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Abstract

Objective: The objective of this study was to assess the outcome of osteochondral allograft (OCA) transplantation as a
salvage procedure after various cartilage repair surgeries. Design: One hundred sixty-four knees in 163 patients (mean age =
32.6 years; range = | [-59 years; 55% males) were treated with OCA transplantation after subchondral marrow stimulation
(SMS), osteochondral autograft transplantation (OAT), and autologous chondrocyte implantation (ACI). The majority of
previous procedures were isolated SMS in 145 knees (88.4%). Mean allograft size was 8.5 + 7.9 cm®. The most common
location was in femoral condyle. The number and type of reoperations on the operative knee were assessed. Failure of
the OCA transplantation was defined as any reoperation resulting in removal of the allograft. Functional outcomes were
evaluated. Results: Sixty-eight knees had reoperations after OCA transplantation. Thirty-one knees (18.9%) were classified
as allograft failures. The median time to failure was 2.6 * 6.8 years (range = 0.7-23.4 years). Survivorship of the graft was
82% at 10 years and 74.9% at |5 years. Patients whose grafts were still in situ had a mean of 8.5 £+ 5.6 years of follow-
up. Scores on all functional outcomes scales improved significantly from preoperatively to latest follow-up. Eighty-nine
percent of OCA transplantation patients reported being “extremely satisfied” or “satisfied.” Conclusion: Despite the high
reoperation rate, OCA transplantation is a successful salvage surgical treatment after cartilage repair procedures. This
cohort showed improved survivorship and functional outcomes of OCA transplantation after SMS, ACI, and OAT.
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size. Recently, a major concern has been raised about suc-
cessive procedures in cartilage repair, especially when the
ACI is shown to fail three to five times more frequently
when performed after previous cartilage repair procedures
such as SMS and OAT.>'*"

Large cartilage lesions can also be caused by other dis-
eases such as osteochondritis dissecans (OCD), avascular
necrosis (AVN), and trauma.'>'®"” These cartilage lesions
with areas greater than 2 to 4 cm’ are associated with

Introduction

Chondral and osteochondral lesions are described in 34% to
62% of knee arthroscopies'™ and can be present in up to
50% of asymptomatic athletes.’ Frequently found in young
and highly active patients, a cartilage injury can cause major
clinical disability.® Cartilage injuries have shown low
potential to regenerate. Although the process is not com-
pletely understood, cartilage lesions degenerate over time
and may progress to osteoarthritis.”*

Several cartilage surgeries have been described, such as

autologous chondrocyte implantation (ACI), subchondral
marrow stimulation (SMS), osteochondral autograft trans-
plantation (OAT), and osteochondral allograft (OCA) trans-
plantation *'° In case of a failed cartilage repair, successive
cartilage repairs are performed according to several treat-
ment algorithms that have been reported in the literature.'' "
Susceptive attempts of cartilage restoration can damage the
subchondral bone. 30% to 50% of patients after an SMS
procedure presented subchondral bone damage.'® Several
attempts of prior treatment may also increase the lesion
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damaged subchondral bone and are considered an indication
for an OCA transplantation.'>**** In such cases, the OCA
procedure can immediately restore the structure of the carti-
lage by transplanting an equivalent-sized fragment of fresh
allograft cartilage with supportive subchondral bone.
Although the OCA transplantation has shown consistent
improvement in functional outcomes and reliable survivor-
ship in the literature,"'*** no particular study focused on
evaluating the influence of various previous cartilage repair
procedures in the final outcome of OCA transplantation.

Material and Methods

From 1983 to 2011, data from more than 800 OCA proce-
dures have been prospectively collected and entered into
our institution’s institutional review board-approved out-
comes database. Of these, 163 patients (164 knees) under-
went cartilage repair surgery prior to the OCA transplantation
and had a minimum follow-up of 2 years. Patients whose
grafts were still in situ had a mean of 8.5 + 5.6 years of
follow-up. Patients with failed previous SMS, OAT, implan-
tation of synthetic bone plugs, or ACI were included.

