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Abstract

Background Fresh osteochondral allograft transplantation
is an increasingly common treatment option for chondral
and osteochondral lesions in the knee, but the long-term
outcome is unknown.

Questions/purposes We determined (1) pain and function,
(2) frequency and types of reoperations, (3) survivorship at a
median of 13.5 years, and (4) predictors of osteochondral
allograft failure in the distal femur.
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Methods We evaluated 122 patients (129 knees) who
underwent osteochondral allograft transplantation of the
femoral condyle. Mean age was 33 years and 53% were
male. Clinical evaluation included the modified Merle
d’ Aubigné-Postel (18-point), IKDC, and Knee Society
function (KS-F) scores. We defined graft failure as revision
osteochondral allografting or conversion to arthroplasty.
We determined whether patient characteristics or attributes
of the graft influenced failure. Minimum followup was
2.4 years (median, 13.5 years); 91% had more than
10 years of followup.

Results Mean modified Merle d’Aubigné-Postel score
improved from 12.1 to 16, mean IKDC pain score from 7.0
to 3.8, mean IKDC function score from 3.4 to 7.2, and
mean KS-F score from 65.6 to 82.5. Sixty-one knees (47%)
underwent reoperations. Thirty-one knees (24%) failed at a
mean of 7.2 years. Survivorship was 82% at 10 years, 74%
at 15 years, and 66% at 20 years. Age of more than
30 years at time of surgery and having two or more pre-
vious surgeries for the operated knee were associated with
allograft failure.

Conclusions Followup of femoral condyle osteochondral
allografting demonstrated durable improvement in pain and
function, with graft survivorship of 82% at 10 years.
Level of Evidence Level 1V, therapeutic study. See the
Instructions for Authors for a complete description of
levels of evidence.

Introduction
Chondral and osteochondral lesions of the knee share a

common pathway that may lead to pain, disability, and
osteoarthritis [7, 32, 36]. Treatment of chondral and
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osteochondral lesions has been challenging, especially in
young, active patients. Arthroplasty has been a reluctant
choice due to concerns over implant longevity [8, 23, 25]
and functional limitations. Therefore, biologic alternatives
have established themselves as an appropriate first line of
treatment. These include marrow-stimulating techniques
(microfracture) [28, 30, 37], cell-based cartilage repair
(autologous chondrocyte implantation) [2, 34, 40], and
whole tissue transfer such as osteochondral autologous
transplantation and osteochondral allograft transplantation
[1, 3, 4, 9]. These methods have had variable success rates
in articular cartilage restoration, with clinical success rates
between 50% and 90% and reoperation rates up to 49% |[2,
3, 17, 24, 30, 37].

Fresh osteochondral allografting has traditionally been
employed for reconstruction of large osteochondral defects
or in the restoration of posttraumatic knee defects [1, 4, 15,
16, 27]. More recently, fresh osteochondral allografting has
evolved into a versatile treatment option for a wide spec-
trum of chondral and osteochondral injuries and disorders
[3, 4,9, 27]. Osteochondral allografts emulate normal joint
architecture by providing full-thickness viable hyaline
cartilage tissue, along with underlying subchondral bone
that acts primarily as a scaffold [33, 39]. Osteochondral
allografts have resurfaced large and deep osteochondral
defects, such as those seen in osteochondritis dissecans [9]
or osteonecrosis [14]. Recently, LaPrade et al. [24],
Williams et al. [38], McCulloch et al. [26], and Davidson
et al. [6] published short-term followup studies utilizing
osteochondral allografting in articular cartilage repair. At a
mean followup of between 2 and 4 years, these studies
demonstrated graft survival rates of between 79% and
100%. However, it is unclear whether allografts remain
durable for longer time periods.

We therefore determined (1) objective and subjective
measurements of pain and function, (2) frequency and
types of reoperations, (3) survivorship, and (4) predictors
for osteochondral allograft failure in a cohort of
122 patients who underwent fresh osteochondral allografting
of the femoral condyle.

