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Purpose: The objectives of this study were (1) to conduct a systematic review of dinical outcomes after osteochondral
allograft transplantation in the knee and (2) to identify patient-, defect-, and graft-specific prognostic factors.
Methods: We searched PubMed, Medline, EMBASE, and the Cochrane Central Register of Controlled Trials. Studies that
evaluated clinical outcomes in adult patients after osteochondral allograft transplantation for chondral defects in the knee
were included. Pooled analyses for pertinent continuous and dichotomous variables were performed where appropriate.
Results: There were 19 eligible studies resulting in a total of 644 knees with a mean follow-up of 58 months (range, 19 to
120 months). The overall follow-up rate was 93% (595 of 644). The mean age was 37 years (range, 20 to 62 years), and 303
patients (63 %) were men. The methods of procurement and storage time included fresh (61%), prolonged fresh (24%),
and fresh frozen (15%). With regard to etiology, the most common indications for transplantation included post-traumatic
(38%), osteochondritis dissecans (30%), osteonecrosis from all causes (12%), and idiopathic (11 %). Forty-six percent of
patients had concomitant procedures, and the mean defect size across studies was 6.3 am?. The overall satisfaction rate was
86%. Sixty-five percent of patients (72 of 110) showed little to no arthritis at final follow-up. The reported short-term
complication rate was 2.4%, and the overall failure rate was 18 %. Heterogeneity in functional outcome measures precluded
a meta-analysis; a qualitative synthesis allowed for the identification of several positive and negative prognostic factors.
Conclusions: Osteochondral allograft transplantation for focal and diffuse (single-compartment) chondral defects results
in predictably favorable outcomes and high satisfaction rates at intermediate follow-up. Patients with osteochondritis
dissecans and traumatic and idiopathic etiologies have more favorable outcomes, as do younger patients with unipolar
lesions and short symptom duration. Future studies should include comparative control groups and use established
outcome instruments that will allow for pooling of data across studies. Level of Evidence: Level IV, systematic review of
Level IV studies.

Managing large osteochondral defects of the kneein  defects, as well as for larger chondral lesions, treatments
young to middle-aged patients poses a difficult  such as microfracture, autologous chondrocyte implan-
problem for orthopedic surgeons. In the setting of bony  tation (ACI), and osteochondral autograft transfer may
be inadequate, leaving osteochondral allograft trans-

plantation as the main treatment option.* Osteochondral
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The main advantage of using allograft is the presence of
both viable hyaline cartilage and structural bone.? Histor-
ically, grafts were implanted within 24 hours of procure-
ment, but concerns about disease transmission have led to
aminimum of 14 days required for aerobic, anaerobic, and
spore forming bacteria, as well as, viral testing before
release. In addition, aseptically processed prolonged fresh
grafts are most commonly used and maintained at 4°C as
opposed to frozen or cryopreserved grafts.® Unfortunately,
it is known that chondrocyte viability decreases in allo-
grafts stored for more than 14 days, and allografts
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generally should be implanted by 24 days.*> Notably,
frozen allografts have inferior biological and biomechan-
ical properties compared with fresh allografts.®

Fresh osteochondral allograft transplantation was
initially used to treated osteochondral defects after trauma
or tumor; however, its indications have expanded to
include acute and degenerative chondral defects of the
knee (osteoarthritis, spontaneous osteonecrosis of the
knee [SONK], avascular necrosis, inflammatory condi-
tions).>”® Most commonly implanted in the femoral
condyle, allograft can also be implanted in the tibial
plateau, the femoral trochlea, and the patella; case
series also report its use in more than one area of the knee
at a time.”® Other variables in the allograft literature
include the size of the lesion treated, the use of concomi-
tant procedures (high tibial osteotomy, distal femoral
osteotomy, meniscal allograft), patient age, and the
number of previous procedures. As such, there are clearly
a large number of patient- and defect-specific variables
that impact the outcomes after fresh osteochondral allo-
graft transplantation. Despite multiple case series pub-
lished over the course of 3 decades, there has been no
attempt to conduct a systematic review of outcomes after
osteochondral allograft transplantation in the current
literature.

The objectives of this study were (1) to conduct
a systematic review of clinical outcomes after osteo-
chondral allograft transplantation in the knee and (2) to
identify patient-, defect-, and graft-specific prognostic
factors. We hypothesized that the use of fresh osteo-
chondral allograft in the knee would result in good
functional outcomes but would be less reliable in the
setting of degenerative or multifocal disease, osteonec-
rosis, and with the use of delayed-fresh and fresh-
frozen allograft.

