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Purpose: The goal of this systematic review was to present the current best evidence for clinical outcomes of osteo-
chondral autograft transplantation to elucidate the efficacy of this procedure. Methods: PubMed, CINAHL, and the
Cochrane Central Register of Controlled Trials were searched (key terms “knee,” “osteochondral autograft transfer,” or
“mosaicplasty”) to identify relevant literature between 1950 and 2013 in the English language. This evaluation included
studies in pediatric and adult patients with grade 3 or 4 articular cartilage injuries; the studies had a minimum of 25
patients and at least 12 months of follow-up and compared osteochondral autograft transfers/mosiacplasty with another
treatment modality. Articles were limited to full-text randomized controlled trials or cohort studies. Main outcomes
studied were patient-reported and functional outcome, with secondary outcomes including effect of lesion size, return to
sport and sport function, radiographic outcomes, and reoperation rates. Results: There were a total of 9 studies with 607
patients studied in this systematic review. When osteochondral autologous transfer/mosaicplasty (OATM) was compared
with microfracture (MF), patients with OATM had better clinical results, with a higher rate of return to sport and
maintenance of their sports function from before surgery. Meanwhile, patients who underwent MF trended toward more
reoperations, with deterioration around 4 years after surgery. When compared with autologous chondrocyte implantation
(ACI), clinical outcome improvement was not conclusive; however, at 10-year follow-up, a greater failure rate was found
to be present in the OATM group. Conclusions: Current evidence shows improved clinical outcomes with OATM when
compared with preoperative conditions. These patients were able to return to sport as early as 6 months after the pro-
cedure. It could be suggested from the data that OATM procedures might be more appropriate for lesions that are smaller
than 2 cm2 with the known risk of failure between 2 and 4 years. Further high-quality prospective studies into the
management of these articular cartilage injuries are necessary to provide a better framework within which to target
intervention. Level of Evidence: Level II, systematic review of Level I and II studies.

Articular cartilage has an important role in mini-
mizing friction between articulating surfaces

while transferring load to the subchondral bone.1

Injury to the articular cartilage of the knee is a com-
mon occurrence in athletic individuals, and full-
thickness articular defects have little potential for
self-repair based on poor vascularity. Individuals with

this injury may complain of knee pain as well as the
presence of joint effusion. These defects can contribute
to the early onset of degenerative joint disease.2 Despite
significant time and collaboration in research in-
vestigations, treatment remains a clinical dilemma for
patients who sustain these injuries and the physicians
who treat them.
There are multiple procedures described to address

full-thickness articular cartilage defects (ACDs). These
techniques include MF, osteochondral allograft trans-
fer, autologous chondrocyte implantation (ACI), and
osteochondral autologous transfer (OAT)/mosaicplasty.
OAT/mosaicplasty is a procedure that addresses these
lesions while maintaining the hyaline cartilage by
replacing these defects with an osteochondral auto-
graft.3,4 This technique focuses on transferring one
large graft or multiple smaller cylindrical grafts
(mosaicplasty) from minimally weight-bearing portions
of the femur to address lesions in regions with greater
weight-bearing.
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Although multiple studies have compared osteo-
chondral autograft transplantation to the various other
cartilage restoration techniques, most studies lack large
numbers of patients. The purpose of this systematic
review was to pool the data from multiple high-level
studies and critically evaluate OATM in addressing
full-thickness cartilage defects of the knee. More spe-
cifically, the goal was to evaluate patient-reported
clinical as well as functional outcomes of OATM in
patients with these articular cartilage injuries.