Patients and Methods

Between 1983 and 2011, an institutional review board-
approved osteochondral allografting outcomes program
prospectively collected data on 614 osteochondral allo-
grafting procedures of the knee performed in 536 patients.
The indication for allograft surgery was presence of a
painful chondral or osteochondral lesion(s) of the femoral
condyle (Table 1) and failure of previous nonsurgical or
surgical treatments. The contraindications for allograft
surgery were advanced osteoarthritis, inflammatory joint
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disease, infection, and inability to follow the postoperative
rehabilitation protocol. We excluded 302 patients (341
knees) who had surgery after 2001 because the tissue bank
changed at that time, along with the protocols for proc-
essing the allografts (including retrieval and storage times).
We also excluded 103 patients (135 knees) who had con-
comitant allografting of multiple anatomic sites of the
index knee (trochlea, patella, tibial plateau). These exclu-
sions left 131 patients (138 knees) who underwent isolated
osteochondral allograft transplantation of the femoral
condyle. Nine of these 131 patients (nine knees) were
excluded: three patients (three knees) were deceased and
six (six knees) were lost before the minimum 2-year fol-
lowup. These nine exclusions left 122 patients (129 knees).
The mean age at time of surgery was 32.8 years (range,
15-68 years); 85% were younger than 45 years. Fifty-three
percent of the patients were male and 47% were female.
The average BMI was 25.7 kg/m? (range, 19—41 kg/m?).
The minimum followup of patients whose grafts were not
surgically removed at time of followup was 2.4 years
(median, 13.5 years; range, 2.4-27.5 years); 111 of the
122 patients (91%) had more than 10 years of followup.

Before allograft surgery, diagnosis of full-thickness
chondral or osteochondral lesions was established after
assessment of the patients’ history, physical examination,
radiographic and/or MRI evaluation, and review of
arthroscopic examination when available. All data were
entered into our prospective institutional review board-
approved database.

Fresh allograft tissue was obtained from healthy donors
between the ages of 16 and 40 years who met the criteria of

Table 1. Distribution of patient diagnosis and surgical procedures
before allograft surgery

Variable Number of knees

Diagnosis
Osteochondritis dissecans 58 (45.0%)
Traumatic chondral injury 29 (22.5%)
Degenerative chondral lesion* 20 (15.5%)
Avascular necrosis 19 (14.7%)
Osteochondral fracture 3 (2.3 %)

Previous surgical proceduresT
Chondral débridement 86 (73.5%)
Drilling and microfracture 47 (40.0%)
Removal of loose body 41 (35.0%)
Meniscal surgery 26 (22.0%)
Corrective osteotomy 3 (2.6%)
Extensor mechanism realignment 3 (2.6%)
Autologous chondrocyte implantation 1 (0.9%)

* Symptoms persisting for longer than 18 months without a discrete
identifiable episode leading to the lesion; fsome knees had more than
one procedure.
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the American Association of Tissue Banks [18]. All the
grafts passed a visual and tactile inspection of cartilage
quality. The grafts were processed at the University of
California, San Diego, regional tissue bank and stored at
4°C in lactated Ringer’s solution containing 1 g/L cefaz-
olin and 10 mg/L gentamicin. Transplantation was
performed within 7 days postmortem. Preoperatively,
donors and recipients were matched based on the medio-
lateral dimension of the tibial plateau using a standard AP
radiograph adjusted for magnification [12]. No blood or
tissue typing was performed and no immunosuppressive
therapy was employed.

