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Abstract
Purpose Autologous osteochondral transplantation is an established treatment for large-sized osteochondral lesions of the 
talus (OLT) with excellent short term outcomes. However, few studies assess the outcomes of autologous osteochondral 
transplantation at mid-term follow-up. The purpose of the current systematic review was to evaluate the clinical outcomes 
of the autologous osteochondral transplantation procedure in the treatment of OLT at mid-term and long-term follow-up.
Methods A systematic search of the MEDLINE, EMBASE and Cochrane Library databases was performed in October 2017 
based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Included stud-
ies were evaluated with regard to level of evidence (LOE) and quality of evidence (QOE) using the Coleman Methodology 
Score. Clinical outcomes, and complications were also evaluated.
Results Eleven studies, with 500 ankles were included at a mean 62.8 months follow-up. Seven studies used the American 
Orthopaedic Foot and Ankle Society (AOFAS) score. The weighted mean preoperative AOFAS score was 55.1 ± 6.1, and 
the postoperative score was 86.2 ± 4.5, with 87.4% of patients (132 of 151) being reported as excellent or good results. In 
total, 53 of the 500 patients (10.6%) had complications. The most common complication was donor site morbidity with 18 
patients (3.6%) at final follow-up. Thirty-one patients (6.2%) underwent reoperations, and 5 ankles (1.0%) were regarded as 
failed autologous osteochondral transplantation.
Conclusion The current systematic review demonstrated that good clinical and functional outcomes can be expected follow-
ing autologous osteochondral transplantation for the treatment of OLT, with a low failure rate. The results from this study 
show patients can be reasonably counselled to expect good clinical outcomes in the mid-term. MRI and radiographs showed 
restoration of articular surface as well as a minimal presence of osteoarthritis at mid-term follow-up. However, as low level 
and quality of evidence and the variability of the data may confound the data, further well-designed studies are necessary to 
determine the effectiveness of autologous osteochondral transplantation in the treatment for OLT.
Level of evidence IV.
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Introduction

The operative treatment of osteochondral lesions of the talus 
(OLT) can be broadly divided into two categories: reparative 
procedures, including bone marrow stimulation (BMS), and 
replacement procedures, including autologous osteochondral 
transplantation (AOT). AOT is an established treatment for 
large-sized OLT, typically greater than 107 mm2 [22]. AOT 
can substitute the talar lesion with viable hyaline cartilage 
and subchondral bone by insertion of an autologous osteo-
chondral graft.
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Several clinical studies have demonstrated favourable out-
comes following AOT in the treatment of OLT at short-term 
follow-up [5, 13, 25]. However, little evidence exists on the 
mid-term and longer-term follow-up. Additionally, few stud-
ies include a large number of patients or have a high level of 
evidence, limiting the ability to draw broad and meaningful 
conclusions about the effectiveness of the AOT procedure 
for the treatment of OLT beyond short-term follow-up.

Currently no systematic review exists of mid-term out-
come following AOT for OLT, as such there is uncertainty 
regarding the mid-term outcome due to the low number of 
studies reporting this. Therefore, the purpose of the current 
systematic review was to evaluate the clinical outcomes ana-
lysing level and quality of evidence of the AOT procedure 
in the treatment of OLT at greater than 4 years following 
surgery. Our hypothesis was that the AOT procedure would 
produce good clinical outcomes at the mid- and long-term 
follow-up, with a high survivorship rate.

Materials and methods

Search strategy

A systematic review of the MEDLINE, EMBASE and 
Cochrane Library databases during October 2017 was per-
formed based on the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines [15]. 
The search terms were: (osteochondral OR osteochondritis 
dissecans OR cartilage OR chondral OR transchondral) 
AND (talus OR talar OR ankle) AND (transplantation OR 
autograft OR transfer OR transplant OR mosaicplasty). Ref-
erences of all articles identified by this search were also 
screened for possible inclusion. The inclusion and exclusion 
criteria are shown in Table 1.

Two independent reviewers screened the titles, abstracts 
and full-text articles of all searched studies by applying the 
aforementioned criteria. Any disagreements were resolved 

by consensus and if disagreement persisted, a senior author 
was consulted.

