients undergoing OCA to the patella or trochlea,
as well as patients \15 years old at the time of surgery
were excluded. Patients were not excluded for having
undergone prior ipsilateral knee surgery (other than prior
OCA) or for undergoing concomitant high tibial osteotomy
or distal femoral osteotomy procedures at the time of
OCA. Data collected for all patients included demographic
information, mechanism of injury, medical/surgical history,
and intraoperative findings, as described in Table 2. For all
patients, pre- and postoperative (minimum 2 years after
surgery) validated clinical patient-reported outcome assessments were collected through a combination of electronic
and paper surveys, including the Lysholm, International
Knee Documentation Committee, Knee injury and Osteoarthritis Outcome Score (KOOS), Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC),
and Short Form–12 mental and physical subscales.
The reoperation rate, failure rate, timing of reoperation,
procedures performed, findings at surgery, and patientreported outcome scores were analyzed and compared
between the groups. Reoperation was defined as undergoing any subsequent ipsilateral knee procedure after the
index OCA. Failure was defined by revision OCA, conversion to knee arthroplasty, or gross appearance of graft
failure at second-look arthroscopy. A second-look arthroscopy was performed for any patient with pain and/or
swelling after the index OCA after failure of nonoperative
management, including physical therapy, oral antiinflammatories, and corticosteroid injections.

Surgical Technique
The surgical techniques used by the senior author (B.J.C.)
in this study for OCA and MAT have been described in
detail.29,31 In brief, all patients underwent an examination
under anesthesia, followed by a diagnostic arthroscopy to
assess the status of the chondral defect and meniscus.
For patients undergoing OCA with concomitant MAT, the
meniscus transplant portion of the procedure was completed first, followed by the OCA portion of the procedure
through a miniarthrotomy. Notably, for patients undergoing concomitant MAT, the meniscus repair sutures were
not tied until after the osteochondral allograft had been
impacted into place; these sutures were tied with the
knee in full extension. If concomitant high tibial osteotomy
or distal femoral osteotomy was performed, the osteotomy

portion was performed last, after the OCA (and after the
MAT among those undergoing it).

Rehabilitation Protocol
The senior author’s (B.J.C.) preferred postoperative rehabilitation protocols have also been described.29,31 In brief,
protected weightbearing was recommended for both
patient groups for the first 6 to 8 weeks. Patients undergoing isolated OCA were not braced postoperatively, while
patients undergoing MAT combined with OCA were placed
in a hinged knee brace for the first 6 to 8 weeks largely to
protect the MAT from twisting moments. Early weightbearing range of motion (0°-90°) was restricted until 4 to
6 weeks after surgery for those undergoing a concomitant
MAT. Patients were permitted to progress to sport-specific
activities by 6 to 8 months after surgery, provided that
proper counseling was delivered to and understanding conveyed by the patient pertaining to the possibility of reinjury with certain high-risk ‘‘meniscus-dependent’’ sports.
For those patients undergoing isolated OCA, the senior
author’s (B.J.C.) position is that unrestricted return to
sports poses minimal risk to the allograft if the patient’s
pain relief and function are acceptable for his or her specific sport.

Statistical Analysis
Statistical analysis was performed through descriptive statistics, chi-square or Fisher exact testing, and MannWhitney U testing. All reported P values are 2-tailed, with
an a level of 0.05 detecting significant differences (SPSS
Statistics, v 23.0; IBM). According to published data18 and
the KOOS ADL subscale as the primary outcome of interest,
an a priori power analysis demonstrated that with an effect
size of 0.62 and a power of 0.8, 43 patients were required in
each group for this study to be adequately powered.