Allograft surgery was performed through a midline skin
incision as described previously [12]. Once the lesion was
exposed, the location on the femoral condyle, size in cen-
timeters, and depth, including any involvement of
subchondral bone, were assessed, and either a shell or
dowel allograft technique was performed. For the shell
technique, the margins of the lesion were scored in a
geometric shape and the dissected tissue removed using
osteotomes and a high-speed burr (Fig. 1A). Matching
grafts were removed from the donor tissue and tailored to
fit the recipient site (Fig. 1B). For the dowel technique, the
margins of the cartilage lesion were outlined using cylin-
drical templates 15 to 35 mm in diameter, and a guide wire
was driven into the center of the lesion. The diseased
cartilage and subchondral bone were removed with a
cylindrical reamer, until normal bleeding bone was
encountered (5-10 mm total depth) (Fig. 2A). Matching
orthotopic grafts were harvested from identical anatomic
locations on the donor allografts using a coring reamer.
The grafts were copiously lavaged to remove residual bone
marrow elements. Fixation of the graft was achieved either
by press fit (Fig. 2B) or with the use of bioabsorbable pins
(OrthoSorb®; DePuy Synthes, Warsaw, IN, USA) (Fig. 1
C). The majority of knees had one or more previous sur-
geries before allograft surgery (Table 1). Bilateral knee
surgeries were performed in seven patients. The medial
femoral condyle was involved in 77 (60%) knees, the lat-
eral femoral condyle in 45 (35%), and both condylar
involvement in seven (5%). One hundred six (82%) knees
received a shell allograft and 23 (18%) received a dowel
allograft. The mean total graft surface area was 8.1 cm?
(range, 1-27 cm?). Ten knees had an additional procedure
performed at the time of allograft surgery: hardware
removal (n = 5), osteotomy (n = 2), and meniscectomy
(n = 3).

Postoperatively, full active ROM and protected
weightbearing were applied for a period of 8 to 12 weeks.
Closed-chain exercises were initiated at 4 weeks postop-
eratively. Progressive weightbearing was initiated at
12 weeks, depending on clinical assessment and radio-
graphic evidence of osseous integration. Patients were

Fig. 1A-C (A) An intraoperative photograph shows the femoral
condyle after removal of the diseased tissue and preparation of the
graft bed for shell allograft. (B) A shell allograft matched for size and
thickness is obtained from the donor tissue before transplantation.
(C) The shell allograft is in place, fixed with bioabsorbable pins.

Fig. 2A-B (A) An intraoperative photograph shows the femoral
condyle after removal of the diseased tissue and preparation of the
allograft bed with the cylindrical reamer, with the size-matched donor
dowel allograft. (B) The dowel allograft is in place, secured by press-
fit technique.

allowed to return to recreational and sports activity
6 months after surgery [3].

Clinical and functional evaluation was performed post-
operatively at 6 weeks, 3 months, 6 months, and annually
thereafter, using the modified Merle d’ Aubigné-Postel (18-
point) scale [4, 5], IKDC pain and function scores [20], and
Knee Society function (KS-F) scores [19]. One of the
authors (WDB) performed clinical patient assessment for 34
of the 122 patients (28%) who returned for followup for this
study. Eighty-eight patients (72%) did not return for fol-
lowup, but all completed the modified Merle d’Aubigné-
Postel, IKDC, and KS-F questionnaires by mail or
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telephone. We documented any additional surgeries after
the osteochondral allografting procedure, including opera-
tions considered not related to the allograft. We defined
osteochondral allograft failure as revision of the graft or
conversion to partial or total knee arthroplasty.

We calculated means and frequencies to describe char-
acteristics of the study population (sex, age, previous
surgeries on the operative knee, diagnosis), details
regarding the allograft (size, location, number of grafts),
and data collected at followup (number and type of reo-
perations, status of the allograft). Osteochondral allograft
survivorship was calculated using the Kaplan-Meier
method [22] with failure of the allograft (revision of the
allograft or conversion to arthroplasty) as the end point.
We performed univariate analyses (chi-square tests for
categorical variables and independent t-tests for continuous
variables) to determine which variables were associated
with allograft failure. Variables with p values less than 0.05
in the univariate analysis and variables suggested to be
related to graft failure in previous studies were entered into
a logistic regression analysis to evaluate the following risk
factors for allograft failure: sex, age, preoperative diagno-
sis, number of previous surgeries on the index knee, and
allograft size and location. After checking the data for
normality, we used paired t-tests to assess change in
patients’ pain and function scores from preoperative to
followup as measured by modified Merle d’Aubigné-
Postel, IKDC, and KS-F scores. SPSS® Version 13.0
(SPSS Inc, Chicago, IL, USA) was used for all analyses.

