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Background: Treatment of large chondral defects of the knee among patients aged !40 years remains a difficult clinical chal-
lenge owing to preexisting joint degeneration and the lack of treatment options short of arthroplasty.

Purpose: To characterize the survivorship, predictors of failure, and clinical outcomes of osteochondral allograft transplantation
(OCA) of the knee among patients aged !40 years.

Study Design: Case series; Level of evidence, 4.

Methods: Prospectively collected data were reviewed for 54 consecutive patients aged !40 years who were treated with OCA.
Preoperative levels of osteoarthritis (according to Kellgren-Lawrence classification) and meniscal volume and quality were graded
from review of radiographs and magnetic resonance imaging. Complications, reoperations, and patient responses to validated
outcome measures were reviewed. A minimum follow-up of 2 years was required for analysis. Failure was defined by any removal
or revision of the allograft or conversion to arthroplasty.

Results: Among 51 patients (mean age, 48 years; range, 40-63 years; 65% male), a total of 52 knees had symptomatic focal car-
tilage lesions (up to 2 affected areas) that were classified as Outerbridge grade 4 at the time of OCA and did not involve substan-
tial bone loss requiring shell allografts or additional bone grafting. Mean duration of follow-up was 3.6 years (range, 2-11 years).
After OCA, 21 knees (40%) underwent reoperation, including 14 failures (27%) consisting of revision OCA (n = 1), unicompartmen-
tal knee arthroplasty (n = 5), and total knee arthroplasty (n = 8). Mean time to failure was 33 months, and 2- and 4-year survivor-
ship rates were 88% and 73%, respectively. Male sex (hazard ratio = 4.18, 95% CI = 1.12-27.13) and a higher number of previous
ipsilateral knee operations (hazard ratio = 1.70 per increase in 1 surgical procedure, 95% CI = 1.03-2.83) were predictors of fail-
ure. A higher Kellgren-Lawrence osteoarthritis grade on preoperative radiographs was associated with higher failure rates in the
Kaplan-Meier analysis but not the multivariate model. At final follow-up, clinically significant improvements were noted in the pain
(mean score, 47.8 to 67.6) and physical functioning (56.8 to 79.1) subscales of the Short Form-36, as well as the International
Knee Documentation Committee subjective form (45.0 to 63.6), Knee Outcome Survey–Activities of Daily Living (64.5 to 80.1),
and overall condition statement (4.5 to 6.8) (P \ .001). No significant changes were noted for the Marx Activity Rating Scale
(5.1 to 3.9, P = .789).

Conclusion: A higher failure rate was found in this series of patients aged !40 years who were treated with OCA as compared
with other studies of younger populations. However, for select older patients, OCA can be a good midterm treatment option for
cartilage defects of the knee.
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Cartilage restoration procedures have demonstrated good
results for young patients, as evidenced by improved pain
and function as well as a high rate of return to sporting
activities.20,21 In contrast, the outcomes for older patients
have not been as encouraging. Several studies showed
that patients aged !30 years have less favorable outcomes
when compared with those\30 years of age.5,18,24 This dis-
crepancy may be attributed to the larger articular defects
and concomitant meniscal, chondral, and subchondral dis-
ease seen more frequently among older patients.4 As
a result, some authors indicated an age of 40 to 50 years
as a relative contraindication to cartilage repair.3,37
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The treatment of large chondral defects of the knee
among patients aged !40 years continues to be a difficult
clinical challenge. For these middle-aged patients, tradi-
tional arthroplasty continues to be a poor option, owing
to implant longevity concerns, particularly among patients
\50 years of age.16,33 Fresh osteochondral allograft trans-
plantation (OCA) has recently been advocated for the
treatment of large chondral defects. This procedure has
demonstrated 5- and 10-year survival rates of 89% and
82%, respectively, and although reoperation rates are
approximately 40%, patient satisfaction remains high.9,23

OCA is particularly suitable in older patients because of
the single-stage transfer of viable mature hyaline cartilage
into chondral defects while avoiding donor site morbidity,
allowing for a faster rehabilitation than that of other carti-
lage repair strategies. However, current evidence is limited
on the clinical outcomes of OCA for older patients.