Methods

Literature Search

With the aid of an experienced librarian, we searched
PubMed (1948 to week 2 of July 2012), Medline (1946 to
week 1 of July 2102), EMBASE (1947 to week 27 of
2012), and the Cochrane Central Register of Controlled
Trials (to week 2 of July 2012), This was performed using
the following key words: (knee) AND (cartilage OR
chondral OR osteochondral) AND (transplant*) AND
(allograft). General search terms were used to prevent
the possibility of missing relevant studies. The references
of all applicable studies and review articles were also
manually cross-referenced to ensure completeness,

Inclusion criteria were (1) studies that reported clinical
outcomes after allograft transplantation in the knee,
either in isolation or in combination with meniscal allo-
graft transplantation or osteotomy; (2) adult patients aged
18 years or older; (3) osteochondral allograft transplants
performed for pain due to osteochondritis dissecans

(OCD), post-traumatic defects, idiopathic causes, or failed
prior cartilage repair procedures (microfracture, ACI and
$o on); (4) minimal dinical follow-up of 12 months; and
(5) minimum of 10 patients in the study. We excluded
(1) technique articles, (2) case reports, (3) narrative
reviews, (4) studies in which procedures were performed
in association with ligamentous reconstruction, and
(5) studies in which the primary indication was for treat-
ment of tuberculosis or tumor of the knee.

Data Abstraction

Bach study that met the inclusion criteria was reviewed
independently by 2 reviewers. Disagreement was resolved
by discussion. Data were abstracted by one reviewer and
verified by a physician with advanced training in dlinical
epidemiology. Study data that were determined to be
of interest a priori included year of publication, type of
study, level of evidence, study period, inclusion/exclusion
criteria, number of patients, age, gender, length of follow-
up, loss to follow-up, number of preceding surgeries,
preservation method of the allograft (fresh, prolonged
fresh, fresh frozen), location of the lesion in the knee,
single or multiple lesions, etiology (OCD, post-traumatic,
failed prior surgery, avascular necrosis), lesion size,
number of lesions, plug size, concomitant procedures, and
prior surgical treatments. The modified Coleman score was
used to assess the quality of each of the included studies.**°

Preoperative and postoperative data that were available
were collected, including functional outcome scores
(International Knee Documentation Committee [IKDC],
Lysholm, Tegner, Merle D’Aubigné-Postel, Marx Activity
Rating Scale, Cincinnati Sports Activity Scale, Short
Form 12 [SF-12], ShortForm 36 [SE-36], Knee Injuryand
Osteoarthritis Outcome Score [KOOS], Noyes), return
to sport, patient satisfaction, histology, radiographic out-
comes (union, arthritis), Kaplan-Meier survival curves,
complications, failure rates, and prognostic factors.

Statistical Analysis

General and demographic characteristics including
age, gender, etiology, graft type and processing, and
follow-up were pooled across eligible studies. Although
weighted means were used when applicable, a compar-
ison of weighted means could not be performed with
statistical integrity. A majority of the studies reported
their results as mean values without standard deviations.
In addition, whereas some studies used validated
outcome scores, others used subjective personal assess-
ments based on the clinicians’ own functional and pain
scores. Given the heterogeneity of functional outcomes
used across studies, a meta-analysis was unable to be
performed.

Results
The search results are summarized in Fig 1. Approxi-
mately 144 articles from Medline, 168 articles from
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704 records identified
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Fig 1. Searchstrategyresults. (CCTR, Cochrane Central Register
of Controlled Trials.)

EMBASE, 3 articles from the Cochrane Central Register of
Controlled Trials, and 389 articles from PubMed were
cited over a 64-year period (1948 to 2012), for a total of
704 articles. After duplicates were removed, 441 articles
remained. After titles were reviewed and excluded for the
following, 186 articles remained: sites unrelated to the
knee (e.g., shoulder, talus, or hip), isolated meniscus
allograft transplantation, anterior cruciate ligament
reconstruction, posterior cruciate ligament reconstruc-
tion, and osteoarticular transplantation for tuberculosis or
tumor cases. After an abstract review in which case
reports, technique articles, and review articles were
exduded, 49 eligible studies remained for full review. In
the case in which a single center reported outcomes on
a procedure over several time points, the study with
the longest follow-up was included. Two authors

independently reviewed 19 articles that met the
inclusion criteria for this study. All included studies
were retrospective cases series (Level IV) with the
exception of 2 prospective trials (Level IV).* 12 Articles
investigated fresh (8 studies),””®**¢ delayed-fresh
(5 studies), >’ fresh-frozen (5 studies),?'?*> and
mixed allografts (1 study).?®

General Characteristics

The general characteristics of included studies are
summarized in Table 1. All studies were Level IV
retrospective (17 studies) or prospective (2 studies) case
series. Overall, 595 of 644 knees (92.4%) were avail-
able at a mean follow-up of 58 months (range, 19 to
120 months).

Modified Coleman methodology scores ranged from
19 to 45, with a mean of 34 and mode of 41. These
scores are considered poor,” likely related to their Level
IV study design. The study quality improved with later
dates of publication (moderate correlation, r* = 0.52).

Processing. The methods of procurement and storage
time included fresh (n = 362), prolonged fresh (n = 142),
and fresh frozen (n = 91). One study had 3 processing
methods: autograft (n = 24), prolonged fresh (n = 12),
and fresh frozen (n = 12).° The knees treated with
autograft transplants were not factored into any statistical
analysis presented in this report.