Methods
A systematic review of outcomes after osteochondral

autograft transfer was performed to help summarize
patient prognosis in the available English-language
literature according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
standards and a PRISMA checklist (Fig 1). To identify
studies, a literature search was performed in December
2013, which included PubMed (1950 to present),
CINAHL (Cumulative Index to Nursing and Allied
Health Literature; 1994 to present), and the Cochrane
Central Register of Controlled Trials (1994 to present)
databases. Inclusion criteria for the search included a
minimum of 12 months of follow-up, English language,
and studies involving the knee. The following search
terms were included: “knee AND osteochondral auto-
graft transfer OR mosaicplasty.”
The search was performed in duplicate by 2 authors

(T.S.L., R.M.P.), with a senior author (A.M.) used in the
event of adjudication. A total of 232 articles were
identified for inclusion in the review. Determination of
study evidence level was based on recommendations by

the Center for Evidence-Based Medicine and included
high-quality randomized controlled trials and lesser-
quality randomized controlled trials and prospective
comparative studies as Level I and Level II, respectively.
The 232 articles identified were reviewed, and 45 arti-
cles met the inclusion criteria of peer-reviewed English-
language articles. Exclusion criteria included non-Level
I and II studies, non-English, irrelevant subject matter,
systematic reviews, conference and meeting abstracts,
and cadaveric studies. This resulted in the inclusion of 9
studies.
Publications were included in this review if they were

prospective comparative studies comparing results of
full-thickness (grade 3 or 4) articular cartilage injuries.
Studies were required to include a minimum of 25 pa-
tients with at least a12-month follow-up that compared
OAT/mosaicplastywith another treatmentmodality.We
identified 5 randomized controlled trials5-9 and 4 pro-
spective comparative trials.10-13 All the references in the
selected articles were reviewed manually for other
possible studies, and none were identified.
An evidence-based medicine literature review tem-

plate was used in the preparation of the systematic re-
view.14 Demographic data evaluated included year of
publication, author, journal, surgical procedures eval-
uated, total number of participants, mean patient age,
method of randomization, percentage of traumatic le-
sions, interval from injury to surgery, and lesion size
and location (Table 1). Follow-up data were collected
and included mean follow-up, details of follow-up
evaluation, the presence of cointerventions, and reha-
bilitation protocols (Table 2). Finally, primary and sec-
ondary clinical outcomes, results of arthroscopic and

PotenƟally relevant studies 
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Relevant studies 
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Fig 1. Search strategy according to
Preferred Reporting Items for System-
atic Reviews and Meta-Analyses
(PRISMA) guidelines. Nine studies
were identified for inclusion.
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histologic evaluations, and the use of independent ex-
aminers were documented (Table 3).

Results
Overall, there were 9 studies reviewed with a total of

607 patients. Two of these articles were long-term 10-
year follow-up reports from previously published
short-term studies that are also in this review. Four of
the reviewed articles compared OATM to MF: Gudas
et al.9 found that the OATM group had better clinical
results (P < .01), more normal-appearing cartilage on
visual inspection (P ¼ .004), and a subjectively greater
percentage of hyaline cartilage on histologic evaluation.
In a pediatric population, Gudas et al.8 showed a sig-
nificant superiority of OATM over MF, with deteriora-
tion present in the MF group at 4-year follow-up. At
10-year follow-up, Gudas et al.7 revealed that the
OAT procedure in an athletic population allowed for a
higher rate of return to play and maintenance of sport
at the preinjury level when compared with MF. Ulstein
et al.13 showed that there was no difference between
OAT and MF in patient-reported outcomes, muscle
strength, or radiologic outcomes; however, there was a
trend toward more reoperations in the MF group.
In the setting of anterior cruciate ligament (ACL)

reconstruction, Gudas et al.10 compared OATM to MF
as well as to simple debridement. The authors
concluded that subjective IKDC scores were better for
the OATM group versus MF or debridement. Mean-
while, Lim et al.12 did not find a difference in functional
scores and postoperative MRI evaluations between
OAT, MF, and ACI at 3-year follow-up. Finally, Horas
et al.11 and Bentley et al.5,6 compared OAT with ACI.
Horas et al. reported improved clinical scores with OAT
compared with ACI; however, Bentley et al. (2003)
noted more normal (P < .01) cartilage on arthroscopic

evaluation in the ACI group, with improved clinical
scores at short-term 18-month follow-up.6 At 10-year
follow-up, Bentley et al.5 found continued improve-
ment in clinical scores in the ACI group with a greater
failure rate in the OATM group (23 of 42 [55%])
compared with the ACI group (10 of 58 [17%]).