The purpose of this study was to characterize the clini-
cal results of OCA among patients aged !40 years as dem-
onstrated by graft survivorship and patient-reported
outcomes. For this cohort of older patients, we sought to
identify the predictors for graft failure. We hypothesized
that older age, a higher number of previous ipsilateral
knee operations, and preexisting joint degeneration would
be associated with higher failure rates, while clinically sig-
nificant improvements in patient-reported outcomes would
be observed after OCA.

METHODS

In 1999, our institution implemented a prospective registry
dedicated to the tracking of patient outcomes after articular
cartilage restoration procedures. An Institutional Review
Board approved the registry, and all patients sign an
informed consent form before participation. Patients
included in the registry were evaluated preoperatively and
then prospectively followed at 1, 2, 3, 4, 5, and 10 years
postoperatively.

Inclusion and Exclusion Criteria

Inclusion criteria included (1) age !40 years, (2) symptom-
atic focal cartilage lesions (up to 2 affected areas) in the
knee that were classified as Outerbridge grade 4 lesions at
the time of OCA and did not involve substantial bone loss
requiring shell allografts or additional bone grafting, (3)
treatment with fresh osteochondral allograft, and (4) a
minimum of 2 years of follow-up. Exclusion criteria for this
cartilage procedure were advanced osteoarthritis (OA),
simultaneous multiligamentous reconstruction, inflamma-
tory arthritis or autoimmune conditions, and inability to
comply with the postoperative rehabilitation protocol.

Patients

Demographic and pre-, intra-, and postoperative data were
collected for all patients. Demographic data included age,
sex, and body mass index (BMI). Preoperative data

included the number and type of previous ipsilateral knee
operations and baseline patient-reported outcome scores.
Standing lower limb alignment was assessed and recorded
during the preoperative office visit. The use of preoperative
long-leg radiographs to assess lower limb alignment
depended on the surgeon’s practice; for the majority of
patients, long-leg radiographs were obtained only if gross
malalignment was detected and osteotomy was being consid-
ered. Intraoperative data included laterality; results of exam-
ination under anesthesia (range of motion, ligamentous
stability); location, size and depth of the chondral defect(s);
status of the articular surfaces in other compartments;
meniscus status; and concomitant procedures performed.
Postoperative data included rehabilitation protocol, complica-
tions, reoperations, and patient-reported outcome scores at
a minimum of 2 years after surgery.

Osteoarthritis and Meniscus Scoring

Predetermined scoring systems (Table 1) were used to
assign grades indicative of the degree of OA (OA grade),
meniscal volume in the transplanted compartment (menis-
cus volume grade), and meniscal quality in the transplanted
compartment (meniscal quality grade) for each patient. OA
grades were assigned with the Kellgren-Lawrence grading
system based on retrospective review of preoperative
radiographs.17 For a small subset of patients for which pre-
operative radiographs were not available, immediate post-
operative radiographs or preoperative magnetic resonance
imaging (MRI) was reviewed. Only intra-articular areas
outside the focal chondral defect were evaluated. Meniscal
volume and quality grades were formulated from the retro-
spective review of preoperative MRI. All scoring was per-
formed by a fellowship-trained musculoskeletal radiologist
(V.K.) blinded to the outcomes.

Surgical Indications for OCA

Fresh OCA was selected as the treatment option for these
patients based on clinical judgment of defect complexity,
defect size, and failure of previous surgical or nonsurgical
treatments. Generally, OCA was performed for focal full-
thickness chondral defects !2 cm2 diagnosed on MRI or
prior arthroscopy. Prior failure of other cartilage restora-
tion procedures (eg, microfracture) was not a contraindica-
tion. Autologous chondrocyte implantation (ACI) was
rarely performed at this study’s institution, owing to its
2-stage process and slower rehabilitation when compared
with that for osteochondral grafting.