Assessment of level of evidence and methodological 
quality

The level of evidence (LOE) was assessed using the criteria 
published by The Journal of Bone and Joint Surgery and 
the methodological quality of evidence (QOE) was assessed 
using the Modified Coleman Methodology Score [1, 17]. 
Two independent reviewers determined the MCMS for each 
study. If any discrepancy existed, the senior author evaluated 
the available data and a consensus was reached. Studies were 
considered excellent when they scored 85–100 points, good 
studies when they scored 70–84 points, fair studies when 
they scored 55–69 points and poor studies when they scored 
less than 55 points.

Data extraction and evaluation

Two reviewers independently extracted data from each 
study and assessed variable reporting of outcome data using 
parameters of previously published criteria for the treatment 
of OLT [11]. The authors also collected surgical procedure 
characteristics, including lesion size, donor-site for the 
grafts, diameter and number of the grafts required. Finally, 
objective and subjective outcomes, postoperative imaging, 
donor-site morbidity, complications, and additional surgeries 
were extracted and evaluated.

Statistical analysis

All statistical analyses were performed using SAS software 
version 9.3 (SAS Institute, Inc., Cary NC). Descriptive sta-
tistics were calculated for all continuous and categorical 
variables. Continuous variables were reported as weighted 
mean and estimated standard deviation, whereas categori-
cal variables were reported as frequencies with percentages. 
A value of p < 0.05 was considered statistically significant.

Results

The search yielded 1096 studies, of these 11 studies met 
the inclusion and exclusion criteria for the current review 
(Fig. 1). The 11 included studies were published between 
2001 and 2016.

Patients demographics

A total of 500 patients, with a weighted mean age of 
33.8 ± 4.8 years (range 27.0–43.7), underwent AOT proce-
dure for the treatment of OLT [3, 5, 7, 8, 10, 12, 14, 20, 

Table 1  Inclusion and exclusion criteria

Inclusion criteria
 Clinical studies reporting outcomes after autologous osteochondral 

transplantation
 Treatment was for osteochondral lesion of the talus
 Follow-up ≥ 48 months
 Published in a peer-review journal
 Written in English

Exclusion criteria
 Review articles
 Case reports
 Cadaver studies
 Animal studies
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23, 27, 28]. The weighted mean postoperative follow-up 
time was 62.8 ± 13.3 months (range 48–85). The weighted 
mean lesion size was 110.5 ± 24.1 mm2 (range 85.0–152.9) 
(Table 2).

LOE and QOE

There were three studies of LOE III, and eight studies of 
LOE IV. The mean MCMS of all included studies was 
55.9 ± 6.3 of 100 points. No studies were classified as good 
or excellent quality using the MCMS. There were three stud-
ies (27.3%) of fair quality and eight studies (72.7%) of poor 
quality. There were just two studies investigating a large 
numbers of patients (n > 60).

Surgery characteristics

The donor-sites used for harvesting osteochondral grafts 
were reported in all included studies, and nine studies were 
from the ipsilateral knee and two studies utilized ipsilateral 
talar articular facet. The donor-sites of the knee included the 
lateral femoral condyle, lateral edge (border) of the troch-
lea or medial femoral condyle. Ten studies reported the 

graft sizes and the number of grafts, with a weighted mean 
number of 1.7 ± 0.7 (range 1–3). The characteristics of the 
included studies are shown in Table 2.

Variable reporting of outcome data

The defined data that were reported in the studies included 
in this review are shown in Table 3. Demographic informa-
tion including age and gender were reported in 100% of the 
included studies. While the study design, and imaging data 
were relatively well-reported variables with 86.4 and 81.8%, 
respectively, patient history were reported with only 54.5%, 
and clinical variables and patient-reported outcomes were 
the least reported variable in only 48.5 and 45.5% of the 
included studies.

