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Background: Fresh osteochondral allograft (OCA) transplantation is an effective treatment for osteochondral defects. Some
patients require further surgical intervention, such as total knee arthroplasty (TKA). The effects of prior OCA transplantation on TKA
outcomes are unknown.

Purpose: This study evaluated TKA failure rates after long-term follow-up and identified factors that may have contributed to an
inferior outcome. Its aims were to (1) assess if having a prior OCA transplantation would increase the surgical complications of
the subsequent TKA, (2) measure the infection and failure rates following TKA, (3) ascertain subjective outcomes scores from
patients with intact TKA at latest follow-up, and (4) identify potential factors that contributed to inferior outcomes.

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

Methods: A total of 35 patients who underwent TKA after OCA were identified. Pain, symptoms, function, and quality of life were
evaluated using the Knee Society Function score and Knee injury and Osteoarthritis Outcome Score (KOOS). Associations
between outcomes scores versus total number of surgeries before TKA were assessed using Spearman correlation. Patient
characteristics (age, sex, total OCA area, presentation of osteoarthritis, and number of surgeries before TKA) were calculated
between failures and nonfailures.

Results: For patients with TKA surviving at latest follow-up (n¼ 24), mean follow-up time was 9.2 ± 4.3 years after TKA and 16.1 ±
5.2 years after OCA. While TKA after OCA did not present a technical challenge in the operating room, there was a high failure
rate (31.4%). Activities of daily living, as measured on KOOS, were negatively correlated with total number of surgeries before
TKA (r2¼ –0.5, P¼ .041). Patient age and number of surgeries before TKA influenced the failure rate, while sex and OCA area did
not appear to be factors associated with inferior outcomes.

Conclusion: Patients with multiple knee operations before TKA were more likely to experience functional limitations or TKA failure.
The patients who experienced TKA failure were part of a challenging subset of young patients treated with numerous orthopaedic
procedures, and while these patients had inferior results with TKA after OCA, the OCA transplantation extended the time before a
TKA was required without adding surgical complications.
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Fresh osteochondral allograft (OCA) transplantation is an
effective, durable treatment option for isolated femoral or
tibial osteochondral defects.2,9,12,16-19,22,38 Many studies
have shown good to excellent results in 70% to 85%
of patients at 10-year follow-up2,19,38 with documented

histologic viability of the transplanted chondrocytes.40

OCA survivorship is 95% at 5 years, 71% to 89% at 10
years, and 65% to 76% at 15 to 20 years in patients treated
for femoral condyle lesions, posttraumatic knee defects,
osteonecrosis, and osteochondritis dissecans.9,13,17,19,28

While a majority of patients benefit from OCAs, often
times, OCAs can fail or result in inferior clinical outcomes
(such as the progression of joint arthritis) and subse-
quently require further surgical intervention.

Total knee arthroplasty (TKA), a surgical procedure that
replaces native joint tissue with a mechanical implant to
bear load and facilitate joint movement, is often used to
treat end-stage osteoarthritis with clinical success. TKA
has excellent results and survivorship, as reported in many
studies.11,14,15,21,35,37 A typical patient of age �65 years is
recommended, and patients experience a reduction in
symptoms and an overall improvement in quality of life.
In contrast, younger patients often have a high level of
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residual symptoms after TKA and higher revision rates
versus older patients.33 In younger patients, TKA survi-
vorship of an average of 15 years means a revision will
likely be required during an individual’s lifetime. Specifi-
cally, patients younger than 40 years can only expect a
50% chance of good to excellent Knee Society function
scores and a revision rate of 12.5% at 8 years.29

Results from revision TKA are documented to be inferior
to those from primary TKA.8 If an OCA can allow a patient
to function well for 10 to 15 years and avoid TKA, that
patient may benefit from a decreased need for revision dur-
ing his or her lifetime. Conversely, if OCA makes TKA more
difficult or the patient has a worse outcome than a patient
who has never had an allograft, perhaps the patient’s inter-
est would be better served by proceeding directly to a TKA.
A large number of patients have undergone osteochondral
allografting of the knee at our institution. Here, we ana-
lyzed 35 such patients who had an OCA followed by TKA
either for allograft failure or progression of osteoarthritis.

The purpose of this study was to evaluate the outcomes
of TKA after isolated OCA transplantation. Specifically,
we aimed to (1) assess whether having a prior OCA trans-
plantation would increase the surgical complications of
the subsequent TKA; (2) measure the infection and failure
rates following the TKA; (3) ascertain pain, symptoms, func-
tion, and quality of life among patients whose TKA was still
intact at latest follow-up; and (4) identify potential factors
that may have contributed to an inferior outcome.