Surgical Technique

All surgical procedures were performed at a single institution
by 2 fellowship-trained orthopaedic surgeons (R.J.W. and
S.A.R.) with extensive experience in cartilage repair proce-
dures. After an examination under anesthesia, patients
were treated with an initial diagnostic arthroscopy of the
joint for assessment of the chondral lesion as well as the
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other articular surfaces, menisci, and ligaments. Any menis-
cal tears were addressed with partial meniscectomy or
repair.

Fresh cold-stored osteochondral allografts were obtained
from commercially available sources. Donor tissue was
screened and processed according to standards per the
American Association of Tissue Banks.27 Preoperatively,
donor and recipient were matched on the basis of size via
standard anteroposterior radiographs. Grafts were trans-
planted between 16 and 30 days after harvest, depending
on serologic testing and patient availability. After the
arthroscopic portion of the procedure, OCA was performed
via the dowel technique described by Williams et al.38

Briefly, chondral lesions were exposed through a small par-
apatellar arthrotomy without patellar eversion and
debrided to a stable rim. Lesions were then sized and
reamed to a bed of normal bone, and an appropriate graft
was taken from the corresponding region of the osteochon-
dral allograft. Lesion depth was carefully measured at 3 to
4 points around the lesion, marked, and matched on the
donor tissue. Grafts were then gently impacted into place
for press-fit fixation. Grafts were a single or dual circular
dowel shape in most cases, depending on lesion shape.

Postoperatively, patients remained touchdown or non-
weightbearing for a minimum of 1 to 2 weeks. Immediate
full range of motion was permitted and encouraged with
the use of a continuous passive motion device. Brace

wear was discontinued at 2 to 6 weeks, based on restora-
tion of quadriceps strength and function. A supervised
physical therapy program was undertaken postoperatively
in all cases. The duration of the postoperative physical
therapy program depended on the restoration of normal
gait, return of quadriceps function, and performance of
sport-specific skills. Return to athletics was initiated on
an individual patient basis, typically starting with a run-
ning program at 6 months. Higher-level activities were
then progressed thereafter, depending on return of lower
extremity strength.

Assessment of Clinical Outcomes

All complications and reoperations after the index OCA
were documented. A reoperation was defined as any subse-
quent surgery on the ipsilateral knee, including arthro-
scopic chondroplasty, removal of loose bodies, lysis of
adhesions, and hardware removal. Failure of the allograft
was defined as any procedure that involved removal or
revision of the allograft, unicompartmental knee arthro-
plasty, or total knee arthroplasty.

The general health outcome for each patient was
assessed with the Short Form–36 (SF-36; v 1.0),29 which
has the ability to evaluate 8 domains of general well-being.
The only domains reported in this study were general
health, pain, physical functioning, and role limitations
attributed to physical health. Knee function was assessed
with the International Knee Documentation Committee
subjective form (IKDC) and the Knee Outcome Survey–
Activities of Daily Living (KOS-ADL). The IKDC score is
a reliable and valid knee-specific measure of symptoms
and function and provides a good overall measure of
knee-related disability among patients who have under-
gone a cartilage restoration procedure.13,15 Similarly, the
KOS-ADL has high reliability, validity, and responsive-
ness for athletic patients with various knee conditions.25

Patient activity level was assessed with the Marx Activity
Rating Scale.26 Finally, the overall condition of the knee
was assessed with the patient perception component of
the Cincinnati Knee Rating System.2 This single item,
‘‘Rate the overall condition of your knee at the present
time,’’ is based on a scale of 1 to 10, with 2 indicating
‘‘poor—I have significant limitations that affect activities
of daily living’’; 4, ‘‘fair—I have moderate limitations that
affect activities of daily living, no sports possible’’; 6,
‘‘good—I have some limitations with sports but I can par-
ticipate; I compensate’’; and 10, ‘‘normal/excellent—I am
able to do whatever I wish (any sport) with no problems.’’2

An independent observer performed postoperative data
collection for all clinical outcome instruments. All these
knee-specific outcome instruments have been used to pro-
spectively evaluate articular cartilage repair procedures
of the knee.20,21,25,35,36

Statistical Analysis

Kaplan-Meier survivorship analysis was performed for fail-
ures, with comparisons among groups conducted with the

