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Evidence for operative treatment of talar 
osteochondral lesions: a systematic review

Helen Anwander 1, Philipp Vetter1, Christophe Kurze1, Chui J Farn1,2 and 
Fabian G Krause1
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2Department of Orthopedic Surgery, National Taiwan University Hospital, Taiwan, Republic of China

• Purpose: Operative treatment of talar osteochondral lesions is challenging with various 
treatment options. The aims were (i) to compare patient populations between the different 
treatment options in terms of demographic data and lesion size and (ii) to correlate the 
outcome with demographic parameters and preoperative scores.

• Methods: A systemic review was conducted according to the PRISMA guidelines. The 
electronic databases Pubmed (MEDLINE) and Embase were screened for reports with the 
following inclusion criteria: minimum 2-year follow-up after operative treatment of a talar 
osteochondral lesion in at least ten adult patients and published between 2000 and 2020.

• Results: Forty-five papers were included. Small lesions were treated using BMS, while large 
lesions with ACI. There was no difference in age between the treatment groups. There 
was a correlation between preoperative American Orthopaedic Foot and Ankle Society 
(AOFAS) score and change in AOFAS score (R = −0.849, P < 0.001) as well as AOFAS score 
at follow-up (R = 0.421, P = 0.008). Preoperative size of the cartilage lesion correlates 
with preoperative AOFAS scores (R= −0.634, P = 0.001) and with change in AOFAS score 
(R = 0.656, P < 0.001) but not with AOFAS score at follow-up. Due to the heterogeneity of 
the studies, a comparison of the outcome between the different operative techniques was 
not possible.

• Conclusion: Patient groups with bigger lesions and inferior preoperative scores did improve 
the most after surgery.

• Level of evidence: IV.

Introduction

An osteochondral lesion of the talus (OLT) is defined as 
damage to the talar cartilage with pathological changes 
in the underlying bone. OLTs are associated with residual 
pain following an acute ankle sprain or in patients with 
chronic ankle instability. It has been shown that mainly 
the physical component of patients’ quality of life is 
impacted by an OLT (1). Untreated, an ankle with OLT may 
predispose to progressive degeneration of the entire joint. 
Primary management of OLT is conservative treatment 
including restriction of physical activity, weight-bearing, 
physiotherapy and orthopedic insoles to distribute the 
load in the ankle joint properly. The conservative treatment 
of symptomatic OLT achieves a success rate of 50% (2, 
3). Numerous invasive therapies have been described; 
however, consensus particularly for bigger lesions has yet 
to be found (4).

The first operative treatment introduced was the sole 
debridement of unstable cartilage. Today, bone marrow 
stimulation (5) (BMS) (i.e. microfracture and drilling) is 
the most common technique to stimulate fibrocartilage 
differentiation in the ankle with OLT up to 1–1.5 cm2 
in size. BMS can be supported by applying additional 
material such as hyaluronic acid. The sealing of the defect 
with a collagen matrix after BMS describes the technique 
of autologous matrix-induced chondrogenesis (AMIC) (6).

Autologous chondrocyte implantation (ACI) (7) is a 
two-step procedure. Initially, healthy cartilage is sampled 
from a non-weight-bearing area, mainly in the knee 
joint. Chondrocytes are grown in vitro for several weeks 
and, in a second surgery, implanted into the talar defect 
and covered with periosteum or a biomembrane. In 
matrix-induced ACI (MACI), the chondrocytes are placed 
on a membrane in the laboratory and this membrane 
with the chondrocytes attached to it is placed into the 
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defect. In contrast to fibrocartilage after BMS, the ACI 
and MACI techniques lead to the growth of hyaline-like 
cartilage. Bone marrow contains mesenchymal stem cells; 
subsequently, application of bone marrow aspirate has 
been proposed to provide hyaline-like cartilage.

In OLT with a cyst or too big for BMS, osteochondral 
autologous transplantation surgery (OATS) (8) has 
been introduced. OATS describes the transplantation of 
osteochondral cylinders (mainly from the knee) into the talar 
lesion. However, ACI, MACI and OATS come with a donor 
site morbidity in a before healthy knee joint. To minimize 
this disadvantage, osteo-periostal autograft and allograft 
have been introduced for the treatment of big OLTs. As 
gold standard treatment of OLT has yet to be found, the 
experimental techniques are constantly introduced.

The objective of this review is to compare the indications 
and effectiveness of all reported operative treatment 
options for OLTs in the adult population.

The first aim was to compare patient populations 
between the different treatment options in terms of 
demographic data and lesion size. The second aim was to 
correlate the outcome with demographic parameters and 
preoperative scores.

Our first hypothesis is that BMS was used for smaller 
lesions and OATS for bigger lesions compared to other 
treatment options. Our second hypothesis is that young 
patients with small lesions have a superior outcome than 
older patients with bigger lesions.

Methods

This is a systematic review conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines. The checklist as 
published by Page et  al. was used (9). There was no 
funding for this study.