Defect Location and Etiology. The location of the allo-
graft included all or a portion of the medial femoral
condyle (n = 261), lateral femoral condyle (n = 142),
patella (n=45), trochlea (n=20), tibial plateau (n=77)
and bipolar locations (n = 16).

Overall, the indications for transplantation in the
included studies were post-traumatic (n = 205, 38%),
OCD (n = 158, 30%), osteonecrosis from all causes
(n =64, 12%), idiopathic (n = 59, 11%), osteoarthritis
(n = 24, 5%), and chondromalacia patella (n = 17,
3%). The distribution of etiologies according to graft
processing is described in detail in Table 2.

7

Demographics

The general demographics of the included studies and
details regarding lesion size, plug size, concomitant
procedure, and prior surgical treatment are outlined in
Table 3. There were 303 men in the studies that
reported gender,?7/& 111214202225 roprecenting 63%
of the total study population. The mean age across all
studies was 37 years (range, 20 to 62 years).

Thirteen studies reported on prior operative proce-
dures. > 111214202324 pagt qurgical treatment included
arthroscopic debridement of osteochondral defects,
arthroscopic loose body removal, microfracture, and
OCD lesion fixation. These studies did not discuss the
types of conservative treatment measures that were
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0%
0%

Other*
9% (6)

Steroid-Induced
Osteonecrosis
0%

20% (28) -
1% (3)

2% (1)
0%
2% (6)

SONK

5% (16)

Avascular Necrosis
2% (1)
1% (3)

0%

Chondromalacia Patella
8% (5)
4% (12)

38% (24%)

22% (30)

Post-traumatic
45% (151)

OCD

19% (12)
17% (24)

37% (122)

0A
22% (14)

7% (9)
0.3% (1)

0%
32% (44)
5% (15)

Idiopathic

Table 2. Distribution of Clinical Indications for Osteochondral Allograft Transplantation According to Graft Processing

Delayed fresh (n = 138)

Fresh frozen (n = 63)
Fresh (n = 326)
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undertaken before the prior surgical procedures. The
mean weighted number of prior surgeries for these
studies was 1.7 per person (range, 1.2 to 2.6),

Many studies also included additional concomitant
surgical procedures that may have confounded results
(co-intervention bias).t21416,18-22.24-26 mpace stydies
included high tibial osteotomies, distal femoral osteoto-
mies, meniscal transplants, and lateral retinacular release.
Of the studies that included the number of concomitant
procedures, the aggregate percentage was 46 % of patients
who underwent simultaneous procedures.

Eight studies reported the mean lesion size of the
articular surface.*!#17-2922.26 The a90regate mean size of
the defect that was filled with an allograft transplant vvas
6.3 cm? (range, 4.2 to 10.8 am®). However, only 6 studies
reported the mean allograft plug size !> 416192526 7o
aggregate mean size of the plug size was 7.1 cm? (range,
2.2t0 9.3 am?).

Functional Outcome Scores

Functional outcomes are listed in Table 4. There are
18 different outcome measures recorded for the 19 arti-
cles. The IKDC score yvas measured by 6 studies (4 of
these used prolonged-fresh allograft).>!*!417-1% The
aggregate mean preoperative IKDC score was 37.1, and
the postoperative value was 64.3. All studies showed
a significant increase in the postoperative value. When
the prolonged-fresh data were aggregated (4 studies), the
mean preoperative IKDC value was 43.3 and the post-
operative value was 71.0.

Of the 19 studies, 5 included their own subjective
scores of excellent, good, fair, or poor.”-81>1421 When
using fresh-frozen allografts, Bakay et al.*! and Flynn
et al.*® reported 13 excellent (37%), 12 good (34%),
4 fair (11%), and 6 poor (17%) results for allografts for
either the medial or lateral femoral condyle. Bakay et al.
also rated the outcomes of patellar and tibial plateau -
allografts. The patellar allografts had 2 excellent (25%),
4 good (50%), 2 fair (25%), and no poor results. The
tibial plateau allografts had one excellent (20%), 2 good
(40%), one fair (20%), and one poor (20%) result. All
bipolar grafts had poor outcomes.

Rour of the 19 studies used the Lysholm score,'%192224
and 3 used the Tegner scale.'****¢ The aggregate preop-
erative Lysholm score was 39.3, and the postoperative
score was 70.1. The aggregate preoperative Tegner score
was 3.9, and the postoperative score was 5.5. Both post-
operative results were significantly different compared
with baseline scores.

Fresh-Frozen Allografts. Davidson et al.** investigated
the histology and compared the allograft and patient’s
own chondrocytes and matrix. There was no significant
difference between allograft and host thickness of artic-
ular cartilage, chondrocyte cellular viability, and chon-
drocyte cell density. Karataglis and Learmonth®* saw

*Inflammatory bowel disease, after transplant, and systemic lupus erythematosus.