MATERIALS AND METHODS

After receiving institutional review board approval, we
identified 39 patients (39 knees) who had TKA after OCA
transplantation using our outcomes database, which
tracks patient outcomes by obtaining long-term follow-up
information by phone, mail, or office visits. Patients with
osteotomy or infection prior to TKA were excluded.
Patients who qualified for workers’ compensation were not
excluded, and this information was not analyzed in the
study. Four patients (4 knees) did not have a minimum
1-year follow-up and were excluded from the study. The
remaining 35 patients (35 knees) comprised the study pop-
ulation. The mean age at time of TKA was 47.8 ± 11.5
years (range, 30-73 years), and 68.6% were female.

Patients presented for allograft transplantation because
of osteoarthritis (n ¼ 11 knees), degenerative chondral
lesion (n ¼ 8 knees), traumatic chondral injury (n ¼ 8
knees), avascular necrosis (n ¼ 4 knees), osteochondritis
dissecans (n ¼ 2 knees), and osteochondral fracture (n ¼
2 knees). Allografts were performed on various sites and,
in some cases, multiple sites. More than 1 site was grafted
(multifocal or bipolar allografts) in 20 patients, whereas 15
patients were treated with an allograft at a single site,
including 1 lateral femoral condyle, 10 medial femoral con-
dyles, 3 patellae, and 1 trochlea. Multifocal and bipolar
lesions were treated with allografts within many regions
of the knee, including at both condyles (4 knees), at the con-
dyle and tibial plateau (6 lateral, 4 medial), at the condyle
and patella (1 lateral, 1 medial), and in regions involving

the trochlea (4 with patella, 1 with medial condyle). The
mean total area of the allograft(s) was 14.7 cm2 (range,
1.5-34.8 cm2). The average time from OCA transplantation
to TKA was 5.9 years (range, 0.5-19.7 years) for all 35
patients. Patients had an average of 4 surgeries (range,
1-14 surgeries) on the affected knee prior to TKA. Although
all allograft procedures were performed at our institution,
the subsequent TKAs were performed by several different
surgeons; 8 patients (23%) had their TKA performed at our
institution, while 27 patients (77%) elected to undergo
surgery at an institution closer to their homes. The need for
stems, augments, exposure problems, and bone graft were
evaluated as dictated in the operative notes when available.

Follow-up was conducted by contacting patients via
telephone. Incidence of postoperative infection and re-
operations were assessed. Failure of the TKA was defined
as revision arthroplasty or a reoperation resulting from a
complication of the arthroplasty. For cases with successful
TKA, pain, symptoms, function, and quality of life
were evaluated using the Knee Society Function (KS-F)
score and the Knee injury and Osteoarthritis Outcome
Score (KOOS). Associations between outcomes scores
(KS-F, and KOOS symptoms, pain, activities of daily liv-
ing, sports and recreation function, and quality of life) ver-
sus total number of surgeries before TKA were assessed
using Spearman correlation. The association between the
total number of surgeries before TKA and TKA failure was
assessed using an independent-samples t test. Survivor-
ship of TKA, using revision or reoperation as the endpoint,
was computed using the Kaplan-Meier method.

Patient characteristics (age, sex, total OCA area, pre-
sentation of osteoarthritis, and number of surgeries before
TKA) were calculated between TKA failures and non-
failures. Differences between the 2 groups were evaluated
by independent-samples t tests (for age), the Mann-
Whitney U test (for number of surgeries before TKA and
total OCA area), and Fisher exact test (for sex and presen-
tation of osteoarthritis).

RESULTS

Surgical Complications

Review of the available operative reports (n ¼ 22) revealed
that there was no documented need for extended exposure
for any patient. However, 1 patient (2.9%) required a stem
and augmentation for revision from a unicompartmental
knee arthroplasty to a TKA, subsequent to the OCA. In
addition, 1 patient (2.9%) required bone graft to supple-
ment a femoral condyle defect at the time of the subse-
quent TKA, and a primary implant was used.

Infection and Failure Rates

The postoperative infection rate was 5.7%, as 2 of 35
patients developed an infection after TKA. Of these
infected patients, 1 was treated by incision and drainage
with a polyethylene liner exchange, and the other eventu-
ally required an above-knee amputation. Both patients
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had multiple surgeries prior to their TKA, with 4 surgeries
and 9 surgeries, respectively.