RESULTS
One hundred patients with a mean 6 SD age of 31.7 6 9.8
years (52 males, 48 females) who underwent OCA (50 without MAT, 50 with MAT) with a follow-up of 4.9 6 2.7 years
(range, 2.0-15.1 years) were included from a total cohort of
180 patients with 2-year clinical follow-up data (Table 3).
All 100 patients (100%) underwent at least 1 surgical
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TABLE 3
Demographics and Surgical Historya
OCA Without MAT
Patients
Males
Age, y
BMI, kg/m2
Left knee
Workers’ compensation cases
No. of previous operations
Follow-up duration, y
Patients with failed prior articular cartilage surgery
Failed OCD ORIF
Failed MFX
Failed DeNovo (Zimmer)
Failed ACI
Failed OATS

50
27
32.29
26.08
27
11
2.3
5.07
29
9
17
0
3
4

(54)
6 10.34
6 4.37
(54)
6 1.30
6 2.49
(58)

OCA With MAT
50
25
31.19
24.98
21
7
3.1
4.77
16
1
14
1
2
1

P Value
..999
.689
.579
.245
.230
.298
.024
.574
.009
.009
.517
.315
.646
.169

(50)
6 9.39
6 4.81
(42)
6 1.95
6 2.86
(32)

a
Values are presented as No. (%) or mean 6 SD. Bold indicates P \ .05. ACI, autologous chondrocyte implantation; BMI, body mass index;
MAT, meniscus allograft transplantation; MFX, microfracture; OATS, osteochondral autograft transplantation; OCA, osteochondral allograft transplantation; OCD, osteochondritis dissecans; ORIF, open reduction internal fixation.

procedure on the ipsilateral knee before OCA, with the
cohort as a whole undergoing 2.7 6 1.7 ipsilateral knee
operations before OCA. Patients undergoing OCA without
MAT were significantly more likely to have had a failed
prior articular cartilage procedure (osteochondritis dissecans fixation, microfracture, autologous chondrocyte implantation, DeNovo [Zimmer], or osteochondral autograft
transplantation) when compared with patients undergoing
OCA with MAT (P = .009). Ten patients (20%) undergoing
OCA without MAT had a previous partial meniscectomy in
the compartment where the OCA was performed.
None of the patients in either group underwent concomitant ligament repair or reconstruction surgery. Four
patients (8%) undergoing OCA without MAT had concomitant realignment osteotomies, while 5 patients (10%)
undergoing OCA with MAT had concomitant realignment
osteotomies (P . .999) (Table 4). One patient (2%) who
had OCA without MAT underwent a concomitant ipsilateral partial meniscectomy.
Among the 50 patients undergoing OCA without MAT,
30 had MFC OCAs, and 20 had LFC OCAs. For the 50
patients undergoing OCA with MAT, 29 had MFC OCAs
(including 29 medial MATs), and 21 had LFC OCAs
(including 21 lateral MATs). Significantly more patients
underwent OCA to the MFC (n = 59) than the LFC (n =
41, P \ .0001) (Table 4). There were no significant differences in defect size (OCA without MAT: 435.95 6 181.52 mm2
vs OCA with MAT: 449.40 6 174.24 mm2, P . .05) or
defect:condyle size ratio (OCA without MAT: 0.20 vs OCA
with MAT: 0.19, P . .05).

TABLE 4
Concomitant Procedures for Compartment Receiving OCAa

Medial OCA
Any major concomitant surgery
Lateral MAT
Medial MAT
HTO
DFO
Lateral OCA
Any major concomitant surgery
Lateral MAT
Medial MAT
HTO
DFO

OCA
Without
MAT

OCA
With
MAT

30
2
0
0
2
0
20
2
0
0
0
2

29
29
0
29
2
0
21
21
21
0
0
3

P Value

.219
..999
\.0001
..999
..999
\.0001
\.0001
..999
..999
.646

a

Bold indicates P \ .05. DFO, distal femoral osteotomy; HTO,
high tibial osteotomy; MAT, meniscus allograft transplantation;
OCA, osteochondral allograft transplantation.