Lesion Size
Two of the 9 studies in this systematic review analyzed

the effect of lesion size on outcomes. Gudas et al.’s8

pediatric article reported clinical outcomes that were
worse in patients with a lesion greater than 3 cm2 who
underwent OATM. Meanwhile, in the long-term study
by Gudas et al.,7 the authors found that a lesion size less
than 2 cm2 was associated with a significantly higher
rate of return to sport when compared with larger le-
sions after undergoing the OATM procedure. Regarding
location of the lesion, there was no difference in clinical
outcome between location of the lesion either on the
medial or lateral femoral condyle; however, Bentley
et al.6 revealed that all 7 patellar lesions treated with
OATM had failed at 1.7 years of follow-up.6

Outcome Measures
The 6 studies that reported preoperative clinical scores

found improvement in clinical outcomes measures in
the OATM treatment group at final follow-up when
compared with scores preoperatively. Gudas et al.9

showed that the Hospital for Special Surgery (HSS)
score improved from a mean of 77 preoperatively to 91
at 37-month follow-up.9 Additionally, International
Cartilage Repair Society (ICRS) scores improved from
51 to 75. In the pediatric study of Gudas et al.,8 the
ICRS improved from 51 preoperatively to 92 at 1-year
follow-up and then decreased to 83 at 4 years after
surgery. Their long-term 10-year study found that ICRS
scores before surgery were 61 in patients with ACDs

Table 2. Follow-up Information

Study
Follow-up
Length

Participants
Evaluated

Clinically, n (%)

Participants
Evaluated

Arthroscopically, n (%)

Participants
Evaluated

Histologically, n (%) Cointerventions CPM

Time to
Partial

Weight Bearing

Time to
Full Weight
Bearing

Ulstein et al.13 9.8 yr* 23 (92) None None None Yes Immediate 8 wk
Gudas et al.10 36.1 mo 97 (95) None None ACLR No Immediate 6 wk
Gudas et al.7 10.4 yr 57 (95) None None None No 4 wk 8 wk
Bentley et al.5 10 yry 95 (95) None None None No None 1 d
Lim et al.12 5.7 yr 70 (100) 52 (74.3) None None Yes Immediate 8 wk
Gudas et al.8 4.2 yr 47 (94) 21 (44.7) None None No 3-4 wk 6-8 wk
Gudas et al.9 3 yr 57 (95) 34 (57)z 25 (42)z None No 4 wk 8 wk
Bentley et al.6 1 yr 100 (100) 60 (60)x 19 (19){ None No None 1 d
Horas et al.11 2 yr 40 (100) 12 (30)z 11 (28)z None Yes 2 wk 12 wk

ACI, autologous chondrocyte implantation; ACLR, anterior cruciate ligament reconstruction; CPM, continuous passive motion; OATM,
osteochondral autograft transplant/mosaicplasty.
*Median follow-up.
yMinimal 10-year follow-up, no mean given.
zNonrandom selection of patients to evaluate arthroscopically and obtain biopsy samples.
xSixty-four percent of patients underwent ACI, and 55% of patients underwent OATM.
{All from ACI groups.
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and 51 in patients with osteochondral dissecans.7 In
these patients, the score increased to 93 in the patients
with ACDs and to 88 in the patients with osteochondral
dissecans at long-term follow-up (P < .001). Mean-
while, specifically looking at ACDs in the ACL recon-
struction article by Gudas et al.,10 the OAT-ACL Tegner
preinjury score was 7.3, with a 3-year score of 7.1. The
delta decline (0.2) was smaller for the OATM group
compared with the delta values in either the MF or
debridement group. Furthermore, IKDC subjective
scores were 45.5 before surgery, with a score of 88 at 3-
year follow-up in the OATM group.
Horas et al.11 noted an increase in Lysholm scores