TABLE 1
Osteoarthritis and Meniscus Scoring Criteria

Osteoarthritis/Meniscus: Grades Criteria

Osteoarthritis
1 Doubtful—minute osteophyte,

doubtful significance
2 Minimal—definite osteophyte,

no joint space narrowing
3 Moderate—moderate joint space

narrowing
4 Severe—severe joint space

narrowing and subchondral
sclerosis

Ipsilateral meniscal volume
1 Intact meniscus and no evidence

of previous partial
meniscectomy

2 .50% meniscus left after
previous partial meniscectomy

3 \50% meniscus left
4 Little or no meniscus left

Ipsilateral meniscal quality
1 Normal meniscus signal and

morphology
2 Intrameniscal signal

hyperintensity, normal
morphology

3 Intrameniscal signal
hyperintensity, abnormal
morphology

4 Intrameniscal signal
hyperintensity, indistinctness,
scarring
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log-rank test. Multivariable proportional hazards regression
modeling with backward selection and a threshold P value
\.20 identified those factors that were best predictive of fail-
ure. Factors initially entered into the model included age,
sex, BMI, pre- and postoperative Marx Activity Rating Scale
scores, number of previous ipsilateral knee operations,
chondral defect area and primary location, OA grade, and
meniscal volume and quality grades. Comparisons among
factors were performed with the Mann-Whitney test for
binary characteristics, chi-square or Fisher exact tests for
discrete variables, and bivariate correlations for continuous
variables. Changes in subjective patient outcome scores (SF-
36, IKDC, KOS-ADL, Marx Activity Rating Scale, and over-
all condition) between pre- and postoperative time points
were assessed with the Wilcoxon signed-rank test. Two-
tailed tests were used for all statistical analyses, with a crit-
ical P value set to .05 to indicate significance.

RESULTS

Of the 1902 registry patients screened, 54 (3%) consecutive
patients treated between 2000 and 2014 met the inclusion
and exclusion criteria. Three patients were lost to follow-
up. As a result, 52 knees (n = 51 patients) were analyzed
(94% follow-up). The mean age was 48 years (range, 40-
63 years). Sixteen patients (31%) were !50 years old at
the time of surgery. Mean duration of follow-up was 3.6
years (range, 2-11 years). Table 2 presents patient demo-
graphics, chondral lesion characteristics, and concomitant
procedures.

Fourteen knees (27%) had previously undergone a carti-
lage restoration procedure, including microfracture (n =

10), OCA (n = 1), ACI (n = 1), and synthetic scaffold (n =
2). Twelve knees (23%; n = 12 patients) had previously
undergone anterior cruciate ligament reconstruction.
Documented Lachman and pivot-shift grades at the time
of examination under anesthesia were 1A and 0, respec-
tively, for 10 of these patients who did not have any symp-
toms or signs of graft failure. The other 2 patients had
positive signs of graft failure preoperatively and were trea-
ted with combined OCA and revision anterior cruciate lig-
ament reconstruction. Five knees (10%) were treated with
bipolar OCA for reciprocal lesions in the patellofemoral
joint, and 2 knees (4%) were treated with isolated patella
OCA. One knee (2%) had a prior subtotal lateral meniscec-
tomy and thus was treated with a combined lateral menis-
cus allograft transplantation and lateral femoral condyle
OCA. One knee (2%) was treated with a combined high tib-
ial osteotomy and medial femoral condyle OCA for isolated
medial compartmental disease, and 1 knee (2%) was trea-
ted with a combined tibial tubercle osteotomy and patella
OCA for lateral patellar overload.