Literature research

The systematic review was conducted as follows: Electronic 
databases Pubmed (MEDLINE) and Embase were screened 
for reports published between January 2000 to December 
2020. Additionally, a backward citation chaining strategy 
was applied.

The following keywords were included for the search: 
(Talus OR talus OR talar* OR ankle) AND (Osteochondritis 
Dissecans OR Osteochondritis dissecans OR osteochondrosis 
dissecans OR osteochondrolysis OR OCL OR OCD OR OLT 
OR osteochondral OR chondral OR transchondral OR 
cartilage*) AND (defect* OR lesion*). After the removal of 
duplications, this search resulted in 1653 records.

Selection criteria

Inclusion criteria were a randomized controlled trial 
(RCT) or an observational study assessing the outcome 

after operative treatment for OLT in a study group of at 
least ten patients aged 16 years and older. Twenty-four 
months represent the minimum maturation time for the 
newly formed cartilage tissue (10); subsequently, we 
chose 2 years as minimum follow-up. Operative treatment 
included arthroscopic as well as open cartilage treatment. 
One rationale to exclude case series with less than ten 
patients and studies with only a short-time follow-up was 
to exclude papers of low quality.

However, we did include studies with level of evidence 
I–IV and low methodological quality. The rationale to not 
conduct a level I meta-analysis is based on the available 
research around OLT with only sparse high-level evidence. 
Exclusion criteria were the following: text in a language 
other than English, no full text available and any other 
publication status than published.

Independent search and evaluation of the articles 
was conducted by two reviewers (HA and PV). In case of 
disagreement, the senior author made the decision which 
paper can be included. Studies were not blinded for author, 
affiliation or source. The literature selection algorithm  
is presented according to the preferred reporting items 
for systematic reviews and meta-analyses (PRISMA)  
(Fig. 1) (11).

PRISMA flow diagram

Records identified from:
Pubmed: n= 1’406
Embase n= 762

Records removed before 
screening:

Duplicate records removed
(n = 515)

Records screened
(n = 1’653)

Records excluded
(n = 1’447)

Reports sought for retrieval
(n = 206)

Reports not retrieved
(n = 18)

Reports assessed for eligibility
(n = 188)

Reports excluded: n=143
Follow up < 24 months: 94
Age < 16y: 29
Less than 10 patients: 12
Incomplete data: 8

Studies included in review
(n=45)
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Figure 1
Flowchart of the literature research according to the preferred 
reporting items for systematic reviews and meta-analyses 
(PRISMA).



www.efortopenreviews.org

7:7FOOT AND ANKLE 462

After application of the inclusion and exclusion criteria, 
45 studies were finalized.

Data extraction

The following paper characteristics were retrieved: year of 
publication, journal, type of study and level of evidence. 
The following patient data were retrieved: number of 
patients, mean age, gender, previous surgery, time to 
follow-up, size of OLT, treatment method, concomitant 
surgery and clinical scoring system used. Preoperative 
clinical scores and results at last follow-up were extracted.

The most often reported outcome score was the 
American Orthopaedic Foot and Ankle Society (AOFAS) 
score (33 papers out of 45). Twenty-six of these 33 papers 
also included the s.d., the 95% CI or reported the scores 
for each included patient; subsequently, these studies 
could be used for quantitative analysis. The second most 
often reported score was the Visual Analogue Scale (VAS) 
for pain. Twenty-five papers included the VAS for pain, 
therefrom 20 papers included the s.d. As less than 50% 
of all 45 papers included the VAS with s.d., VAS was not 
included in the quantitative analysis.

Operative techniques

Treatment strategies were divided into the following three 
main groups: BMS, cartilage implantation and grafts. 
BMS was further subdivided into three subgroups: (i) 
BMS alone, (ii) BMS with additional therapies such as the 
application of bone marrow aspirate, hyaluronic acid or 

special scaffolds and (iii) AMIC. Cartilage implantation 
was subdivided into (i) ACI and (ii) MACI. The grafts were 
subdivided into (i) OATS, (ii) autograft of bone such as iliac 
crest and (iii) allograft (Fig. 2).

Statistical analysis

Clinical scores preoperative and at latest follow-up, age 
and gender of patients as well as size of the lesion were 
analyzed for each included study. Additionally, data 
from different studies describing the results of similar 
treatment groups using analogous scores were pooled. 
95% CI was calculated using the following formula: mean 
value ± 1.96 × s.d./√ (number of patients). The age of 
patients was compared between the treatment groups 
using one-way Anova. The size of lesions in patients was 
compared between the treatment groups using Student’s 
t-test. Pearson’s chi square was used to compare gender 
between the treatment groups.