OA, osteoarthritis.
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=e 5. § o B § significant postoperative Lysholm and Tegner (74 and 4,
R = B2 *’é 2 < g g Ew respectively) differences as compared with the preopera-
& jé & g 5 § g R g ; U g tive values (38 and 2, respectively). Scully et al.2% inves-
;2 88888 ¢ o E g tigated the use of osteochondral allografts in active
2 =E§EA g ta é o military personnel. Only one of 16 soldiers (6%) returned
i R ] h g8 o to active combat, 6 (38 %) returned to active duty but had
LZ g g work restrictions that prohibited running and athletics,
é g § gi one retired, one became noncombatant, and the rest
;;:T, - < ’é g § underwent evaluation by the medical evaluation board.
E‘ ,EE .,g & Prolonged-Fresh Allografts. Gortz et al.}” measured
© 2Es clinical outcomes by a modified IKDC scale as well as the
S & Merle D’Aubigné-Postel score. This group saw significant
ve | Z.E 5 postoperative decreases in IKDC pain and increases in
3 52.3 = é s tEa IKDC function. The modified Merle D’Aubigné-Postel
g = %" H ¥ g% 0 score also significantly increased from 11.3 preoperatively
kb ~ A5 to 15.8 postoperatively. Krych et al.? looked at osteo-
Sl g | g g chondral allografts in athletes. They discovered that the
. 2 é S5 rate of return to sport was 88 %, with a return to previous
v ) a: &4 level of sport of 79% (as defined by achieving the pre-
A £3 54 injury level on the Cincinnati Sports Activity Scale). In
S| E& I g %‘J gn e their patients the time to return to sport was 9.6 months
8 IR ~ o ~§‘ Sk {range, 7 to 13 months). In the athletes who returned to
glaAS | s S :3 g their previous level of competition, the postoperative
3 & 7‘,5“ 33% IKDC score, activities-of-daily-living score, and Marx
] g = % Activity Rating Scale score wvere all significantly greater
. g 25 than in those athletes who did not return to sport. LaPrade
5o o £~ 8 et al.'® reported that the mean modified Cindnnati knee
g Q 5 EE 48 ratings for both function and symptoms significantly
= EgEE £ d from baselin - igni
sHg=E 2 Improved from baseline to final follow-up. A significant
E % g E Y improvement was also found for effusion and functional
T 132 z testing (single-leg hop). McCulloch et al.'® reported
2g |a =9 d q: "o i 2 .g* g2 % significant improvements in the physical component
52 ;,:i HO D gk 0 © g © 0o g of the SF-12 and all 5 components of the KOOS (pain,
8o 8|7 E é g 9= 588 g v g g activities-of-daily-living function, other disease-specific
ZEE N ETAaH SET s858 £ symptoms, sport and recreation function, and quality of
als 'E’ ég G TETa 8 i S life). Similarly, Williams etal.** noted significant increases
. R o ) Q z § 2 in the physical portion of the SE-36 and increased scores
o s (2 HHl = o o 2 E =X ?é“ on the activities-of-daily-living scale.
235938540 Z¥RIEIGE 3
E g% g g §8 = 2 g g ﬁ E g é g Fresh Allografts. Bayne etal.” reported on the influence
Elgzg g et EEZ 2583 g of etiology of the osteochondral lesion on outcome. They
kel £ g N o :{ ° & 2 E S ® g reported 5 excellent, 2 good, and one fair outcome for
© e g ';‘-31 ES unipolar traumatic lesions. Bipolar traumatic lesions had
48 5 & g one excellent, 2 good, one fair, and one poor result.
ol O 5 E % %‘ B Patients who had SONK and bipolar grafts had one good
z o § BAE %5 8 and 5 poor results. Similarly, steroid-induced lesions also
S| g :§ ol é 'g had suboptimal outcomes: 2 fair and one poor. OCD
5 B E gd lesions had 2 excellent and one poor outcome. Convery
g 553 8% et al® and Chu et al.'® reported their own subjective
Ei BYORE scores. Unipolar lesions on the medial femoral condyle
g . 8, § j'gi :; g ; & had excellent or good results in 86 % (31 of 36) and fair or
© Sl g g 5 § g g 'Z’Cj poor results in 14% (aggregate data). Unipolar lesions on
:‘ El = : EE o 2z g the lateral femoral condyle had excellent ox good results in
= ot £7 9228 o8 15 of 17 cases (88%). A unipolar patellar allograft had
& & = fg88° 7 excellent or good results in 8 of 9 cases (89%). Bipolar
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patellofemoral lesions did not fare as well, with only 63 %
excellent or good results. Emmerson et al.** also used
a similar rating system but based on the Merle D’ Aubigné-
Postel score. They noted that 85% of patients had excel-
lentor goodresults (47 of 55), with a significantincrease in
the Merle D’Aubigné-Postel score to 16.4. Similarly,
Jamali et al.'® reported a significant improvement in the
Merle D’Aubigné-Postel score postoperatively to 16.3.
Rue et al.** compared autologous cartilage implantation
with osteoarticular allografts. They found that there were
no postoperative percentage differences in the KOOS,
IKDC score, Tegner score, Noyes score (sports activity and
symptom), Lysholm score, and SF-12 physical score.
There was a statistical percentage difference in the SP-12
mental score for osteoarticular allograft versus ACL

In a mixed analysis of delayed-fresh and fresh-frozen
allografts, Pearsall et al.?® recorded a significant improve-
ment in pain, stiffness, and function in the Western
Ontario and McMaster Universities Osteoarthritis Index
score, as well as a significant increase in the Knee Society
Score.