Patients were examined in the clinic to measure current
pain levels, joint function, and satisfaction with the proce-
dure. Patients unable to return to follow-up were contacted
by telephone and mail. Telephone solely followed-up reop-
eration data. Clinical scores were obtained by mailed
questionnaires.

All OCA transplantations were performed between 1983
and 2011 by two surgeons. The indications of these surger-
ies were focal osteochondral lesions with International
Cartilage Repair Society (ICRS) grades 3 and 4, patients
who had failed previous surgical treatment and/or wished to
avoid prosthetic arthroplasty.

Osteochondritis dissecans and degenerative condral
lesions accounted for 64% of the cases. The medial femoral
condyle (44.8%) was the most common location of the car-
tilage injury (Table 1). SMS was the most common isolated
previous procedure (88.4%). One or two prior procedures
had been performed in 58% of the patients (Table 2).

Forty-five patients had concomitant procedures during
OCA surgery. Concomitant surgeries included 24% hard-
ware removal, 11% lateral retinacular release, 11% high
tibial osteotomy, 3.6% distal femoral osteotomy, and 35%
other procedures (arthroscopy, loose body removal, syno-
vectomy, and anterior cruciate ligament reconstruction).

All patients had clinical evaluation preoperatively and
postoperatively with the modified Merle d’ Aubigné-Postel
(18-point) scale,®® International Knee Documentation
Committee (IKDC) subjective knee evaluation form,”’
Knee injury and Osteoarthritis Outcome Score (KOOS),
and the Knee Society function (KS-F) scale.”® The Merle
d’Aubigné-Postel (18-point) scale was modified to the

Table I. Patient Demographic Information and Clinical
Assessment.

Measure Mean * Standard Deviation
Age, years 326 £ 10.6
Body mass index, kg/m? 26.1 £4.7
Male/female 90/74
Median allograft size, cm? 68 +8.0

n (%)

Diagnosis

Osteochondritis dissecans 58 (35.6%)

Degenerative chondral lesion 47 (28.8%)
Traumatic chondral injury 34 (20.9%)
Osteoarthritis 15 (9.2%)
Avascular necrosis 7 (4.3%)
Tibial plateau fracture | (0.6%)
Osteochondral fracture | (0.6%)

Location of the graft

Medial femoral condyle 73 (44.8%)

Lateral femoral condyle 27 (16.6%)
Trochlea 15 (9.2%)
Patella 5(3.1%)
Lateral tibial plateau 2 (1.2%)
More than one location 41 (25.1%)
Number of grafts
One allograft 103 (63.2%)
Two allografts 42 (25.8%)
Three allografts 12 (7.4%)
Four allografts 6 (3.7%)

Table 2. Frequency and Type of Previous Cartilage Repair.

Procedure n Percentage
Method
Arthroscopic 112 68.3
Arthroscopic and open 48 293
Open 4 24
SMS 145 88.4
OAT and SMS 5 3
ACl and SMS 5 3
OAT 3 1.8
ACI and SMS and synthetic plugs | 0.6
Periosteal implant | 0.6
Number of previous surgeries
One surgery 46 28
Two surgeries 49 29.9
Three surgeries 34 20.7
Four surgeries 9 5.5
Five or more surgeries 26 I5

SMS = subchondral marrow stimulation; OAT = osteochondral autograft
transplantation; ACI = autologous chondrocyte implantation.



100

Cartilage 6(2)

Figure |. Intraoperative photograph of dowell technique after a failed autologous chondrocyte implantation in the medial femoral
condyle. (A) A medial arthrotomy is performed, and the failed ACl is identified. (B) The diameter of the defect is prepared for the
first allograft. (C) Two divergent k-wires are used to hold the allograft in place and the “snowman” technique is performed. (D) The

second plug of the allograft is tailored and fitted into the defect.

range of motion (ROM) feature with values relevant to the
knee rather than the hip. This scale includes physical exami-
nation characteristic and includes a maximum of 6 points
each for pain, knee ROM, and knee function for a total of 18
points. Patient satisfaction using a 5-point scale was
recorded. Survivorship was based on the time to failure.
Failure was considered any reoperation resulting in removal
of the graft, such as allograft revision, and any form of
arthroplasty and arthrodesis.