Eleven of 35 (31.4%) TKAs failed, requiring revision
arthroplasty in 10 patients and an above-knee amputation
in 1 patient (Table 1). Failure was due to pain in 4 patients
(36%), loosening in 3 patients (27%), polyethylene wear in 2
patients (18%), and infection in 2 patients (18%). The mean
time to failure was 7.0 ± 5.2 years (range, 0.2-14.1 years).
Survivorship was 74% at 10 years (Figure 1).

Pain, Symptoms, Function, and Quality of Life

Twenty-four of 35 (69%) TKAs were still intact at latest
follow-up. The mean follow-up time was 9.2 ± 4.3 years
(range, 3.3-17.2 years) after TKA and 16.1 ± 5.2 years
(range, 7.0-27.4 years) after OCA transplantation; thus,
the mean time from OCA transplantation to TKA was
6.9 years (range, 0.5-19.7 years). At latest follow-up, sub-
jective outcomes scores were available for 17 to 21 patients
and were mediocre, demonstrating the adequacy of such
TKA procedures to treat such a challenging subset of
patients. Mean KS-F was 73.3 ± 23.9, and the mean scores
on KOOS symptoms, pain, and ADL ranged from 78.0 to
81.1; KOOS sports/recreation and quality of life were
lower, with means ranging from 46.8 to 55.7, but this is
expected given the nature of those scales.

The majority of patients whose TKAs were still intact
at latest follow-up (87.5%) had multiple surgeries (mean,
3.1 ± 1.4 procedures; range, 1-6 procedures) in addition
to the OCA transplantation performed on their knees prior
to TKA. Activities of daily living, as measured using
KOOS, were negatively correlated with total number of
surgeries before TKA (r2¼ –0.5, P ¼ .041). There was a neg-
ative correlation between KOOS pain, sports/recreation,
and quality of life scores and the number of surgeries
before TKA (all r2 ¼ –0.4 to –0.5), but they were not statis-
tically significant (P ¼ .095, .112, and .100, respectively).
KS-F scores and KOOS symptoms scores were not corre-
lated with number of surgeries before TKA.

Patient age and number of surgeries before TKA influ-
enced the failure rate, while sex and OCA area did not
appear to be factors associated with inferior outcomes
(Table 2). The patients with failed TKAs were younger than
patients with nonfailures (42.8 vs 50.2 years, P < .05). In
addition, patients with failed TKAs had twice as many pre-
vious surgeries than patients with nonfailures (5.9 vs 3.1
procedures, P < .01). Patients with failed TKAs tended to
have been treated with OCA for osteoarthritis more often

TABLE 1
Patient Characteristics and Operative Details Among Patients With a Failed TKA After OCA Transplantation (n ¼ 11)a

Sex
Reason
for OCA

OCA
Area, cm2

Age
at TKA, y

Surgeries Before
TKA, n

Time From TKA
to TKA Failure, y Failure Type

Reason for
TKA Failure

F TCI 8.0 40 2 3.5 TKA revision Pain
F DCL 8.8 41 4 6.2 TKA revision Pain
F OA 20.0 44 14 0.6 TKA revision Pain
F DCL 12.0 49 5 Unknown TKA revision Pain
F OA 30.0 31 4 13.8 TKA revision Loosening
F OA 3.0 34 5 14.1 TKA revision Loosening
M TCI 7.5 48 3 3.0 TKA revision Loosening
M OA 21.0 36 2 12.5 TKA revision Polyethylene wear
M OA 14.2 46 6 9.2 TKA revision Polyethylene wear
F TCI 6.9 46 9 7.2 Amputation Infection
F OA 26.0 51 4 0.2 TKA revision Infection

aDCL, degenerative chondral lesion; F, female; M, male; OA, osteoarthritis; OCA, osteochondral allograft; TCI, traumatic chondral injury;
TKA, total knee arthroplasty.

Figure 1. Kaplan-Meier curve of 35 knees that underwent
total knee arthroplasty following osteochondral allograft
transplantation.
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than patients with nonfailures (55% of patients vs 21% of
patients, P ¼ .06). Sex and OCA area did not vary between
patients with failed and nonfailed TKAs (both P > .5).