Satisfaction

There were 6 studies that included patient satisfaction as
a measured outcome.”*>*16:192% Bayme et al.” reported
on the satisfaction rates of different etiologies: post-
traumatic, 76.4%; SONK, 46%; steroid-induced, 57%;
and OCD, 71.3%. The aggregate data of the remaining
studiesindicate that 86 % of patients were either extremely
or mostly satisfied with their outcome with the use of any
osteochondral allograft. Because of the small number of
patients in the studies reporting satisfaction for frozen®*
and delayed-fresh®! grafts, a comparison of satisfaction
rates according to graft procurement and processing could
not be performed.

Radiographic Analysis

Of the 19 articles reviewed, 11 investigated radiographic
outcomes.’**#> Of the studies that looked at radio-
graphicunion atleast 1 yearpostoperatively,'%1%17-19:21.23
86% (119 of 139) showed healing or good incorporation
of the allograft to the host bone. Of the studies that qual-
ified the degree of arthritis in the knee, 114161922 g50/,
(72 of 110) showed little to no arthritis. Emmerson et al.**
showed that 41% of the medial compartments (12 of 29)
and 83 % of the lateral compartments (24 of 29) showed
few to no arthritic changes. Davidson et al.** reported
a significant decrease in the Outerbridge classification of
the defects from 4.3 to 0.6. The study by Williams et al.*°
was the only study to investigate the findings of post-
operative magnetic resonance imaging, discovering that
the Outerbridge classification of the swrrounding or
opposing surface cartilage did not correlate with func-
tional outcome. In terms of trabecular incorporation, the
allograftbone healed completelyin 3 grafts, partiallyin 11,
and poorly in 4.

Kaplan-Meier Survival Curve

Two studies created Kaplan-Meier survival curves for
fresh osteochondral allografts.*!* BEmmerson et al.'*
showed 91% survivorship at 5 years and 76% suxrvi-
vorship at both 10 and 15 years for osteochondral allo-
grafts of the medial and lateral femoral condyles. Gross
et al.,'! analyzing the results of fresh allografts of the
femoral condyles, showed a 95% survival rate at 5 years,
85% at 10 years, and 74% at 15 years. This latter study
also reported poorer survivorship of tibial plateau allo-
grafts: 95% at 5 years, 80% at 10 years, 65% at 15 years,
and 46 % at 20 years.

Adverse Effects and Failure Rates

The reported short-term complication rate of fresh,
prolonged-fresh, and fresh-frozen allografts was relatively
low, at 2.3% (14 of 595). The most common complica-
tions included removal of hardware (n = 3), repeat
arthroscopy (n = 3), superficial infection (n. = 2), deep
infection requiring incision and debridement (n=2), deep
vein thrombosis (n = 1), hyperemicreaction (n= 1), and
earlyloosening of the graft (n = 1). No study indicated any
intraoperative complication.

Failure rates were reported widely; however, many
studies used different definitions of failure. For example,
Bakay et al.>! defined failure as radiographic fragmenta-
tion, whereas Emmerson etal.'* defined failure as a repeat
operation for any reason. Gross et al.'! defined failure as
allograft revision or conversion to total knee arthroplasty.
On the basis of the individual authors’ definitions of
failure, there were 108 reported failures (18.1%). By far,
the most common treatment for failure was conversion to
total knee arthroplasty (n = 52, 48%). Fifteen allografts
(14%) had to be revised or removed because of a poor
clinical outcome. Allograft fragmentation was also
a common consequence (n= 10, 9%). There were reports
of 2 serious failures, with 2 patients undergoing an
arthrodesis,'*'® whereas another patient required an
above-the-knee amputation for deep infection after
multiple revision total knee arthroplasties.'? In the studies
that reported bipolar allograft failure rates,”-***2! there
was a 65 % failure rate (17 of 26).