Surgical Technique

All surgeries were performed through a medial or lateral
parapatellar arthrotomy. The size of the lesion was recorded
and the nonviable tissue found was debrided to a depth nec-
essary to achieve a homogeneous bleeding surface of sub-
chondral bone, generally around 6 to 8 mm of depth.>* Then
the lesion was prepared in a geometric format to a depth of
3 to 8 mm (Figs. 1A, B and 2A, B, D). For lesions up to 10
cm’, a dowel technique was used. For lesions larger than 10
cm?, a shell allograft technique was chosen, as described in
previous reports.”*’ To decrease the immunogenicity of the
graft, the immunogenic elements of marrow from the osse-
ous surface was washed out with a pulsatile lavage. The
graft was tailored into a shape matching the lesion and trial
fittings were performed until a well-positioned graft was

achieved. The grafts were fixed either by press-fit fixation
(Figs. 1C, D and 2C, E) or with the use of bioabsorbable
pins (Chondral Dart; Arthrex, Naples, FL, USA).

Postoperatively, our rehabilitation protocol was fol-
lowed. Patients participated in full active ROM with no
weightbearing for 8 to 12 weeks. After patellofemoral trans-
plantation, patients were allowed passive ROM, and
weightbearing as tolerated with the knee locked in exten-
sion for 3 to 4 weeks. Generally after 6 months, patients
were allowed to participate in recreational and sports activi-
ties. All patients were followed clinically and radiographi-
cally until graft healing was achieved.

Statistical Analysis

Means and frequencies were calculated to describe patient
demographics (age, sex, body mass index [BMI], number of
previous surgeries on operated knee, diagnosis), surgical
details (graft size, number of grafts, location of graft, con-
comitant procedures), and follow-up data (follow-up dura-
tion, number and type of further surgeries, patient
satisfaction). Osteochondral allograft survivorship, with
removal of the allograft as the endpoint, was calculated
using the Kaplan—-Meier method. Wilcoxon signed-rank
tests were used to compare preoperative and postoperative
changes on the modified Merle d’ Aubigné-Postel (18-point),
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Figure 2. Intraoperative photograph of a failed osteochondral autologous transplantation for the patella and trochlea; the donor area
also failed to regenerate. (A) A medial arthrotomy is performed; the patella everted and the failed OAT is identified. (B) The diameter
of the defect is measured and the patellar lesion is prepared for one plug. (C) The allograft is press-fit into the defect. (D) After the

measurement of the defect, trochlear area is prepared for the transplantation of two plugs (“snowman” technique). (E) The allograft is

inserted in the defect.

IKDC, KOOS, and KS-F scores. Comparison of OCA fail-
ures and nonfailures on select variables were performed
using chi-square tests for categorical variables and indepen-
dent samples ¢ tests (or Mann—Whitney U-test when appro-
priate) for continuous variables. Statistical significance was
set at P < 0.05. SPSS Version 13.0 was used for all analyses
(IBM Corporation, Armonk, NY, USA)

Results

Sixty-eight knees (41.5%) had reoperations after OCA trans-
plantation with 24 knees submitted for more than one surgery.
Some reoperations were not related to graft removal or
debridement (Table 3). Of the patients who had reoperation,
31 (45.6%) OCA transplants were considered failures. Of 164
knees, 18 (11%) failed knees were converted to total knee
arthroplasty, 9 (5%) failed knees had an OCA revision, 2
(1.2%) failed knees were converted to unicompartmental knee
arthroplasty, 1 (0.6%) failed knee was converted to patello-
femoral arthroplasty, and 1 (0.6%) failed knee was converted
to arthrodesis. The median time to failure was 2.6 + 7.6 years
(range = 0.7-23.4 years). Survivorship of the OCA transplan-
tation was 87.8% at 5 years and 82% at 10 years (Fig. 3).
The mean follow-up time of the 133 (81%) patients
whose grafts remained in situ was 85 + 5.6 years.
Improvement in pain and function was noted preoperatively

Table 3. Frequency and Type of Reoperations After Allograft
Surgery.