Results

The mean + SD modified Merle d’Aubigné-Postel score
improved (p < 0.001) from 12.1 £2.1 points to
16.0 £ 2.2 points (range, 7-18 points). At latest followup,
36% of the patients had scores of 18 points (maximum
possible), 43% 15 to 17 points, 19% 12 to 14 points, and
2% less than 12 points. The mean IKDC pain score
improved (p < 0.001) from 7.0 £ 1.9 points to 3.8 £ 2.9
points, the mean IKDC function score improved
(p < 0.001) from 3.4 £ 1.3 points to 7.2 + 2.0 points, and
the mean KS-F score improved (p = 0.005) from 65.6
points to 82.5 points (Table 2).

Of the 129 knees, 61 (47%) had an average of 1.5 &+ 0.7
(range, 1-4) further surgeries after the osteochondral
allografting procedure (Table 3). Thirty knees (23%) had
one or more reoperations not necessarily related to the
allograft. Thirty-one knees (24%) underwent reoperations
defined as osteochondral allograft failure. The mean time
to failure was 7.2 & 5.2 years (range, 1-19.7 years). Five
knees had a mean of 2.2 £ 0.8 surgeries before failure, and
26 knees failed without preceding surgeries.
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Table 2. Preoperative and followup clinical outcome measures

Outcome measure Preoperative Followup  p value
Modified d’ Aubigne-Postel 122 £21 160£22 <0.001

score (points)*

Excellent (18 points) 0% 35.5%

Good (15-17 points) 14.0% 43.0%

Fair (12-14 points) 48.4% 19.4%

Poor (< 12 points) 37.6% 2.1%
IKDC pain score (points)* 7.0 £ 19 38+£29 <0.001
IKDC function score (points)* 3.4 + 1.3 72 +£2.0 < 0.001
Knee Society function score 65.6 £ 15.5 825+ 17.5 0.005

(points)*

* Values are expressed as mean £ SD.

Table 3. Frequency and types of reoperations after allograft surgery

Reoperations Number
of knees
Reoperations not necessarily related to the
allograft*
Arthroscopic débridement 29 (22.5%)
Meniscectomy 3 (2.3%)
Meniscus repair 5 (3.9%)
Loose body removal 3 (2.3%)
ACL reconstruction 2 (1.6%)
Extensor mechanism realignment 1 (0.8%)
Osteotomy 1 (0.8%)
Heterotopic ossification removal 1 (0.8%)
Reoperations defined as allograft failure
Revision allograft 15 (11.6%)
Conversion to TKA 13 (10.1%)
Conversion to partial knee arthroplasty 3 (2.3%)

* Some knees had more than one procedure.

At followup, 98 of 129 (76%) knees did not have the
allograft surgically removed. Survivorship rates of the
osteochondral allograft were 89% (95% CI, 82%—94%) at
5 years, 82% (95% CI, 74%—88%) at 10 years, 74% (95%
CI, 66%—-81%) at 15 years, and 66% (95% CI, 57%—74%)
at 20 years (Fig. 3).

Age and number of previous surgeries were associated
with osteochondral allograft failure after controlling for the
other variables in the model (Table 4). Patients who were
30 years or older at the time of surgery were 3.5 times
more likely to fail than patients who were younger than
30 years. Patients who had two or more previous surgeries
in the operative knee before undergoing osteochondral
allografting were 2.8 times more likely to have a failure of
the allograft compared to patients who had one or no
previous surgeries.
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Fig. 3 A graph shows the overall graft survivorship and 95% Cls
with revision of the allograft or arthroplasty conversion as the end
point. Survivorship rates were 89% (95% CI, 82%-94%) at 5 years,
82% (95% ClI, 74%—-88%) at 10 years, 74% (95% CI, 66%—-81%) at
15 years, and 66% (95% CI, 57%—74%) at 20 years.