Clinical and functional outcomes are listed in Table 4. 
Eight different outcome measures were recorded in 11 stud-
ies. The American Orthopaedic Foot and Ankle Society 
(AOFAS) score was the most frequently utilized in seven 
studies of the included. Of the seven studies that used 
AOFAS score, six studies reported both pre- and postopera-
tive scores. The weighted mean preoperative AOFAS score 
was 55.1 ± 6.1 (range 45.9–65.5), and the postoperative 

Fig. 1  PRISMA flow diagram
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score was 86.2 ± 4.5 (range 78–90), with 87.4% of patients 
(132 of 151) being reported as excellent or good results. 
The visual analogue scale (VAS) score was utilized in five 
studies, and all studies investigated both pre- and postop-
erative scores. The weighted mean preoperative VAS score 
was 6.8 ± 1.0 (range 5.9–8.5), and the postoperative score 
was 2.4 ± 0.9 (range 1.5–3.9). Two studies reported the Foot 
and Ankle Outcome Score (FAOS), with a weighted mean 
preoperative score of 51.0 ± 0.1 (range 50.9–51.1) and post-
operative score of 80.5 ± 5.6 (range 75.6–86.8). One study 
reported Lysholm score as a donor site outcome measure, 
with a score of 88 points. Other outcomes were reported 
in 1 study, including SF-12, Hannover score, and Tegner 
activity score.

Of 11 studies, 9 studies (81.2%) reported the results 
of postoperative imaging. However, only five studies 
(45.5%) used MRI for follow-up evaluation. Of the stud-
ies reporting MRI results, two studies investigated a scor-
ing system including magnetic resonance observation of 
cartilage repair tissue (MOCART) score, and the weighted 
mean MOCART score was 80.8 ± 6.8 (range 73.1–86.7). 
Four studies evaluated the occurrence rate of postopera-
tive subchondral bone cysts using MRI, with a weighted 
mean occurrence rate of 50.0% (range 33.3–66.7%). Four 

studies utilized plain radiographs (36.4%) as a follow-up 
evaluation. On the radiographs, 6 of 154 patients (3.9%) 
demonstrated some degree of decrease of ankle joint space 
at a mean of 60.3 months follow-up. Postoperative CT was 
reported in only 1 study (9.1%).

Complications and reoperations

Complication rates ranged from 0 to 50.0%. In total, 54 
of the 500 patients (10.8%) had complications. Compli-
cations included donor-site morbidity, infection, symp-
tomatic hardware, nerve injury, anterior ankle impinge-
ment and non-union of the graft or osteotomy site. The 
most common complication was donor site morbidity with 
26 patients (5.2%), but those with donor site morbidity 
decreased to 18 patients (3.6%) at final follow-up. A total 
of 31 patients (6.2%) underwent reoperations, including 11 
arthroscopic debridements, 5 hardware removals, 3 ankle 
fusions, 2 revision surgeries (ACI and second AOT), and 
10 unclear procedures. The authors deemed a total of five 
ankles (1.0%) failures, three required ankle fusions and 
two required revision surgeries.

Table 2  Characteristics of included studies

LoE level of evidence, OLT osteochondral lesion of the talus, dp double plugs, sp single plug

Study LoE n Mean age (years) Donor site (all 
ipsilateral)

Mean OLT size 
 (mm2)

Mean diam-
eter of graft 
(mm)

Mean 
number of 
grafts

Mean 
follow-up 
(months)

de l’Escalopier 
et al. [3]

IV 37 33 Edge of femoral 
trochlea

85 5.7 2.3 76 (12–192)

Fraser et al. [5] IV 36 31 Lateral femoral 
condyle

133 6, 8, 10 1.4 71

Georgiannos et al. 
[7]

IV 46 36 Talar articular 
facet

N/A 4.75, 6, 8 1 66 (52–75)

Haleem et al. [8] III 42 dp: 42.8
sp: 44.1

Lateral femoral 
condyle

dp: 208
sp: 74

6, 8, 10 1.3 85 (65–118)

Hangody et al. 
[10]

IV 36 27 Femoral condyle 10 mm diameter 
mean

3.5, 4.5, 6.5 3 50.4 (24–84)

Imhoff et al. [12] IV 26 33 Femoral condyle ≤ 300 10 1.5 84 (53–124)
Kreuz et al. [14] IV 35 31 Talar articular 

facet
6.3 4, 6, 8 1 48.9

Paul et al. [20] IV 131 31 Femoral condyle N/A 7–32 1.71 60
Ross et al. [23] III 77 35.8 Lateral femoral 

condyle
91.9 6, 8, 10 N/R 51 (12–97)