from 27 to 70 over 2 years, improvement in Meyers
scores from 8 to 17, and an increase in Tegner activity
score from 2 to 5 during the same period. Ulstein et al.13

found improvement in Lysholm scores from 49.2 to
62.6 at long-term follow-up as well as an increase in
Knee Injury and Osteoarthritis Outcome Score (KOOS)
from baseline within the OATM cohort. Finally, Lim
et al.12 found an increase in the Lysholm scale score
from 53 to 85 at 5 years.12 They also found improve-
ment in average Tegner scores from 2.7 to 5.3 and HSS
scores from 79 to 88.

Return to Sport
Four of the 9 studies evaluated reported return to

athletic activity. Both in the short-term and long-term
studies, Gudas et al.7,9 found that patients who un-
derwent OATM were able to return to play at an
average of 6.5 months. The investigators also found that
a lesion smaller than 2 cm2 was correlated with a higher
return to sport compared with larger lesions. In the
short-term study, younger athletes (younger than 30
years) had better clinical and functional outcomes than
those older than 30 years (P ¼ .008).9 At long-term
follow-up, these younger athletes were more able to
maintain their preinjury activity levels compared with
individuals who were older at the time of the index
procedure.7 In the pediatric population, Gudas et al.7

found that 84% of patients achieved their preinjury
activity level at 11.7 months after surgery, with 81% of
these athletes continuing to participate at the same
level at 4-year follow-up. In the OATM/ACL recon-
struction cohort of Gudas et al.,10 the average return to
play for athletes was 10.2 months, with 3 athletes
(8.8%) returning as early as 6 to 8 months.10

Radiographic Outcomes
In this systematic review, radiographic evaluation was

included in 4 of the 9 articles. Gudas et al.9 found no
arthritic changes on plain radiographs either before
surgery or at 3-year follow-up. They also performed
magnetic resonance imaging (MRI) in 25 patients in the
OATM group, which showed that incorporation of the
osseous component was complete in 23 of these patients

(92%). At 10-year follow-up, 7 (25%) patients had evi-
dence of Kellgren-Lawrence grade I osteoarthritis, but
thesefindings did not influence thefinal ICRS scores (P¼
.094).7Magnetic resonance imaging (MRI) evaluation at
thisfinal follow-up also did not showany signs of osseous
loosening. Additionally, joint surface congruency was
also found to be restored in 24 of the 25 patients (96%).
Gudas et al.8 reported performing MRI in 21 of 25 pedi-
atric patients treated with OATM.8 Assessment using the
ICRS evaluation system showed good to excellent repairs
in 19 of 21 (91%) patients, and all osteochondral trans-
plants (100%) had completely healed without any
degenerative changes. Ulstein et al.13 evaluated their
cohort with plain radiographs at long-term follow-up.
Two of the 12 (16.7%) patients in the OATM groupwere
found to have Kellgren-Lawrence scores greater than II,
with one of these individuals presenting with osteoar-
thritis in the contralateral knee.

Reoperations
Reoperations were studied in 3 of the 9 studies. Lim

et al.12 reported one reoperation resulting from limited
range of motion that required secondary arthroscopy for
a prominent osteochondral plug (1 of 22 [4.5%]).
Meanwhile, Ulstein et al.13 reported 5 reoperations (5
of 14 [36%]): 4 of the procedures were diagnostic
arthroscopies/debridement,with one procedure being an
opening wedge osteotomy. Finally, Bentley et al.5 re-
ported 23 reoperations at long-term follow-up. Themean
time fromthe indexprocedure to revision surgerywas4.3
years (range, 1 to 9 years). These procedures included 9
ACIs, 5 unknown procedures, 3 matrix-induced chon-
drocyte implantations, 3 unicondylar knee replacements,
1 patellofemoral joint replacement, 1 combined medial
and patellofemoral joint replacement, and 1 total knee
arthroplasty.