DISCUSSION

The results demonstrate that TKA after OCA transplanta-
tion did not present added technical challenges and that
failures of such patients were associated with persistent
pain, the total number of surgeries prior to TKA, and
patient age. Overall, the outcome scores were negatively
correlated with the number of surgeries prior to TKA.
These results suggest that younger patients that under-
went multiple surgeries to address issues with persistent
pain were at a higher risk for failed TKA than patients
who had fewer surgeries prior to TKA and were older. Fail-
ure of TKA may also be related to the disease state, specifi-
cally if OCA transplantation was used to treat osteoarthritis,
but further studies with a larger cohort are needed to
investigate the relationship among disease state, treat-
ment outcomes, and failure rates.

Examining the outcomes of TKA after isolated OCA
transplantation required consideration of several issues.
Even with a cohort number that was relatively small, and
incomplete follow-up on some (approximately one third)
patients’ operative reports, there were clear associations
between the number of previous surgeries and outcomes,
and no added technical challenges within the subset. How-
ever, while limited conclusions on the complexity of the
surgical procedure can be made and we were unable to fil-
ter out any bias from the operative reports, the lack of
added technical challenges reported suggests that the
OCA procedure did not significantly impact the subse-
quent TKA in the operating room. While postoperative
radiographs may be able to definitely determine if there
was a malposition of the TKA components, we chose to use
clinical outcomes and not radiographic ones for postopera-
tive evaluations as the subjective pain measure was a
more useful metric of revision in this cohort, and persis-
tent pain contributed to the patient’s need for surgical
intervention. While TKAs were performed by different
institutions, the indications to convert the OCA to a TKA
were similar. Once that decision was made, it was most
reasonable to have the TKA performed at the patient’s
home institution. This is the difficulty with following a
group that has traveled to an institution for a very specific
intervention (OCA transplantation) but did not return to

the same institution for TKA, choosing instead to stay
closer to home.

This subset of patients represents an important experi-
ence to guide decision making in the cartilage repair treat-
ment algorithm, as the implications for subsequent TKA
are unknown and relevant to alleviate patient inquiries.
The TKA after OCA cohort was a unique group, being both
very young and having had multiple surgeries for various
reasons before and after TKA. Selecting patients of similar
indications was difficult and a limitation of this study;
however, the broad scope of disease for the patients iden-
tified here suggests the value of OCA transplantation as
a salvage procedure to extend the time before TKA and the
need to study these procedures in tandem. While it is dif-
ficult to conclude the primary cause of the TKA failure, it
was likely that similar results may occur in young patients
with multiple open surgeries irrespective of the type of
procedures performed. This conclusion suggests that OCA
transplantation is useful for salvage situations to extend
the time before TKA. However, further studies examining
these 2 groups matched for age, indication, and follow-up
are needed to make any further conclusions about the
direct effect of OCA transplantation on TKA failure.

Total knee arthroplasty after isolated OCA transplanta-
tion does not appear to present a significant technical
challenge during surgery. No patient required stems, aug-
ments, or an extended exposure for conversion of their
OCA to a TKA. While 1 patient required a stem and aug-
mentation for revision from a unicompartmental knee
arthroplasty to a TKA (subsequent to the OCA) and
another patient required bone graft, the TKA procedures
were not affected by these technical challenges. The
implantation of OCA, when performed without osteotomy,
does not change the alignment of the knee or penetrate
deeply into the subchondral bone. Therefore, the straight-
forward conversion to TKA is not surprising. The high fail-
ure rate reported in this study was surprising given that
the conversion to TKA was straightforward in all patients.
This suggests that patient factors, especially number of
previous surgeries, rather than technical reasons for revi-
sion of the TKA may influence outcomes.

The high failure rate reported in this study (31.4%) was
consistent with the high rates reported in the literature
(17%) for outcomes of TKA after OCA transplantation.31

In a previous report of 33 patients, most patients under-
went osteotomy in addition to the OCA transplantation
(12 high tibial and 6 distal femoral)31; thus, the sample
size of the remaining patients who did not undergo

TABLE 2
Patient Characteristics and Operative Details Among TKA Failures and Nonfailuresa