At final follow-up, patients in both groups experienced statistically significant improvements in Lysholm, IKCD, KOOS,
WOMAC, and SF-12 physical subscale outcomes scores as
compared with preoperative values (P \ .05 for all outcome
scores for both groups) (Table 5). There were no statistical
improvements in SF-12 mental subscale outcome scores in
either group (P . .05 for both groups). No significant differences in patient-reported outcomes were demonstrated between
the groups at final follow-up (P . .05 for all).

Clinical Outcomes
There were no statistically significant differences in any of
the baseline patient-reported outcome scores between
those undergoing OCA without MAT and those undergoing
OCA with MAT (P . .05 for all) (Table 5).

Complications
There were 3 (6%) complications for patients undergoing
OCA without MAT, as opposed to 2 (4%) for patients undergoing OCA with MAT (P = .646). The 3 complications in the
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TABLE 5
Patient-Reported Outcome Measures Between Patients Undergoing OCA
With and Without MAT Preoperatively and at Final Follow-upa
Preoperative

Lysholm
IKDC
KOOS
Pain
Symptom
ADL
Sport
QOL
WOMAC
Pain
Stiffness
Function
Overall
Symptom rate
SF-12
Physical
Mental

Final Follow-up

OCA Without
MAT (n = 50)

OCA 1 MAT
(n = 50)

P Value

OCA Without
MAT (n = 50)

OCA 1 MAT
(n = 50)

P Value

41.83 6 20.44
35.48 6 15.43

49.48 6 16.06
39.80 6 15.78

.136
.317

69.56 6 21.39
63.19 6 21.17

70.77 6 17.94
66.35 6 17.61

.777
.455

55.56
60.14
66.12
27.40
22.12

6
6
6
6
6

15.69
16.39
21.17
22.37
18.56

59.85
57.75
69.03
30.86
29.22

6
6
6
6
6

15.82
15.65
23.31
22.48
17.59

.298
.570
.619
.574
.135

77.45
78.57
86.53
55.12
58.28

6
6
6
6
6

18.26
17.65
17.07
27.22
25.93

80.69
75.91
91.92
56.90
56.10

6
6
6
6
6

15.00
18.36
9.57
26.55
23.04

.376
.495
.074
.760
.681

7.04
3.20
23.04
2.96
4.42

6
6
6
6
6

3.67
2.00
14.39
1.99
1.76

6.41
3.26
21.06
3.17
4.31

6
6
6
6
6

3.52
1.72
15.85
1.89
2.22

.502
.906
.619
.678
.872

3.44
1.91
9.16
6.56
7.24

6
6
6
6
6

3.18
1.96
11.61
2.78
2.18

2.61
1.86
5.43
6.91
7.09

6
6
6
6
6

2.95
1.84
6.57
2.14
2.20

.218
.898
.073
.516
.772

33.94 6 5.72
52.84 6 11.45

.826
.606

46.20 6 7.40
54.64 6 9.34

.099
.217

34.31 6 6.83
51.17 6 12.96

43.47 6 7.64
51.42 6 14.15

a

Values are presented as mean 6 SD. ADL, activities of daily living; IKDC, International Knee Documentation Committee; KOOS, Knee
injury and Osteoarthritis Outcome Score; MAT, meniscus allograft transplantation; OCA, osteochondral allograft transplantation; QOL,
quality of life; SF12, Short Form–12; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

non-MAT group were a transient peroneal nerve palsy that
fully resolved, local cellulitis requiring oral antibiotics, and
a pulmonary embolism from a deep venous thrombosis
requiring systemic anticoagulation. The 2 complications
in the MAT group were local cellulitis requiring oral antibiotics and postoperative arthrofibrosis requiring arthroscopic lysis of adhesions.