Valderrabano et al. 
[27]

IV 12 42 Lateral femoral 
condyle

135 N/A 3 72 (43–91)

Yoon et al. [28] III 22 37.1 Lateral femoral 
condyle

152.9 6, 8 2.1 48

Summary III; 3
IV; 8

500 (total) 33.8 110.5 1.7 62.8
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Discussion

The most important finding in the current study was that 
the AOT procedure has been shown to result in good–excel-
lent outcomes in 87.4% of patients at mid-term follow-up. 
Additionally, the rate of reoperation was relatively low at 
6.1%, with only a small portion of these patients requiring a 
revision procedure or an ankle fusion (1.0%). However, the 
current literature consists of low LOE with poor MQOE, 
and this is consistent with the literature on cartilage repair 
in the talus as a whole [21]. Therefore, careful attention 
should be paid when evaluating the outcomes of the stud-
ies following AOT in the treatment of OLT, because low 
LOE and QOE studies may show overestimated outcomes 
compared to higher LOE and QOE studies [18]. Regard-
ing the overall reporting of outcome data, the results from 
the current review were similar to those on microfracture 
for OLT [11]. The categories of demographic information 
and study design were well reported, while patient history, 

clinical variables, and patient-reported outcome data were 
reported less frequently. A higher percentage of reporting 
of imaging data has been shown in the current review than 
that of microfracture reported by Hannon et al. [11], but only 
46% of studies utilized MRI follow-up evaluation, despite 
MRI assessment being crucial in the treatment of cartilage 
pathology. These results remind investigators to implement 
data collection according to the previously recommended 
list of variables for studies on OLT, as adequate reporting 
of data should be necessary to perform high-quality studies 
and establish further clinical evidence [11].

There has been significant growth in the literature regard-
ing the clinical outcomes of AOT for the treatment of OLT. 
However, the majority of studies have reported outcomes 
with short-term follow-up. The current systematic review 
represents a comprehensive assessment of the studies with 
mid-term follow-up of patients who underwent AOT for the 
treatment of OLT. The AOT procedure provided excellent 
clinical results with significant improvement of clinical out-
comes scores at a mean of 62.8 months follow-up time, and 
87.4% of patients were reported to have excellent and good 
clinical results. This is an important finding as outcomes 
following BMS procedure have been shown to deteriorate in 
the mid-term [4, 26]. These findings, therefore, indicate that 
AOT results remain stable over time as previous systematic 
reviews have found similar results with the AOT procedure 
in the short-term [2, 4, 29]. This may be due to viable nor-
mal cartilage and subchondral bone of the autografts that 
have the potential to survive in the longer term compared to 
fibrous cartilage repair tissue following BMS.

Overall, additional surgeries, including arthroscopic 
debridement, removal of symptomatic hardware, ankle 
fusion and revision AOT, were required in 6.2% of patients. 
However, the clinical failure rate was only 1.0% at the mid-
term. The current study has found that there is good integra-
tion of the graft with surrounding tissues, and good quality 
cartilage remained on MRI findings at mid-term follow-up. 
However, there is still a concern that the current study has 
shown that a high rate of postoperative cyst formation after 
AOT for OLT in the mid-term follow-up. Although the clini-
cal impact of postoperative subchondral cyst formation was 
not found to be significant in the short-term, the long-term 
outcomes of these cyst formations are not yet known [24]. 
Subchondral cysts have the potential to contribute to the 
graft failure or poorer outcomes in the long-term. Further 
research is required to investigate the long-term conse-
quences of these cyst formations as well as the longevity of 
cartilage and subchondral bone of the grafts following AOT.