Table 4. Logistic regression analysis for variables predicting failure
of the osteochondral allograft

Predictor Reference group Odds ratio p value
compared to
reference
group

Age

> 30 years < 30 years 3.54 0.012

Diagnosis

Other Degenerative 3.73 0.062
chondral lesion

Number of previous

surgeries

2 or more <1 2.77 0.030
Graft location

Medial femoral Lateral femoral 2.23 0.099

condyle condyle

Discussion

Osteochondral allografting has emerged as an important
treatment for both posttraumatic reconstruction [1, 11, 16]
and cartilage restoration [4, 10, 13]. With the development
of commercial tissue banking programs for recovery,
processing, and storage of osteochondral allografts, the
availability of allograft tissue has increased, rendering this
treatment modality accessible to more surgeons and
patients. While a number of short-term studies [4, 6, 9, 14,
24, 26, 38] support the efficacy of osteochondral allograft
transplantation, few studies describe the long-term out-
comes of allografting of the femoral condyle [1, 15].

Therefore, we investigated the long-term outcomes of fresh
osteochondral allografting of the femoral condyle. Specif-
ically, we were interested in the long-term pain and
function, reoperation rates, graft survivorship, and param-
eters determining graft failure.

Our study had several limitations. First, being a retro-
spective case series, no control group was available, and
therefore we could not assess the success of this treatment
in comparison to other potential treatment modalities or to
the natural history of the diseased knee in the 91% of our
patients with surviving grafts. Second, one of our outcome
measures, the modified Merle d’ Aubigné-Postel score, has
not been validated for use in knees; however, it has been
used in our allograft program since 1983 and predates the
advent of other validated outcome measures. Although not
validated, it was a simple method, describing objective
measures of pain and function and allowing a historical,
intrasample comparison within our cohort. Third, we
obtained followup via telephone or mail for 72% of the
patients. Patient examination in person would have been
ideal, as this could have potentially uncovered more details
about patient status. Being a national referral center (with
patients having a wide geographic distribution) and based
on our previous experience in osteochondral allograft
outcome studies [9, 14, 21], we anticipated difficulties
obtaining personal clinical followup. As a result, we
designed the study so the important outcome measures
(pain, function, reoperation) were readily obtainable by
questionnaire via telephone or mail. Fourth, we lacked
radiographic followup. Although all patients were followed
radiographically until healing of the allograft was docu-
mented, long-term radiographic followup was available in
less than 25% of knees. Radiographic evaluation may have
added additional objective parameters not observed by
examination or questionnaire. Nevertheless, we were not
aware of any validated radiographic outcome measures
useful in followup of osteochondral allograft transplanta-
tion or other cartilage repair procedures.

All clinical outcome measures improved from preoper-
atively to latest followup and were comparable to short-
term clinical results of other cartilage repair procedures
[17, 28, 31, 34]. Preoperatively, using the modified Merle
d’Aubigné-Postel score, only 14% of our patients had a
score of 15 points or more, while postoperatively, 79% did.
Gross et al. [15, 16], using the modified Hospital for
Special Surgery score, reported a mean score of 83 of 100
points in 48 of 60 surviving grafts at 10 years after
osteochondral allograft transplantation of the femoral
condyle. Zaslav et al. [40] reported the outcome of autol-
ogous chondrocyte implantation in 126 patients. At
48 months’ followup, the mean modified Cincinnati knee
score improved from 3.3 points to 6.3 points. Although
comparisons to knee arthroplasty populations may not have
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been valid due to differences in patient demographics,
Keeney et al. [23], in a meta-analysis of TKAs in patients
younger than 55 years, reported an overall KS-F score of
81.6 points, comparable to our postoperative KS-F score.
This result may have reflected the lack of sensitivity of the
current Knee Society scoring system in young patient with
higher functioning knees.