Reoperations
Of the 100 patients, 35 underwent reoperation at 2.8 6 2.6
years after index OCA. There were no significant differences
in the number of patients in either group undergoing reoperation (OCA without MAT: 36% vs OCA with MAT: 34%, P =
.834) or in the mean time to reoperation (OCA without MAT:
3.43 6 2.68 years vs OCA with MAT: 2.16 6 2.41 years, P =
.149). Of the 35 patients undergoing reoperation, 9 underwent
multiple reoperations (range, 1-3 additional reoperations)
without any significant differences between the groups
(OCA without MAT: 22.2% vs OCA with MAT: 29.4% years,
P = .711). Of the 35 initial reoperations, 18 (51.43%) were performed within 2 years of the index OCA, with patients undergoing OCA with MAT demonstrating a significantly higher
rate of reoperation within this time frame (OCA without
MAT: 33.3% vs OCA with MAT: 70.6% years, P = .044).
Arthroscopic debridement was performed in 32 of these 35 initial reoperations (91.43%), with 26 knees (81.25%) showing
arthroscopic evidence of an intact graft. Arthroscopic debridements were performed to smooth any incongruent but not
degenerative chondral surfaces in and around the graft. Of
the 32 patients receiving debridements, 1 also received a small

posterior medial meniscectomy (initial operative medial OCA
without MAT), and 2 underwent loose body excision in the
unilateral compartment. Of these 26 knees, 6 knees ultimately progressed to failure at 4.1 6 2.6 years after OCA.

Failures
Among the 100 cases, 14 (14%) were considered failures at
3.24 6 1.93 years after index OCA. Of these 14 patients, 6
(42.86%) underwent revision OCA; 5 received subsequent
knee arthroplasty (35.71%); and 3 had the appearance of
poorly incorporated osteochondral allograft at second-look
arthroscopy (21.43%). There were no significant differences
between the groups with respect to failure rates (OCA without MAT: n = 7 [14%] vs OCA with MAT: n = 7 [14%], P .
.999) or time to failure (OCA without MAT: 3.14 6 0.86 years
vs OCA with MAT: 3.34 6 2.72 years, P = .149) (Figure 1).
None of the failures in the MAT group were thought to be
related to failure of the meniscus allograft.

Medial Versus Lateral OCA
Overall, patients undergoing LFC OCA had superior International Knee Documentation Committee, KOOS sport subscale, and overall WOMAC outcomes scores when compared
with patients undergoing MFC OCA (Table 6); no differences were noted between patients undergoing MFC OCA
with and without MAT. A significantly greater SF-12 physical subscale score (P = .020) was found for lateral OCA
without MAT than with MAT at final follow-up (Appendix
Table A1, available in the online version of this article).
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TABLE 6
Patient-Reported Outcome Measures
Between Involved Compartments at Final Follow-upa

Figure 1. Kaplan-Meier curves comparing survival of OCA
grafts for patients who underwent OCA without MAT and
patients who underwent OCA with MAT. At a mean 6 SD
follow-up of 4.92 6 2.7 years, patients undergoing OCA without MAT had an overall failure rate of 14% at 3.14 years after
OCA, while patients undergoing OCA with MAT had an overall failure rate of 14% at 3.34 years after OCA (P = .149).
MAT, meniscus allograft transplantation; OCA, osteochondral allograft transplantation.
There were 5 failures after LFC OCA (12.2%): 2 for OCA
without MAT and 3 for concomitant MAT (P = .633). There
were 9 failures of MFC OCA (15.3%): 5 for OCA without
MAT and 4 for OCA with MAT (P = .759). There was no significant difference in failure rates between OCA procedures based on femoral condyle location (P = .665).

DISCUSSION
The principal findings of this study suggest the following:
(1) patients undergoing OCA with and without concomitant MAT have favorable clinical outcomes at nearly 5
years after surgery; (2) among patients matched by age,
sex, body mass index, and number of prior knee operations,
no significant differences in patient-reported outcomes
measures were seen between patients undergoing OCA
with versus without MAT; and (3) there are no significant
differences in reoperation rates, time-to-reoperation failure rates, or time to failure between these groups. These
results imply that despite the added surgical time and
complexity of concomitant MAT, with appropriate surgical
indications, outcomes are favorable, with an 86% OCA
graft survival rate at 5 years. This information can be
used to counsel patients undergoing OCA with concomitant MAT as part of a knee joint preservation strategy.
MAT for isolated, symptomatic meniscus deficiency and
OCA for isolated chondral lesions generally result in good
to excellent outcomes when performed in isolation for appropriately indicated patients. Combined meniscus and cartilage
lesions are not uncommon, and based on the experience of
the senior author (B.J.C.), treatment of both injuries is often
necessary to ensure success of any individual procedure.