Discussion
In an era of an ever-changing economic climate for

hospitals and surgeons, there is increasing importance
for the role of evidence-based medicine in the physician
decision-making process. The evidence-based medicine
hierarchy places importance on controlled trials, specif-
ically randomized controlled trials, as well as controlled
prospective cohort studies. In this systematic review, we
present data from 9 Level I and II studies, thus providing
the best data to date to assess clinical outcomes of
osteochondral autograft transplants/mosaicplasty.
Although limitations (see further on) prevent us from

making recommendations regarding the superiority of
one procedure over another, these long-term studies do
help to give us insight into the natural history of the
knee after osteochondral autograft transfer/mosaic-
plasty. Gudas et al.7 found at 10-year follow-up that
OATM techniques allowed for a higher rate of return to
sport and maintenance of sport at the preinjury level

AUTOGENOUS OSTEOCHONDRAL TRANSPLANT OUTCOMES 5
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when compared with MF. There were 4 failures (14%)
in the OATM group that required surgical intervention
compared with 11 failures (38%) in the MF group.
One of these OATM failures occurred at 3 months after
the index procedure, whereas the other 3 failures
occurred at an average of 5.8 years. Of these revisions,
2 were to treat an additional articular cartilage defect
and the other 2 revisions required the addition of
osteochondral plugs to the original defect. There were
no signs of osseous loosening in the OATM group on
MRI performed at long-term follow-up. Ulstein et al.13

found that long-term outcomes after OATM and MF
were comparable. There were 5 reoperations in 14
patients (36%) in the OATM group, whereas there
were 6 reoperations in the 11 patients (55%) in the
MF group.
However, Bentley et al.5 revealed that functional

outcomes were better with ACI than with OATM at
long-term follow-up. There were 23 failures in 42
(55%) patients in the OATM group compared with
10 failures in 58 (55%) patients in the ACI group
(P < .001). The mean size of the defect in the ACI
group was 4.4 cm,2 and in the OATM group it was 4
cm2. The OATM group did well for the first 2 years and
then experienced a steep failure over the next 2 years,
with a suggestion of leveling out thereafter. The au-
thors suggest that this failure might reflect the known
pattern of deterioration of fibrocartilage.

Limitations
There are substantial limitations in the literature

review for this article, the first being that there are
only 9 Level I and II studies that have been conducted
for OATM. This should lead to systematic bias in the
validity of the evidence. Additionally, all the articles
showed improvement in patient-reported outcomes
and functional scores; however, only one of these
studies meeting inclusion criteria included a placebo
group. This lack of a control group limits interpretation
of these data to comparison between treatment
methods. The relatively small number of trials avail-
able with heterogeneous outcome measures also pre-
vents performing a meta-analysis of the results.

Conclusions
This systematic review of 9 Level I and II studies

shows improved clinical outcomes compared with
preoperative values. Autogenous osteochondral
transfers have been found to allow athletes to be able
to return to play at a high rate at about 6 months after
surgery, particularly athletes younger than 30 years of
age. At long-term follow-up, MRI and radiographs
showed incorporation of the bone plugs with resto-
ration of the articular surface as well as a minimal
presence of osteoarthritis. Additionally, it could be
suggested that OATM might be more appropriate forT
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lesions smaller than 2 cm2 with the known risk of
failure between 2 and 4 years. However, the most
appropriate way to address the issue would be a large
multicenter trial comparing all techniques (OATM, MF,
and ACI), simple debridement, and a nonoperative
control with the use of validated patient-reported
outcome measures. The results from this systematic
review might help orthopaedic surgeons in the preop-
erative decision-making process and in the informed
consent process with the patient by counseling the
patient on short- and long-term outcomes after OATM.
Finally, this review can serve as a platform for further
higher-level investigations.