Preoperative radiographs were available for 40 (77%)
knees. For the remaining knees, Kellgren-Lawrence OA
scoring was based on preoperative MRI or immediately
postoperative radiographs. The mean OA grade was 1.9
6 0.8. For patients who received condylar OCAs (excluding
1 patient who received a concomitant meniscus trans-
plant), the mean meniscal volume and quality grades
were 2.5 6 0.7 and 2.8 6 0.6, respectively. No patients
had a meniscal volume or quality grade of 4. Higher OA
grade, indicating more overall degeneration, was corre-
lated with higher meniscal volume grade (R = 20.36, P =
.016) but not meniscal quality grade (P = .936). Increasing
age was correlated with higher meniscal volume grade (R =

TABLE 2
Patient Demographics and Concomitant Surgerya

All Knees (n = 52)b Failures (n = 14)

Patient characteristics
Age, y 48.0 (40-63) 50.8 (43-63)
Sex, male:female 33:18 12:2
Body mass index, kg/m2 26.6 (20-38) 26.2 (22-34)
Laterality, right:left 26:26 7:7
Preoperative Marx Activity Rating Scale 5.1 (0-14) 5.3 (0-13)

No. of previous surgical procedures 1.4 (0-4) 2.0 (1-4)
Lesion characteristics

OCA location
Medial femoral condyle 30 (58) 9 (64)
Lateral femoral condyle 14 (27) 2 (14)
Trochlea 16 (31) 6 (43)
Patella 7 (13) 2 (14)

Chondral defect area, cm2 6.5 (0.8-15.3) 6.5 (3.8-9.5)
No. of plugs used 1.9 (1-3) 2.2 (1-3)

Concomitant procedures
Revision ACLR 2 1
Meniscus allograft transplantation 1 0
Realignment osteotomy 2 0

aData are reported as mean (range) or n (%). ACLR, anterior cruciate ligament reconstruction; OCA, osteochondral allograft
transplantation.

bFifty-one patients (1 patient had OCA in bilateral knees).
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20.34, P = .020) and quality grade (R = 20.49, P = .005) but
not OA grade (P = .358).

Complications, Reoperations, and Failures

Four knees (8%) developed arthrofibrosis postoperatively
and were treated with manipulation under anesthesia
(n = 2) or lysis of adhesions/scar excision (n = 2). No super-
ficial or deep infections were observed in the initial postop-
erative period after OCA. Two knees (4%) developed deep
infections after subsequent reoperations. One developed
a postoperative septic joint after an arthroscopic lysis of
adhesions, which was treated with arthroscopic irrigation
and debridement. This patient underwent a total knee
arthroplasty in the same knee 45 months after the arthro-
scopic irrigation and debridement. A patient who had a con-
comitant opening-wedge high tibial osteotomy developed
a deep tibial wound infection after staged removal of the
osteotomy plate, which was treated with irrigation and
debridement and local fasciocutaneous advancement flap
coverage. At final follow-up, this patient was doing well
and did not require any subsequent procedures.

In total, 21 knees (40%) underwent reoperation after
OCA (Table 3). Seven knees (13%) underwent arthroscopic
chondroplasty and/or loose body removal after OCA. Fail-
ures were documented for 14 knees (27%), as defined by
revision OCA (n = 1), unicompartmental knee arthroplasty
(n = 5), and total knee arthroplasty (n = 8). The mean time
to failure was 33 months (range, 11-82 months). Kaplan-
Meier survival analysis demonstrated 88% survivorship
at 2 years and 73% at 4 years (Figure 1). Comparison of
survival among patients grouped by demographic factors
and joint degeneration scores revealed statistically signifi-
cant differences among sex (P = .034), number of previous
ipsilateral knee operations (P = .019), and OA grade (P =
.007) (Figure 2). Comparisons of survival among patients
grouped by meniscal volume or quality grade demon-
strated no significant differences (P . .106). Multivariable
proportional hazards regression revealed that male sex

(P = .032, hazard ratio = 4.18, 95% CI = 1.12-27.13) and
a higher number of previous ipsilateral knee operations
(P = .037, hazard ratio = 1.70 per increase in 1 surgical pro-
cedure, 95% CI = 1.03-2.83) were predictors of failure
(Table 4).

Outcome Scores

Six patients (12%) experienced failure of their OCA within
2 years of their index procedure. Of the remaining 45
patients, 40 (89%) had complete responses to outcome mea-
sures at their most recent follow-up. Postoperatively, statis-
tically significant improvements were noted in the pain,
physical functioning, and role limitations subscales of the
SF-36, as well as the IKDC, KOS-ADL, and overall condi-
tion statement (P \ .001 for all) (Table 5).