No. of patients
Lysholm
IKDC
KOOS
Pain
Symptom
ADL
Sport
QOL
WOMAC
Pain
Stiffness
Function
Overall
Symptom rate
SF-12
Physical
Mental

Medial OCA

Lateral OCA

P Value

59
66.8 6 21.95
60.85 6 21.03

41
74.81 6 14.94
70.21 6 15.63

\.0001
.160
.037

76.02
75.93
87.29
51.12
53.13

6
6
6
6
6

17.89
19.29
15.60
28.01
25.92

83.18
79.07
91.91
62.64
62.85

6
6
6
6
6

14.16
16.00
11.14
23.71
21.23

.085
.562
.156
.047
.076

3.53
2.16
8.64
6.22
6.90

6
6
6
6
6

3.21
1.96
10.60
2.47
2.14

2.34
1.49
5.43
7.44
7.56

6
6
6
6
6

2.78
1.37
7.67
2.32
2.21

.076
.196
.131
.011
.122

43.75 6 7.53
52.08 6 13.06

46.34 6 7.54
54.35 6 10.47

.220
.379

a
Values are presented as mean 6 SD. Bold indicates P \ .05.
ADL, activities of daily living; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis
Outcome Score; OCA, osteochondral allograft transplantation;
QOL, quality of life; SF-12, Short Form–12; WOMAC, Western
Ontario and McMaster Universities Osteoarthritis Index.

Previous biomechanical, animal model, and clinical studies
demonstrated the protective role of the meniscus in preventing chondral damage and degeneration.k
While literature on outcomes of MAT with concomitant
cartilage procedures is fairly limited, data from the available
studies are encouraging. In a systematic review, Harris
et al21 analyzed 6 studies with 110 patients who underwent
articular cartilage repair or restoration (microfracture,
osteochondral autograft transplantation, OCA, or autologous
chondrocyte implantation) with combined MAT. The authors
reported an overall reoperation rate of 49%, higher than that
in the present study (38%), and an overall failure rate of
12%, slightly lower than that in the present study (14%).
Notably, the authors found that 85% of those failures
occurred in relation to the meniscus allograft and not as
a result of the articular cartilage procedure. In the present
study, none of the failures in the MAT group were thought
to be related to failure of the meniscus allograft. Harris
et al reported that across all studies, patients experienced
improvement in clinical outcomes after surgery, with 2 of
the 6 studies demonstrating that articular cartilage surgery
with concomitant MAT results in similar outcomes when
compared with either technique performed in isolation, consistent with the results in our study.
To our knowledge, only 1 other study in the literature
analyzed the outcomes of OCA with concomitant MAT. In
2015, Getgood and collegues15 reported on 48 patients
undergoing concomitant OCA with MAT at a mean clinical
follow-up of 6.8 years. Similar to the present study, the
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majority of patients (90%) in their cohort had undergone at
least 1 ipsilateral knee surgery before OCA. Despite similarities in several demographic variables between their
study and the present study, including patient age and sex,
differences in underlying diagnoses and surgical technique
make it difficult to compare their outcomes and ours. For
example, osteoarthritis or tibial plateau fracture was the
underlying diagnosis for 30 of their 48 patients, while no
patients in the present study had either of these underlying
conditions. Furthermore, 36 of the 48 patients in their study
underwent MAT via a compound tibial plateau OCA with the
native meniscus attached, while no patients in the present
study underwent OCA to the tibia (no compound grafts
were utilized). In their series, there was a 54% reoperation
rate and a 23% failure rate (11 of 48 patients), with 10 of
11 failures thought to be attributable to a failed meniscus
and osteochondral graft. They reported a survivorship of
78% (MAT) and 73% (OCA) at 5 years, lower than the survivorship of 86% found in the present study. This may be
attributable to the different patient populations in their
study versus ours, as their cohort included patients with
more advanced arthritis before allograft transplantation.
The present study is unique in that the matching methodology allowed for the assessment of concomitant MAT as
an independent variable affecting outcomes after OCA.
With nearly all other critical factors being equal in the 2
groups, including age, sex, body mass index, and number
of previous ipsilateral knee operations, we were able to truly
isolate the impact of concomitant MAT on clinical outcomes
scores, complications, reoperations, and failures. Notably,
patients in both groups experienced significantly improved
outcomes based on their preoperative scores. Patients with
isolated chondral defects without meniscus deficiency often
have similar symptoms and physical examination findings
when compared with patients with isolated chondral defects
with meniscus deficiency. Determining if one or both these
injuries are responsible for a given patient’s symptoms is
exceedingly difficult. As such, determining if MAT should
be performed concomitantly with OCA is also extremely
challenging, particularly for patients with a history of prior
surgery, as even a thorough diagnostic workup with
advanced imaging (ie, magnetic resonance imaging) can be
difficult to interpret. Certainly, patients who are deemed
to be candidates for combined OCA with MAT are different
from patients who are candidates for OCA but do not
require concomitant MAT. This study did not aim to determine indications for MAT to be performed concomitantly
with OCA but rather sought to determine if performing concomitant MAT has any effect on outcomes, reoperation
rates, or failure rates after OCA. As many chondral or osteochondral lesions develop following meniscectomy, it is the
senior author’s (B.J.C.) opinion that ignoring meniscal deficiency at the time of OCA places the osteochondral allograft
at risk for failure in addition to increasing the risk that postoperative pain relief will remain unacceptable to the patient
being treated. Importantly, despite the added complexity of
performing concomitant MAT with OCA, no differences in
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complications, reoperation rates, or failure rates were found
between otherwise similar groups of patients undergoing
OCA with and without MAT.