Donor-site morbidity was the most commonly reported 
complication in 5.2% of patients. However, knee donor-
site morbidity can improve over time from the short- to 
mid-term follow-up. Fraser et  al. [6] showed that the 
overall incidence of DSM was 12.5% at 2  years after 

Table 3  Data reported (in percentage)

Demographic information 100
 Gender 100
 Mean age 100

Patient history 54.5
 Body mass index 54.5
 Mean duration of symptoms 54.5
 Prebious traumatic experiences 54.5
 Activities of daily living/athletic participation 54.5

Study design 86.4
 Type of study 100
 Number of patients 100
 Percentage of patients in follow-up 54.5
 Consecutive patients 54.5
 Follow-up time 100
 Method of lesion size measurement 54.5
 Lesion classification system utilized 54.5
 Surgical approach used to access lesion 54.5

Clinical variables 48.5
 Lesion size 81.8
 Lesion location 45.5
 Presence of cyst 54.5
 Associated pathology 27.3
 Concomitant procedures 27.3
 Description of rehabilitation 54.5

Imaging data 81.8
 Imaging used to identify lesion 81.8
 Imaging used at follow-up 81.8

Patient-reported outcomes 45.5
 Pain, function, and activity scale, pre-operative 45.5
 Pain, function, and activity scale, at follow-up 45.5
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Table 4  Summary of outcomes

ACI autologous chondrocyte implantation, AOFAS American Orthopaedic Foot and Ankle Score, dp double plugs, sp single plug, DSM donor 
site morbidity, FAOS foot and ankle outcome score, N number, SF-12 short-form 12, VAS visual analogue scale

Study N Outcome 
scores

Preop Postop Imaging 
follow-up

Postop cyst 
formation, 
N (%)

Complica-
tions

Reoperations Failures (n)

de 
l’Escalopier 
et al. [3]

37 AOFAS
Ogilvie-

Harris

N/A
N/A

83 (9–100)
29: good to 

excellent

Xp: all N/A 6 DSM, 3 
failure

3 fusions 3

Fraser et al. 
[5]

36 AOFAS 65.5 ± 11.1 89.4 ± 14.4 MRI 12 (33%) 4 DSM, 1 
infection, 1 
uncom-
fortable 
hardware

1 hardware removal 0

Georgiannos 
et al. [7]

46 AOFAS 55 ± 4.2 90 ± 5.8 Xp N/A 5 impinge-
ment, 3 
infec-
tions, 1 
superficial 
peroneal 
nerve par-
aesthesia

5 debridement for 
impingement

0

Haleem et al. 
[8]

42 FAOS
SF-12

sp: 51.6, dp: 
49.5

sp: 57.8, dp: 
56.6

sp: 87.1, dp: 
86.2

sp: 87.9, dp: 
85.6

MRI N/A 2 DSM, 1 
saphen-
ous nerve 
hypothesia

None 0

Hangody et al. 
[10]

36 Hannover N/A 28: excel-
lent, 6: 
good, 2: 
moderate

Xp: unclear
CT: 19
MRI: 

unclear

N/A None None 0

Imhoff et al. 
[12]

26 AOFAS
VAS
Tegner

50
7.8
3.1

78
1.5
3.7

MRI 12 (46%) 1 infection None 0

Kreuz et al. 
[14]

35 AOFAS
VAS

54.5
8.5

89.9
1.5

Xp N/A 1 pain, 1 
without 
osseous 
integration, 
1 paraes-
thesia, 
1 suture 
reaction

1 ACI, 1 mosaic-
plasty

2

Paul et al. 
[20]

131 VAS
Lysholm

6.3
N/A

2.7
88

None N/A 2 infection, 2 
screw pain

2 screw removal, 
10 unclear proce-
dures

0

Ross et al. 
[23]

77 FAOS 51.1 75.6 MRI 43 (57%) 2 DSM, 1 
symp-
tomatic 
hardware

1 hardware removal 0

Valderrabano 
et al. [27]

12 AOFAS
VAS

45.9
5.9

80.2
3.9

MRI 8 (67%) 6 DSM 1 ankle scope, 1 
implant removal, 
1 debridement of 
lesion

0

Yoon et al. 
[28]

22 AOFAS
VAS

50.4
6.1

85.3
1.9

None N/A 4 pain, 4 
DSM, 1 
infection

4 scopes + debride-
ment

0

Summary 500 75 (50%) 54 (10.8%) 31 (6.2%) 5 (1.0%)
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surgery and it decreased to 5% at the final follow-up of 
41 months. Additionally, Paul et al. [19] found significant 
clinical improvement in the Lysholm score over time at 
6-month intervals up to 30 months. Furthermore, none 
of the included studies showed an increase in donor-site 
morbidity over the course of the follow-up, suggesting that 
knee donor-site morbidity may decrease over time. Further 
studies of longer follow-up are required to support the cur-
rent study findings.