Sixty-one of 129 knees (47%) underwent reoperation
after the index osteochondral allografting procedure. This
was a substantial reoperation rate and demands further
analysis. We determined whether further operations were
directly related to the allograft. We defined two types of
operations: those resulting in removal of allograft (revision
or arthroplasty) and those not directly related to allograft
failure. Thirty of 61 (23% of entire study population) knees
had reoperations that did not involve removal of the allo-
graft; all had some form of arthroscopic treatment. This
was not surprising for a young active population in which
further knee injury (meniscus tear/ACL tear) or onset of
new knee symptoms requiring further surgery was not
uncommon. Zaslav et al. [40] reported on 126 patients
undergoing autologous chondrocyte implantation after
failed chondroplasty or microfracture. At 48 months’ fol-
lowup, 49% underwent further surgery. Minas et al. [29]
reported a 26% failure rate for autologous chondrocyte
implantation in patients who had undergone prior marrow
stimulation procedures. Thirty-one of 61 (24% of entire
study population) knees had reoperation with removal of
the allograft. Fifteen knees underwent revision allografting
and 16 had a conversion to arthroplasty. The decision to
either revise the allograft or convert to arthroplasty
included clinical variables, mode of failure of the primary
surgery, progression of arthritis, and the patient’s and
surgeon’s desire to avoid arthroplasty. We believe the
ability to revise an allograft to another allograft is an
important advantage of the osteochondral allografting
procedure. Further study of the outcomes of revision allo-
grafting and arthroplasty after osteochondral allograft
transplantation is warranted. Although there are no com-
parable studies documenting reoperation rates in patients
with osteochondral allograft, Gross et al. [15] reported 12
failures in 60 patients but did not report total number of
reoperations. In a study of patients undergoing autologous
chondrocyte implantation after failed marrow stimulation,
Minas et al. [29] reported a 26% failure rate.

One of the most important questions regarding the use of
osteochondral allografting in knee restoration has been
durability. While many studies have shown short-term graft
survival, many patients want to know how long the allo-
graft will last. Survivorship is a recognized method of
determining the durability of a procedure or implant [22].
Our survivorship rates of 82% at 10 years and 74% at
15 years are comparable to reported survivorship of
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osteochondral allograft transplantation for posttraumatic
reconstruction of the tibia and the distal femur [1, 35].
Shasha et al. [35] reported on 65 fresh tibia osteochondral
allografts for failed tibia plateau fractures. At a mean of
12 years, 21 of 65 patients had undergone conversion to
TKA. Survivorship was 80% at 10 years and 65% at
15 years. Aubin et al. [1] reported survivorship in a cohort
of 72 patients undergoing surgery for defects of the femoral
condyle. Twelve patients were lost to followup and 12 had
failed at the mean 10-year followup. Survivorship was 85%
at 10 years and 74% at 15 years.

We used a logistic regression model to attempt to
determine which variables were associated with clinical
failure of the osteochondral allografting procedure. We
chose to determine predictors of failure rather than success,
as failure was more easily defined in this diverse patient
population. The model showed only two variables associ-
ated with a greater risk of failure: age of greater than
30 years and two or more prior surgical procedures. No
correlation was noted with patient sex or graft size. It is
possible the size of the study population or number of
failures was insufficient for the logistic regression model to
predict other potential risk factors, such as preoperative
diagnosis or graft location. Other studies [11, 27] have
demonstrated a higher failure rate with osteochondral
allografting in older patients, uncorrected limb malalign-
ment, diagnosis of osteoarthritis, and bipolar allografts.
Younger individuals with no more than one previous
operation have appeared to be the best candidates for
allografting of the femoral condyle.

Osteochondral allografting is an increasingly common
restorative procedure for a wide variety of knee patholo-
gies. This study demonstrated fresh osteochondral
allografting was a successful and durable treatment for
chondral and osteochondral lesions of the femoral condyle.
Further investigation is warranted to better understand
factors leading to clinical failure.
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