Reoperations Frequency
Arthroscopic debridement or loose body removal 36
Hardware removal 9
Meniscus repair or meniscectomy 7
High tibial osteotomy 6
Distal femoral osteotomy 3
Lateral retinacular release 2

I

Extensor mechanism realignment

to the latest follow-up in all functional scores used (Table 4).
Eighty-nine percent of the patients were “extremely satis-
fied” or “satisfied” with the treatment.

The BMI and the number of previous surgeries were
related to allograft failure. OCA failure patients had a sig-
nificantly increased BMI and number of previous surgeries
(Table 5) compared with OCA nonfailures patients. Other
patient characteristics did not show significant differences.

Discussion

This study represents the largest cohort of patients undergo-
ing OCA after failure of other cartilage repair procedures.
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Figure 3. The graphic shows the overall graft survivorship and
revision of the allograft or arthroplasty surgery is considered
the end point. The survivorship of the OCA transplantation was
87.8% at 5 years, 82% at 10 years, and 74.9% at |5 years.

Functional outcomes improved considerably from preopera-
tively to the latest follow-up with an excellent patient satis-
faction rate. Although a high reoperation rate was found,
only 18.9% of knees were related to failure of the transplant.
Overall, survivorship of 82% at 10 years was observed.
Cartilage lesion treatment still represents a challenging
issue for orthopaedic surgeons and becomes more unreliable
when a first-line treatment fails. Microfracture and mosaic-
plasty, considered a first-line treatment for small and localized
lesions (2-4 cm?),'? showed considerable improvement in
clinical outcomes after surgery. For large defects (>2-4 cm?),
microfracture is less optimal due to declining clinical out-
comes after 2 years of follow-up and is likely related to unpre-
dictable cartilage repair volume.’® Mosaicplasty has shown
good results with lesions up to 4 cm?, but donor size limitation
and donor morbidity are major concerns.’’ ACI has been rec-
ommended for large lesions in the knee; however, controver-
sial results after a failed cartilage repair surgery have been
presented in the literature. Minas et al.’ presented a cohort of
321 patients treated with ACI after SMS showing a failure rate
three times that of ACI primary treatment. Zaslav et al.*
showed conflicting findings in a multicenter trial including
126 patients who had ACI after a failed prior cartilage repair.
Besides the higher reoperation rate reported (49%), Zaslav et
al** showed improvement in outcomes regarding pain and
function comparable with ACI as a primary treatment option.

Nawaz et al.' in a cohort of 1,000 patients with an average
follow-up time of 6.2 years reported a failure rate five times
higher in patients previously treated with cartilage repairs
such as Pride drilling, microfracture, and mosaicplasty com-
pared with ACI as a primary treatment.

Despite controversial reports, ACI seems to be influ-
enced negatively by the damage of the subchondral bone
and plate caused by prior cartilage repairs. The subsequent
alterations of the subchondral bone after a cartilage repair,
such as osseous overgrowth, cystic formation, and harder
subchondral plate, may explain the higher failure rate.****
Osteochondral allograft transplantation has shown a differ-
ent behavior than has been shown in ACI after a failed car-
tilage repair. The OCA technique removes the damaged
subchondral bone to a depth necessary to achieve normal
subchondral bone. The subchondral bone is excised and
substituted by the donor bone, which makes the OCA tech-
nique resistant to subchondral bone abnormalities. Although
the subchondral bone damage caused by previous cartilage
repair surgeries could be totally replaced, extended lesions
of the subchondral bone should be analyzed with care, as
OCA failures are frequently related to the lack of integra-
tion of the subchondral bone."**

We performed a comparison of OCA failures and non-
failures on select variables in an attempt to describe vari-
ables associated with clinical failure of the OCA
transplantation. The number of previous surgeries and the
BMI were related to increased risk of failure (Table 5). No
significant association was found with older patients
(P =0.051), but a larger sample may change this correla-
tion. These data are partially in agreement with the litera-
ture showing a higher failure in patients with two or more
previous surgeries, patients older than 30 years, uncorrected
limb malalignment, diagnosis of osteoarthritis, and bipolar
allografts.'”*** Hence, patients with BMI lower than
26 kg/m” with at most 2 surgeries are the best candidates for
OCA transplantation.