The most common donor site utilized was the non-
weightbearing portion of the lateral femoral condyle. The 
advantage of harvesting from the lateral femoral condyle is 
that the topography of the lateral femoral condyle closely 
matches the joint surface of the talar dome [16]. Two studies 
utilized anterior articular talar facet medially or laterally as a 
donor site. While they did not report any donor-site morbid-
ity, it is difficult to assess and diagnose donor-site morbidity 
accurately as both the donor and recipient site are the same 
joint. In addition, few studies reported AOT procedure using 
articular talar facet as a donor site. As the ankle joint is a 
highly congruent small joint, the anterior articular talar facet 
may not be an optimal donor site for larger lesions. However, 
scant evidence of the AOT procedure using talar facet graft 
still exists, and further longer follow-up studies investigating 
the outcomes of the harvest site of the talus and its influence 
on the ankle joint is necessary.

Despite the encouraging clinical and functional outcomes 
reported, only four studies reported plain radiographic out-
comes at mid-term follow-up. In the current review, the 
rate of ankle joint narrowing was low, with only 3.9% of 
ankles showing reduced joint space on radiography at final 
follow-up. While following BMS, Ferkel et al. [4] evalu-
ated 50 patients at a mean of 71 months follow-up and 
found that 34% of patients demonstrated advancement by 
at least one grade of arthritis on radiography. The current 
review also demonstrated that only two studies evaluated 
the postoperative MRI using qualitative outcome measures, 
despite postoperative MRI follow-up is crucial to evaluate 
the graft/host integration, chondral wear, and subchondral 
bone condition following AOT procedure [8, 23]. However, 
their results were encouraging with a mean MOCART score 
of 80.8, suggesting the cartilage of the graft is maintained 
with good quality over mid-term. Although very few studies 
reported on the postoperative imaging results, these findings 
have suggested that the AOT procedure may afford the ankle 
joint increase longevity with hyaline character of the grafts. 
In contrast, BMS fills the defect site with fibrous cartilage 
repair tissue that is a less durable alternative will inevita-
bly deteriorate over time [4]. This finding is supported by 
the low rate of failure in the included studies. Additionally, 
Hangody et al. [9] have reported that biopsy specimens fol-
lowing the AOT procedure were similar to native cartilage 
in both type II collagen and proteoglycan content.

The most commonly reported scoring system was the 
AOFAS score. However, the current review found that the 
reported outcome measures were heterogeneous, with eight 
different scoring systems. Currently there is a lack of a vali-
dated scoring system for OLT. To provide more accurate analy-
sis, a novel validated scoring system for the clinical evaluation 
in the treatment of OLT is warranted. Despite this, the results 
from this study show patients can be reasonably counselled to 
expect good clinical outcomes in the mid-term.

This systematic review has several limitations and sources 
of potential bias. The search criterion was limited to MED-
LINE, EMBASE and The Cochrane Library, with articles 
exclusively published in English. The QOE of the included 
studies was poor, and the LOE was also low with no Level I 
or II study. However, this is consistent with the literature on 
cartilage repair as a whole and is not exclusive to this treatment 
[21]. The majority of the studies were retrospective and did 
not have a control, preventing us from having a true reference 
point to compare the results against. The data extraction was 
not performed in a blinded fashion, but rather was performed 
by two independent reviewers and later confirmed by the lead 
author.

Conclusion

The current systematic review demonstrated that good clinical 
and functional outcomes at mid-term can be expected follow-
ing AOT procedure for the treatment of OLT, with a low fail-
ure rate. In addition, MRI and radiographs showed restoration 
of articular surface as well as a minimal presence of osteoar-
thritis at mid-term follow-up. However, as low level and qual-
ity of evidence and the variability of the data may confound the 
data, further well-designed studies are necessary to determine 
the effectiveness of AOT procedure in the treatment for OLT.
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