Prognostic Factors

Of the 19 studies, 8 reported prognostic indicators
that may affect allograft survival and functional
outcomes.>7-811/16:17,20.22.26 payme et al.” noted that
patients with an osteochondral allograft due to SONK are
likely to have lower satisfaction rates (46 %) and poorer
outcomes (83%). Convery et al.? reported a success
rate of unipolar allografts of 82% compared with a 56%
success rate for bipolar lesions. Gross etal.'* discussed the
prognosticfactors of allografts of the femoral condyle and
the tibial plateau separately. On the femoral side, the
researchers noted that there was no correlation between
outcome and the need for meniscal transplant or limb
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realignment orlate etiology. On the tibial side, Gross etal.
showed that patients undergoing concomitant osteot-
omy with grafting fared better than patients with prior or
delayed osteotomy. Furthermore, concomitant meniscus
transplantation was associated with improved long-term
survivorship of bulk tibial osteochondral allografts;
patients with late osteoarthritic degeneration also had
poorer outcomes.'* Using data from the same group of
patients, Ghazavi et al.*® stated that factors related to
failure included age older than 50 years, bipolar defects,
Workers” Compensation status, and any varus or valgus
malalignment of knee. With regard to radiographic
findings, any graft collapse of more than 3 mm or joint
space narrowing of 50% or more was likely to be asso-
ciated with graft failure. Gortz et al.'” similarly noted that
if there is radiographic healing of the allograft-host
interface, patients are likely to have better outcomes. In
a cohort with patellofemoral arthritis, Jamali et al.'®
reported failure in 5 of 20 cases, indicating that osteo-
chondral allograft transplantation may have diminished
outcomes for the patellofemoral joint, especially in the
context of diffuse degenerative lesions.

Krych et al.? looked at athletes’ return to sport after
osteochondral allograft transplantation. Using a multiple
logistic regression model for risk factors for failure, they
reported that patients aged older than 25 years and with
preoperative symptoms for more than 12 months were
less likely to return to full athletic activity. Pearsall
et al.?® showed that age younger than 35 years, male
gender, and graft size less than 2 cm? were associated
with better outcomes.

Williarns et al.*° and Davidson et al.?? discussed graft
storage time in relation to outcome. Davidson et al. noted
that storage time had no influence on chondrocyte cell
density ox viability. Williams et al. showed no correlation
between graft storage time and scores on the SB-36
or activities-of-daily-living scale. A longer graft storage
time did, however, correlate with less subchondral
edema, better graft morphology, and increased trabecular
incorporation.

Discussion

Since Gross et al.*® popularized the concept of osteo-
chondral allograft transplantation in the mid 1970s,
there has been increasing attention on this cartilage
restoration technique for managing patients with both
focal and diffuse (single-compartment) osteochondral
defects in the knee.?® Our systematic review involved
a qualitative synthesis of 19 Level IV case series over
a period of approximately 30 years. Given the hetero-
geneity of clinical outcome measures used across studies
and over time, a formal meta-analysis could not be per-
formed. Nevertheless, our findings are meaningful and
show that at a mean follow-up of 5 years, good clinical
outcomes have been reported with a high satisfaction
rate (86%) and a low short-term complication rate

(2.4%). Purthermore, 2 studies also estimated that the
survivorship of osteochondral allografts was 75% at 15
years’ follow-up. 114

Our review included patients who were managed with
osteochondral allografts for osteochondral defects
secondary to variety of etiologies. The aggregate age of
patients across studies was 37 years, and the majority of
them were men. Furthermore, the patients had under-
gone an average of 1.7 previous surgical procedures,
whereas 46% had concomitant procedures at the time of
osteochondral allograft transplantation. The size of the
osteochondral lesions and plugs was also quite varied.
Because of this heterogeneity in etiology, defect location,
size, graft processing, and concomitant surgical proce-
dures, between-group comparisons were precluded, given
the small numbers in each of the relevant subgroups.

A qualitative assessment of the included studies shoyved
less favorable clinical outcomes for patients with SONK
or steroid-induced osteonecrosis, as well as individuals
presenting with bipolar lesions. On the femoral side,
Gross and colleagues'*® also showed that age older than
50 years, bipolar defects, and Workers’ Compensation
status, as well as varus or valgus malalignment of the
knee, were negative clinical prognostic factors. Further-
more, Gross et al.'' showed that among patients with
osteotomies, improved results were seen when realign-
ment preceded or coincided with the allograft surgery.
Krych et al.* studied an athletic population with. focal
defects and showed that patients aged older than 25 years
and with preoperative symptoms for more than 12
months vvere less likely to return to full athletic activity.
Pearsall et al.>® showed that age younger than 35 years,
male gender, and graft size less than 2 cm? were associ-
ated with better outcomes. With regard to location, Gross
et al.'! showed that although both tibial- and femoral-
sided grafts had good long-term survivorship, bulk
osteochondral allografts on the femoral side fared slightly
better. Itis also evident that diffuse patellofemoral lesions
treated with fresh osteochondral grafting show poorer
results compared with lesions in the femoral condyle or
tibial plateau.'® The aforementioned information can be
used during the informed-consent process and for patient
selection during the perioperative decision-making
process.