Characteristic TKA Failures (n ¼ 11) TKA Nonfailures (n ¼ 24) P Value

Age at TKA, y, mean (SD) 42.8 (6.5) 50.2 (12.6) .030
Female, % 72.7 66.7 .521
Osteochondral allograft area, total cm2, mean (SD) 13.8 (9.3) 15.2 (9.1) .695
Presenting for OCA due to osteoarthritis, % 54.5 20.8 .062
Number of surgeries before TKA, mean (SD) 5.9 (3.4) 3.1 (1.4) .003

aOCA, osteochondral allograft; TKA, total knee arthroplasty.
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simultaneous osteotomy at the time of OCA transplantation
was limited. Because a previous osteotomy has been shown
to increase the difficulty of a subsequent TKA,25,30,32 the
authors concluded that the outcomes of these patients
were influenced more by the osteotomy than the allograft.
In addition, the large number of patients with multifocal
and bipolar lesions who were treated here (n ¼ 20) may
have contributed to the poor failure rates, as larger lesions
covering more than 1 surface often have inferior outcomes
versus isolated lesions when treated with OCA.3,6 The
high failure rates reported suggest that we need to further
evaluate which factors influence repair outcomes.

The relatively mediocre outcomes scores in our TKA
after OCA transplantation cohort may be secondary to the
patient population. Patients were young (mean age, 47.8
years) and had multiple previous surgeries prior to TKA
(mean, 4 procedures). Patients who are younger at the
time of their TKAs have been shown to have more pain and
lower outcomes scores than older patients.5,8,39 In addi-
tion, younger patients were more likely to be revised for
reasons other than infection,24 and early revisions in
young patients had worse outcomes versus late revisions
in older patients.20 According to the Finnish registry,
overall survival rate at 5 years in patients younger than
55 years was significantly lower than the survival rate for
patients older than 65 years (92% vs 97%, respectively).24

In our study, more than one third of the patients under-
going revision TKA were revised because of persistent
pain, which was consistent with high levels of residual
pain following TKA in young patients.33 If these patients
are excluded from the analysis, the overall revision rate
would be 15%, a number more consistent with revision
rates in younger patients and with a previous study on
TKA after OCA transplantation patients, which had a
revision rate of 17%.31 A psychosocial element may be
present in this cohort, with persistent pain being an
important reason for revision TKA. The poor subjective
scores reported may be influenced by the number of workers’
compensation patients treated, as, at the time of the study,
about one third of patients undergoing OCA transplantation
qualified for workers’ compensation, although the exact num-
ber of patients who qualified for workers’ compensation was
unknown. Workers’ compensation patients often have worse
outcomes than non–workers’ compensation patients.4,7,30

Patients undergoing TKA for a workers’ compensation case
had lower postoperative Knee Society scores compared with
the non–workers’ compensation group (64 vs 93 points,
respectively)30 and significantly worse scores for subjective
indices (pain, function), but not for objective indices, after
TKA when compared with non–workers’ compensation
patients.4

The infection rate in TKA after OCA transplantation
was 5%, higher than the rate of 1% to 2% for a primary
TKA.23,26,27 However, given the small number of patients
studied, conclusions from this analysis are limited. Only
2 patients developed infection prior to TKA, and both
patients had undergone multiple prior operations on the
knee, with an average of 4 procedures (range, 1-14 proce-
dures) prior to TKA. No study has evaluated outcomes
of TKA after multiple prior operations, but outcomes of

patients undergoing TKA after open reduction and inter-
nal fixation for a tibial plateau fracture have been docu-
mented to have lower outcomes scores and higher
revision and infection rates.36 Patients undergoing TKA
after prior tibial or femoral osteotomy have also been docu-
mented to have lower outcomes scores and higher infec-
tion and revision rates.5,30,32 Even patients undergoing
knee arthroscopy prior to TKA have been documented to
have a higher revision rate, with a survival rate of 87%
after 10 years compared with 98% in patients without pre-
vious surgery.34

CONCLUSION

Total knee arthroplasty after isolated OCA transplanta-
tion does not appear to present a significant technical
challenge during surgery. However, outcomes for patients
undergoing TKA after OCA transplantation are inferior to
standard TKA patients reported in the literature.1,10 The
infection rate for TKA after OCA transplantation was
higher than historical controls but may be related to the
numerous previous surgeries that these patients had
experienced and the small sample size. Overall, we sug-
gest that a previous OCA surgery prior to TKA may not
directly affect revision rate and outcomes, and the number
of open surgeries may be a more relevant variable than the
type of procedure. The patients who experienced TKA fail-
ure were part of a challenging subset who were not made
better by any of the orthopaedic procedures, including
OCA transplantation, TKA, or other surgical procedures.
Thus, while complications and revisions may occur in
these young patients, the OCA transplantation did extend
the time before requiring a TKA without leading to addi-
tional technical challenges.
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