References
1. Hasler EM, Herzog W, Wu JZ, Muller W, Wyss U. Artic-

ular cartilage biomechanics: Theoretical models, material
properties, and biosynthetic response. Crit Rev Biomed Eng
1999;27:415-488.

2. Buckwalter JA, Mankin HJ. Articular cartilage: Degener-
ation and osteoarthritis, repair, regeneration, and trans-
plantation. Instr Course Lect 1998;47:487-504.

3. Bobic V. Arthroscopic osteochondral autograft trans-
plantation in anterior cruciate ligament reconstruction: A
preliminary clinical study. Knee Surg Sports Traumatol
Arthrosc 1996;3:262-264.

4. Hangody L, Kish G, Karpati Z, Udvarhelyi I, Szigeti I,
Bely M. Mosaicplasty for the treatment of articular carti-
lage defects: Application in clinical practice. Orthopedics
1998;21:751-756.

5. Bentley G, Biant LC, Vijayan S, Macmull S, Skinner JA,
Carrington RW. Minimum ten-year results of a prospec-
tive randomised study of autologous chondrocyte im-
plantation versus mosaicplasty for symptomatic articular
cartilage lesions of the knee. J Bone Joint Surg Br 2012;94:
504-509.

6. Bentley G, Biant LC, Carrington RW, et al. A prospective,
randomised comparison of autologous chondrocyte im-
plantation versus mosaicplasty for osteochondral defects
in the knee. J Bone Joint Surg Br 2003;85:223-230.

7. Gudas R, Gudaite A, Pocius A, et al. Ten-year follow-up of
a prospective, randomized clinical study of mosaic osteo-
chondral autologous transplantation versus microfracture
for the treatment of osteochondral defects in the knee
joint of athletes. Am J Sports Med 2012;40:2499-2508.

8. Gudas R, Simonaityte R, Cekanauskas E, Tamosiunas R.
A prospective, randomized clinical study of osteochondral
autologous transplantation versus microfracture for the
treatment of osteochondritis dissecans in the knee joint in
children. J Pediatr Orthop 2009;29:741-748.

9. Gudas R, Kalesinskas RJ, Kimtys V, et al. A prospective
randomized clinical study of mosaic osteochondral autol-
ogous transplantation versus microfracture for the treat-
ment of osteochondral defects in the knee joint in young
athletes. Arthroscopy 2005;21:1066-1075.

10. Gudas R, Gudaite A, Mickevicius T, et al. Comparison of
osteochondral autologous transplantation, microfracture,
or debridement techniques in articular cartilage lesions
associated with anterior cruciate ligament injury: A pro-
spective study with a 3-year follow-up. Arthroscopy
2013;29:89-97.

11. Horas U, Pelinkovic D, Herr G, Aigner T, Schnettler R.
Autologous chondrocyte implantation and osteochondral
cylinder transplantation in cartilage repair of the knee
joint. A prospective, comparative trial. J Bone Joint Surg
Am 2003;85-A:185-192.

12. Lim HC, Bae JH, Song SH, Park YE, Kim SJ. Current
treatments of isolated articular cartilage lesions of the
knee achieve similar outcomes. Clin Orthop Relat Res
2012;470:2261-2267.

13. Ulstein S, Aroen A, Rotterud JH, Loken S, Engebretsen L,
Heir S. Microfracture technique versus osteochondral
autologous transplantation mosaicplasty in patients with
articular chondral lesions of the knee: A prospective
randomized trial with long-term follow-up. Knee Surg
Sports Traumatol Arthrosc 2014;22:1207-1215.

14. Spindler KP, Kuhn JE, Dunn W, Matthews CE,
Harrell FE Jr, Dittus RS. Reading and reviewing the
orthopaedic literature: A systematic, evidence-based
medicine approach. J Am Acad Orthop Surg 2005;13:
220-229.

AUTOGENOUS OSTEOCHONDRAL TRANSPLANT OUTCOMES 9