Given limitations in sample sizes and the heteroge-
neity in outcomes that were reported, our study could
not determine the optimal procurement, processing,
and storage procedures. Nonetheless, a plethora of basic
science data have confirmed decreased chondrocyte
viability, cell density, and tissue metabolism with pro-
longed osteochondral allograft storage.>* By 3 weeks,
chondrocyte viability falls to 70%, and by 7 weeks, it
falls to 67%.>? As such, current recommendations
advise 42 days as the maximum storage period for
a fresh allograft, and ideally, implantation should be
performed by 24 to 28 days.»*® With regard to the
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optimal temperature, osteochondral allografts are
usually stored at 4°C; however, Pallante et al.>? found
higher chondrocyte viability at 37°C compared with
4°C. Prozen allografts are also available, but cartilage
may fissure and delaminate, with articular surface
breakdown, because freezing of mature articular carti-
lage causes chondrocyte death and damage to the
extracellular matrix.’ Gross et al.>> showed that the
histologic features associated with long-term allograft
survival included viable chondrocytes, functional pres-
ervation of matrix, and complete replacement of the
graft bone with the host bone. They also showed that
with a stable osseous graft base, the hyaline cartilage
portion of the allograft can survive and function for 25
years or more. Although the precise association of cell
viability and clinical outcomes remains unknown, this
latter study serves as the rationale for our continued
preference for using fresh osteochondral allografts for
focal and degenerative chondral defects.

To our knowledge, this is the first systematic review of
outcomes after osteochondral allograft transplantation in
the knee. This review will allow readers to understand
the scope of studies that have been published on this topic
and identify subgroups of patients who are most likely
to have good outcomes. To definitively establish the role of
osteochondral allograft transplantation in the manage-
ment of chondral defects in the knee, there needs to be
further work in conducting prospective cohort studies
in which a comparative cohort is included. Examples of
pertinent comparisons would include patients undergoing
microfracture or ACL In addition, the use of uniform
outcome measures across studies would allow for pooling
of data in a meaningful manner. According to the Inter-
national Cartilage Repair Society, all studies evaluating
outcomes after cartilage repair procedures should use
a joint-specific outcome measure (IKDC or KOOS),
a health-related quality-of-life measure (e.g., SE-36) for
concomitant economic analyses, and a validated activity
scale (Tegner Activity Scale or Marx Activity Scale).>*

Limitations

The limitations of this study result from the study design
and quality of the included studies. All of the included
studies are Level IV case series without comparative
controls. The use of different clinical cutcome tools across
studies precluded a formal meta-analysis. Furthermore,
the heterogeneity of patients and outcomes across studies
did not allow determination of which graft processing and
storage methods are associated with the most favorable
outcomes.

Conclusions
Osteochondral allograft transplantation for focal and
diffuse (single-compartment) chondral defects results in
predictably favorable outcomes and high satisfaction

rates at intermediate follow-up. Patients with OCD,
traumatic and idiopathic etiologies have more favorable
outcomes, as do younger patients with unipolar lesions
and short symptom duration. Future studies should
include comparative control groups and use established
outcome instruments that will allow for pooling of data
across studies.

References

1. Demange M, Gomoll AH. The use of osteochondral allo-
grafts in the management of cartilage defects. Curr Rev
Musculoskelet Med 2012;5:229-235.

2. Krych AJ, Robertson CM, Williams RJ III, Cartilage Study
Group. Return to athletic activity after osteochondral
allograft transplantation in the knee. Am J Sports Med
2012;40:1053-1059.

3. Willlams JM, Virdi AS, Pylawka TK, Bdwards RB I,
Markel MD, Cole BJ. Prolonged-fresh preservation of
intact whole canine femoral condyles for the potential use
as osteochondral allografts. J Orthop Res 2005;23:831-837.

4. Pearsall JAW, Tucker JA, Hester RB, Heitman RJ. Chon-
drocyte viability in refrigerated osteochondral allografts
used for transplantation within the knee. Am J Sports Med
2004;32:125-131.

5. Williams SK, Amiel D, Ball ST, etal. Prolonged storage effects
on the articular cartilage of fresh human osteochondral
allografts. J Bone Joint Surg Am 2003;85:2111-2120.

6. Allen RT, Robertson CM, Pennock AT, et al. Analysis of
stored osteochondral allografts at the time of surgical
implantation. A J Sports Med 2005;33:1479-1484.

7. Bayne O, Langer F, Pritzker KP, Houpt J, Gross AE.
Osteochondral allografts in the treatment of osteonecrosis
of the knee. Orthop Clin North Am 1985;16:727-740.

8. Convery EFR, Botte MJ, Akeson WH, Meyers MH. Chon-
dral defects of the knee. Contemnp Orthop 1994;28:101-107.

9. Coleman BD, Khan KM, Maffulli N, Cook JL, Wark JD.
Studies of surgical outcome after patellar tendinopathy:
Clinical significance of methodological deficiencies and
guidelines for future studies. Victorian Institute of Sport
Tendon Study Group. Scand J Med Sci Sports 2000;10:2-11.

10. Cowan J, Lozano-Calderon S, Ring D. Quality of prospec-
tive controlled randomized trials. Analysis of trials of
treatment for lateral epicondylitis as an example. J Bone
Joint Surg Am 2007;89:1693-1699.

11. Gross AR, Shasha N, Aubin P. Long-term follow-up of the
use of fresh osteochondral allografts for posttraumatic
knee defects. Clin Orthop Relat Res 2005:79-87.