Historically, OCA transplantation is recommended as a
salvage treatment option for traumatic or degenerative
chondral lesions, osteochondritis dissecans, or any other
osteochondral defect bigger than 2 to 4 cm?, particularly
with bone loss larger than 6 mm of depth.'*'> When data of
allograft studies were pooled together, the outcomes of
OCA transplantation in the adult knees showed significant
improvement in functional outcomes scores (IKDC, KOOS,
Lysholm).”***¢ By an average of 86%, the patients were
either extremely or mostly satisfied.”~**** Survivorship of
OCA transplantation varied from 76% to 91% at 10 years in
studies with long-term follow-up.'”*®* These reports
included heterogeneous populations regarding previous
cartilage repair. Our cohort is comparable with these reports.

This study showed 41.5% of patients underwent reopera-
tion, but only 18.9% were considered failures. Our reopera-
tion rate is comparable with other OCA studies*>***¢ and is



Gracitelli et al.

103

Table 4. Preoperative and Postoperative Comparison of Functional Outcomes.”

Measure

Preoperative Mean or n (%)

Postoperative Mean or n (%)

Modified Merle d’Aubigné-Postel (18-point) scale
Excellent (18)
Good (15-17)
Fair (12-14)
Poor (<12)

IKDC pain

IKDC function

IKDC total

KS-F

KOOS Symptoms

KOOS Pain

KOOS ADL

KOOS Sport/Rec

KOOS QOL

12.6 16.0
| (0.8%) 30 (24%)
25 (19%) 73 (58%)
19 (46%) 17 (13%)
40 (30%) 4 (3%)
5.9 2.9
3.1 7.1
37.6 72.6
66.9 88.2
57.5 78.8
6l.1 82.5
69.7 88.3
30.0 65.0
19.1 60.4

IKDC = International Knee Documentation Committee scale; KS-F = Knee Society function scale; KOOS = Knee injury and Osteoarthritis Outcome
Score. KOOS: Function in daily living (ADL), Function in sport and recreation (Sport/Rec), and knee-related quality of life (QOL).

*All P <0.0l.

Table 5. Comparison of OCA Failures (n = 31) and Nonfailures (n = 133).

Measure Failures Nonfailures P Value
Age, years (mean) 36.0+10.0 312+ 107 0.051
Male (%) 45.2 56.4 0.258
Body mass index, kg/m2 (mean) 284 £ 5.1 258 +4.7 0.033
Number of previous surgeries (median) 3.0+£27 20+ 3.1 0.001°
Diagnosis (%) 0.084
DCL/OA 51.6 34.8
Other 484 65.2
Allograft size, cm? (median) 85+ 155 6349 0.078"
Number of grafts (%) 0.137
One allograft 51.6 65.9
Two or more allografts 48.4 34.1

DCL = degenerative chondral lesion; OA = osteoarthritis.
*Mann—Whitney U test.

expected in a young and active population at high risk for
further injuries in the knee. Levy et al” evaluated 122
patients with 91% of patients with more than 10 years of
follow-up after OCA of the femoral condyle who presented
a reoperation rate of 47%, of which 24% were related to
allograft failure. Other cartilage repairs also present a sub-
stantial reoperation rate, such as Zaslav ez al.** described a
cohort of 154 patients who underwent ACI in the knee and
showed a reoperation rate of 49%, of which 83% underwent
an arthroscopy or manipulation.

Our study has some limitations. Radiography and
magnetic resonance imaging were not routinely
performed at final follow-up, so no radiographic criteria
of failure could be assessed. However, we obtained

radiographs of all patients until allograft incorporation
was observed. We used the modified Merle d’ Aubigne’-
Postel (18-point) scale, which is a system not validated
in the knee. This scoring system has been used since
1983, when no validated outcome scores were available.
This scoring system has a simple score for pain and func-
tion that allows an intrasample comparison within the
cohort. The retrospective nature of the study also intro-
duces potential bias.

This study demonstrated improvement in pain and func-
tion of the patients studied with satisfactory survivorship.
Despite the high reoperation rate, OCA transplantation is
considered a suitable option as a salvage technique for car-
tilage lesions of the knee.
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