Limitations
Limitations of this study include its relatively small sample size and inclusion of patients in a nonconsecutive fashion. To specifically analyze the presence or absence of
concomitant MAT as an independent variable, patients
undergoing OCA with MAT were matched on the basis of
age 63 years, sex, body mass index 65 kg/m2 and the number of previous ipsilateral knee operations 61 in a 1-to-1
format to patients undergoing OCA without MAT. While
this matching technique is effective at isolating the variable of interest and was successfully utilized in prior studies,13 analyzing patients nonconsecutively may introduce
selection bias. Fortunately, a previously published study
based on a similar patient population with a consecutive
series of OCA cases (not selected by the matching criteria
used here) demonstrated overall outcomes and reoperation
rates consistent with those in the present study; thus, any
effect of selection bias is likely clinically less relevant.14 As
in the limitations of other studies analyzing the outcomes of
cartilage and meniscus restoration surgery, it is difficult to
conclude if the outcomes and reoperation rates described
here are influenced by the combined effects of concomitant
procedures, as opposed to being a reflection of the OCA procedure itself. Finally, while clinical outcomes were assessed
at a mean of 5 years after surgery, this study is limited by
a lack of imaging follow-up. In the senior author’s (B.J.C.)
practice, imaging beyond the initial postoperative radiographs is obtained only if patients are symptomatic, and
because of funding constraints and the unclear relevance
of radiographic changes in the absence of symptoms, radiographs at final follow-up were not obtained for this study.

CONCLUSION
These results imply that with appropriate surgical indications to address meniscus deficiency for patients otherwise
indicated for an osteochondral allograft, despite the added
surgical time and complexity of concomitant MAT, the outcomes are favorable, with an 86% OCA graft survivorship
at 5 years. This information can be used to counsel patients
undergoing concomitant MAT as part of a knee joint preservation strategy.
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