12. Rue J-PH, Yanke AB, Busam ML, McNickle AG, Cole BJ.
Prospective evaluation of concurrent meniscus trans-
plantation and articular cartilage repair: Minimum 2-year
follow-up. Am J Sports Med 2008;36:1770-1778.

13. Chu CR, Convery FR, Akeson WH, Meyers M, Amiel D.
Articular cartilage transplantation. Clinical results in the
knee. Clin Orthop Relat Res 1999:159-168.

14. Emmerson BC, Gortz S, Jamali AA, Chung C, Amiel D,
Bugbee WD. Fresh osteochondral allografting in the
treatment of osteochondritis dissecans of the femoral
condyle. Am J Sports Med 2007;35:907-914.



588

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Garrett JC. Fresh osteochondral allografts for treatment of
articular defects in osteochondritis dissecans of the lateral
femoral condyle in adults. Clizz Orthop Relat Res 1994:33-37.
Jamali AA, Emmerson BC, Chung C, Convery FR,
Bugbee WD. Fresh osteochondral allografts; Results in the
patellofemoral joint. Clin Orthop Relat Res 2005:176-185.
Gortz S, De Young AJ, Bugbee WD, Fresh osteochondral
allografting for steroid-assoclated osteonecrosis of the
femoral condyles. Clin Orthop Relat Res 2010;468:1269-1278.
LaPrade RF, Botker J, Herzog M, Agel J. Refrigerated
osteoarticular allografts to treat articular cartilage defects
of the femoral condyles. A prospective outcomes study.
J Bone Joint Surg Am 2009;91:805-811.

McCulloch PC, Kang RW, Sobhy MH, Hayden JK, Cole BJ.
Prospective evaluation of prolonged fresh osteochondral
allograft transplantation of the femoral condyle: Minimum
2-year follow-up. Am J Sports Med 2007;35:411-420.
Williams RJ I, Ranawat AS, Potter HG, Carter T,
Warren RF. Fresh stored allografts for the treatment of
osteochondral defects of the knee. J Bone Joint Surg Am
2007;89:718-726.

Bakay A, Csonge L, Papp G, Pekete L. Osteochondral
resurfacing of the knee joint with allograft. Clinical
analysis of 33 cases. Int Orthop 1998;22:277-281.
Davidson PA, Rivenburgh DW, Dawson PE, Rozn R.
Clinical, histologic, and radiographic outcomes of distal
femoral resurfacing with hypothermically stored osteo-
articular allografts. Am J Sports Med 2007;35:1082-1090.
Flynn JM, Springfield DS, Mankin HJ. Osteoarticular
allografts to treat distal femoral osteonecrosis. Clin Orthop
Relat Res 1994:38-43.

Karataglis D, Learmonth DJ. Management of big osteo-
chondral defects of the knee using osteochondral allografts
with the MEGA-OATS technique. Knee 2005;12:389-393.

25,

26.

27,

28.

29,

30.

31.

32.

33.

34.

J. CHAHAL ET AL.

Scully WF, Parada SA, Arrington ED. Allograft osteo-
chondral transplantation in the knee in the active duty
population. Mil Med 2011;176:1196-1201.

Pearsall AWV, Madanagopal SG, Hughey JT. Osteoarticular
autograft and allograft transplantation of the knee: 3-year
follow-up. Orthopedics 2008;31:73.

Levels of evidence and grades of recommendation. 2001.
Available from: http://www.cebm.net/levels_of evidence
.asp. Accessed: August 1, 2012.

Ghazavi MT, Pritzker KP, Davis AM, Gross AE. Fresh
osteochondral allografts for post-traumatic osteochondral
defects of the knee. J Bone Joint Surg Br 1997;79:
1008-1013.

Gross AE, Silverstein EA, Falk J, Falk R, Langer F. The
allotransplantation of partial joints in the treatment of
osteoarthritis of the knee. Clin Orthop Relat Res 1975:7-14.,
Farr J, Cole B, Dhawan A, Kercher J, Sherman S. Clinical
cartilage restoration: Evolution and overview. Clin Orthop
Relat Res 2011;469:2696-2705.

Czitrom AA, Keating S, Gross AE. The viability of articular
cartilage in fresh osteochondral allografts after clinical
transplantation. J Bone Joint Surg Am 1990;72:574-581.
Pallante AL, Bae WC, Chen AC, Gortz S, Bugbee WD,
Sah RL. Chondrocyte viability is higher after prolonged
storage at 37 degrees C than at 4 degrees C for osteochon-
dral grafts. Am J Sports Med 2009;37(suppl 1):248-328.
Gross AR, Kim W, Las Heras F, Backstein D, Safir O,
Pritzker KPH. Fresh osteochondral allografts for post-
fraumatic knee defects: Long-term followup. Clin Orthop
Relat Res 2008;466:1863-1870.

Roos EM, Engelhart L, Ranstam J, et al. ICRS recom-
mendation document: Patient-reported outcome instru-
ments for use in patients with. articular cartilage defects.
Cartilage 2011;2:122-136.