DISCUSSION

The principal findings of this study of OCA in patients aged
!40 years were as follows: (1) allograft survivorship was
88% at 2 years and 73% at 4 years; (2) a higher number of
previous ipsilateral knee operations and male sex were sig-
nificant predictors of failure, while higher Kellgren-Law-
rence OA grade was associated with higher failure rates
in the Kaplan-Meier analysis but not the multivariate
model; and (3) OCA resulted in clinically significant
improvements in knee symptoms and function, as indicated
by validated outcome measures.

The current evidence on cartilage restoration procedures
suggests that older age is correlated with higher failure rates
and less improvement in outcomes.5,11,18,23,24,31 Prior studies
performed matched comparisons between older and younger
cohorts of patients, and the majority showed at least a ten-
dency toward worse outcomes for older patients.10,32 This is
not surprising given the degenerative processes and declin-
ing healing potential that progress with age. As a result,

TABLE 3
Reoperations After OCAa

Procedure No.b

Arthroscopic chondroplasty/loose body removal 7
Arthroscopic lysis of adhesions 1
Arthroscopic meniscectomy 2
Arthroscopic meniscal repair 1
Irrigation and debridement 2
Hardware removal 2
Open excision of infrapatellar scar 1
Revision OCAc 1
Unicompartmental knee arthroplastyc 5
Total knee arthroplastyc 8

aOCA, osteochondral allograft transplantation.
bSome knees had .1 procedure during reoperation or .1

reoperation.
cFailures.

Figure 1. Osteochondral allograft transplantation survivor-
ship among patients aged !40 years. Dotted lines indicate
95% CI.
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some authors have recommended an age limit of 40 to 50
years for cartilage restoration procedures.3,37 However, this
line of thinking may be shortsighted, as significant improve-
ments in outcomes are consistently seen for patients aged
!40 years among all cartilage restoration procedures, includ-
ing microfracture, ACI, and osteochondral autograft transfer
(OAT).1,6,19,22,32,34 Similarly, we found that patients aged
!40 years reported clinically significant improvement in out-
comes after OCA. In a study of patients aged !45 years who
were treated with ACI, 72% reported their outcomes as good
or excellent, and 81% would choose to undergo ACI again
despite 43% undergoing repeat knee arthroscopy after the
ACI procedure.34 Clearly, high satisfaction can be achieved
among older patients after cartilage repair. Additionally,
older patients should not be assessed in the same manner

as younger, more active patients. Whereas the primary
goal of younger patients undergoing cartilage repair may
be to return to high-impact sports, the goals of older patients
may be more related to pain relief and an improved ability to
perform low-impact physical or daily activities.10 The results
of our study suggest as much: Marx Activity Rating Scale
scores stayed constant, at a mean of 4 to 5 (indicating low lev-
els of physical activity), while pain and daily functioning
scores significantly improved after OCA. Rather than com-
paring the results of older versus younger patients after
such procedures, studies should attempt to identify the pre-
dictors of success and failure in the older population. Cer-
tainly, this would help clinicians distinguish the ideal
candidates from those prone to early failure after cartilage
restoration surgery.

OCA is a particularly attractive option for older patients
because of the single-stage transfer of viable mature hya-
line cartilage into chondral defects, which allows for
a quicker rehabilitation than that of ACI and which avoids
the donor site morbidity associated with OAT. However,
the current evidence on the outcomes of OCA for older
patients is limited. Degen et al6 reported on 61 patients
aged !40 years who were treated with OAT, OCA, or syn-
thetic scaffold plugs. The mean defect size by procedure
was 3.3 cm2 for OAT, 5.8 cm2 for OCA, and 3.2 cm2 for syn-
thetic scaffolds. All treatments resulted in significant
improvements in outcome scores. However, limited conclu-
sions can be drawn from this study owing to the lack of

Figure 2. Osteochondral allograft transplantation survivorship among patients grouped by age, sex, number of previous ipsilat-
eral knee operations, and Kellgren-Lawrence osteoarthritis (OA) grade. P = .136 for age, P = .034 for sex, P = .019 for number of
previous ipsilateral knee operations, and P = .007 for OA grade.

TABLE 4
Multivariable Regression of Predictors of OCA Failurea

Covariate Hazard Ratiob 95% CI P Value

Sex, male:female 4.18 1.12-27.13 .032
No. of previous surgical

procedures
1.70 1.03-2.83 .037

Kellgren-Lawrence OA grade 1.67 0.80-3.59 .172

aOA, osteoarthritis; OCA, osteochondral allograft transplantation.
bValues represent hazard ratio per unit increase unless other-

wise indicated.
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survivorship analysis and the inclusion of patients treated
with synthetic scaffolds, which have since been reported to
have high failure rates.8 Frank et al9 reported on 180
patients who were treated with OCA and had a mean
follow-up of 5 years. More than half (52%) underwent a con-
comitant procedure, including 65 (36%) who received a con-
comitant meniscus allograft transplantation. The authors
found no correlation between age and failure rate. Two older
studies each reported on .122 patients treated with OCA
who had a mean follow-up of 7 to 10 years.11,23 Both studies
found an increased risk of failure among patients aged !30
years. However, the majority (82%-100%) of patients in both
studies were treated with the shell technique, likely because
instrumentation for the press-fit dowel technique was not
yet widely used. The shell allograft technique, which
depends on screw or pin fixation and a larger surface area
of bone-to-bone healing for graft integration, likely has
a higher risk of failure in older patients because of their
weaker bone and inferior bone-to-bone healing as compared
with their younger counterparts.

In our study of patients aged !40 years who were treated
with OCA via the dowel technique, the failure rate was higher
than that reported for younger patients,9,12,23 which is to be
expected, and was comparable to that seen for bipolar
OCA.30 Other studies identified a higher number of previous
ipsilateral knee operations as a predictor of failure,9,23 which
held true in our cohort of patients aged !40 years. We also
identified male sex as a predictor of failure, which is at odds
with the results by Hanna et al,14 who reported higher carti-
lage loss rates and risk of progression of cartilage defects for
women than for men. Of note, sex was not significantly corre-
lated with BMI, pre- or postoperative Marx Activity Rating
Scale scores, or OA grade in this study. Degeneration of the
knee is often cited as a risk factor for worse outcomes and fail-
ure after a cartilage restoration procedure, although rarely is
the degree of arthritis stratified and correlated with outcomes.
To our knowledge, this study is one of the first to examine the
correlation between joint degeneration—as quantified by OA
and meniscal volume and quality grades—and the risk of
OCA failure. Although worse OA and meniscal volume grades

demonstrated a trend toward higher failure rates, neither was
a significant predictor of failure in the multivariable model.
This may be attributed to the lack of statistical power given
the sample size (52 knees) and number of failures (n = 14)
observed in this study. Clearly, further work is needed to
ascertain the association between preexisting joint degener-
ation and risk of graft failure, as focal chondral defects, even
those small in size, typically coexist with some level of
degeneration in the surrounding cartilage. Other factors
likely affect graft incorporation and clinical function, such
as degree of synovial inflammation and further markers of
the ‘‘biological milieu’’ of the joint (expression of inflamma-
tory mediators, matrix metalloproteinases, mediators of
apoptosis, etc). Although OCA may be performed in an
attempt to delay the disease progression initiated by a carti-
lage defect, the chronic low-grade joint inflammation that
is perpetuated by the surrounding cartilage and synovium
is not directly addressed by the surgery. Furthermore,
whether a partially resected or poor quality meniscus pro-
vides sufficient chondroprotection to a condylar graft has
not yet been fully elucidated, as meniscal status is rarely
considered a potential contributor to failure in the published
literature. Regarding the knees of older patients, where
these degenerative processes almost always exist, knowing
which radiographic or MRI parameters are indicative of
a degenerative cascade that has progressed past the point
of being improved by an OCA would help in defining the
surgical indications in this older population.

Despite the higher failure rates among patients aged
!40 years, those with surviving allografts at least 2 years
postoperatively reported significant clinical improvement,
according to published reports of minimally clinically
important differences among patients with knee osteoar-
thritis.7,39 The clinically significant improvements in out-
come scores across all patients !40 years indicate that
OCA may be a viable option that delays the eventual
need for an arthroplasty for several years while improving
quality of life. Although some would argue that OCA
should be reserved for younger, active patients owing to
the limited availability of grafts, as many as 13% of

TABLE 5
Preoperative, Postoperative, and Change Outcome Scores at Final Follow-upa

Score

Measure Preoperative Postoperative Change P Valueb

SF-36
General health 72.3 6 15.1 76.3 6 17.8 4.4 6 18.4 .185
Pain 47.8 6 22.8 67.6 6 26.9 20.7 6 22.5 \.001
Physical functioning 56.8 6 22.5 79.1 6 20.1 23.5 6 23.0 \.001
Role limitations per physical health 45.3 6 42.0 78.6 6 36.0 33.3 6 41.3 \.001

IKDC 45.0 6 14.2 63.6 6 19.6 19.2 6 18.3 \.001
KOS-ADL 64.5 6 14.5 80.1 6 13.8 15.2 6 12.7 \.001
Marx Activity Rating Scale 5.1 6 5.3 3.9 6 4.2 –0.6 6 4.4 .789
Overall condition 4.5 6 1.5 6.8 6 1.8 2.4 6 2.4 \.001

aValues represent mean 6 SD points. IKDC, International Knee Documentation Committee Subjective Knee Evaluation Form; KOS-ADL,
Knee Outcome Survey–Activities of Daily Living Scale; SF-36, Short Form–36.

bComparison between pre- and postoperative scores.
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harvested grafts are currently not utilized within the man-
datory time frame.28 A cost-effectiveness analysis compar-
ing OCA with early arthroplasty is needed to truly assess
the utility of OCA as a salvage treatment option for older
patients.

Several other limitations of this study deserve mention.
Mean follow-up was only 3.6 years, allowing us to make
conclusions regarding only the intermediate term after
OCA. Longer follow-up is needed to more accurately assess
OCA as a salvage treatment for patients aged !40, as
many patients may decide to cope with pain and continue
with nonoperative treatments for numerous years before
eventually undergoing arthroplasty. Moreover, longer
follow-up would allow for the longitudinal tracking of out-
come scores to assess for any deterioration in symptoms
and function. Six patients experienced failure of their
OCA within 2 years of their index procedure. Their out-
come scores were not collected and included in the analy-
sis, thus inflating the mean scores reported at final
follow-up. Long-leg radiographs to assess preoperative
alignment were obtained only for patients with gross defor-
mity. Therefore, some patients may have had subtle mala-
lignment (\5"), which could have affected their clinical
outcomes after OCA. Medical comorbidities and smoking
status, which may affect outcomes after OCA, were not
collected. OA scoring for a small subset of knees was per-
formed on MRI or postoperative radiographs. Additionally,
analyses of meniscal volume and quality scores were appli-
cable only for patients who received condylar OCA.
Patients who were doing poorly may have been more likely
to return for care, which would introduce transfer bias and
increase reoperation and failure rates. Last, this study con-
sisted of patients who were treated by 2 high-volume sur-
geons at a single institution, which potentially introduces
performance bias.

In conclusion, the treatment of large chondral defects in
older patients remains a difficult clinical challenge. In our
series of patients aged !40 years who were treated with
OCA, we found a higher failure rate as compared with
other studies of younger populations. Specifically, a higher
number of previous ipsilateral knee operations, male sex,
and higher grades of radiographic osteoarthritis preopera-
tively were predictors of failure. However, patients with
surviving allografts reported clinically significant improve-
ments in outcomes, suggesting that OCA can be valuable
as a midterm solution or an effective bridge before the
eventual need for arthroplasty. Although OCA can be
a good treatment option for select patients within the older
population, further work is needed to delineate the associ-
ation between preexisting joint degeneration and risk of
graft failure.
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