Clinical scores, age and size of the lesion were correlated 
using Pearson’s correlation. A value of R > 0.7 is considered 
a strong correlation, 0.4–0.7 a moderate correlation 
and < 0.4 a weak correlation. Twenty-six papers included 
the AOFAS score preoperative and at follow-up and s.d. at 
both time points. Of these 26 papers, 4 papers presented 
the scores for 2 different treatment methods, leading 
to a total of 30 patient groups available for analysis. A 
forest plot including the AOFAS score preoperative and at 
follow-up per separate study as well as the pooled results 
of each treatment group was conducted.

BMS

20

Cartilage 

implantation

9

Graft

17

BMS alone

11 studies

(576 patients)

Age: 36.4 years

Gender: 69% male

Size: 88mm
2

BMS + add. 

therapies

7 (258)

37.9

58%

86mm
2

AMIC

5 (162)

35.4

61%

183mm
2

ACI

6 (164)

31.5

62%

213mm
2

MACI

3 (38)

34.4

38%

148mm
2

OATS

8 (322)

33.2

60%

199mm
2

Autograft

5 (82)

34.1

77%

154mm
2

Allograft

4 (63)

39.8

57%

172mm
2

Flowchart of surgical techniques

All techniques

45 studies

Figure 2
Flowchart of the operative techniques described in the included papers. Four papers included ≥10 patients in more than one 
treatment group. BMS, bone marrow stimulation; AMIC, autologous matrix-induced chondrogenesis; ACI, autologous chondrocyte 
implantation; MACI, matrix-induced ACI; OATS, osteochondral autologous transplantation surgery; + add. therapies, with additional 
therapies.
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Results

Characteristics of the patients

The 45 assessed studies reported the outcome of total 
1695 patients (Table 1). The mean age at time of surgery 
was 35.4 years old, and 63% were male. Thirty-two studies 
reported the size of the lesion with a mean size of 1.4 cm2. 
Fifteen studies assessed only patients with no previous 
surgery of the OLT, 6 studies assessed only revisions and 
22 studies included both or did not declare it.

Quality of evidence

This review included one RCT, 12 prospective and 32 
retrospective cohort studies. Thirty-four studies were 
classified as level 4 based on the criteria for level of evidence 
published by the Center for Evidence-Based Medicine (12). 
In recent years, the number of published studies meeting 
the inclusion criteria rose (Fig. 3).

Operative techniques

The most often reported operative technique was BMS 
alone with 11 papers including 576 patients (13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23). More than half of the patients 
(996/total 1695 patients) received BMS alone, BMS with 
an additional therapy (18, 19, 23, 24, 25, 26, 27) or AMIC 
(28, 29, 30, 31, 32) .

BMS alone and BMS with an additional therapy were 
used in smaller lesions (0.88 cm2 and 0.86 cm2, respectively) 
than the other therapies (1.86 cm2, P < 0.001). Figure 2 
The biggest lesions (mean 2.13 cm2) were treated with ACI 
(33, 34, 35, 36, 37, 38). ACI was also used in youngest 
patient group (mean 31.5 years old), and allograft (39, 
40, 41, 42) was implanted in the oldest patients with an 
average age of nearly 40 years. However, there was no 
statistical difference in age between the treatment groups 
(P = 0.092). Three studies reported the outcome of 38 
patients after MACI (43, 44, 45), 8 studies included 322 
patients with OATS (46, 47, 48, 49, 50, 51, 52, 53) and 5 
studies used autograft in 82 patients (13, 54, 55, 56, 57).

BMS was mostly used on primary OLT. Cartilage 
implantation techniques and grafts were mainly published 
in revision cases or mixed groups.

In 15 studies (33%), concomitant surgeries addressing 
an instability or deformity were conducted if necessary. In 
six studies, patients with additional surgeries other than 
the procedure for the OLT were excluded. In ten studies, 
patients with an instability were excluded; however, it is 
not specified if all patients with additional surgeries were 
excluded. The remaining 14 papers did not mention if 
additional surgeries were conducted and the authors did 
not reply to repeated inquiries.
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Outcome scores

The most often reported outcome score was the AOFAS 
score. In Figure 4A and B, a total of 16 clinical scores have 
been published (Table 1).

There is a strong inverse correlation between the 
preoperative AOFAS score and the change in the AOFAS 
score (R = −0.849, P < 0.001) (Figure 5). There is a 
moderate correlation between the preoperative AOFAS 
score and AOFAS score at follow-up (R = 0.421, P = 0.008). 
Preoperative size of the cartilage lesion correlates with 
preoperative AOFAS scores (R = −0.634, P = 0.001) and 
with change in AOFAS score (R = 0.656, P < 0.001) but not 
with AOFAS score at follow-up.

Age of the patients at the time of surgery did not correlate 
with preoperative AOFAS score or change of AOFAS score, 
but there was a weak inverse correlation with AOFAS score 
at the time of follow-up (R = −0.335, P = 0.046).

Discussion

This systematic review showed a correlation of the 
preoperative AOFAS score with the increase of the score 
as well as with the outcome score. This indicates that a 
group of patients with inferior preoperative scores will 
profit more by having a bigger increase in clinical scores 

Figure 3
Diagram of the quantity of papers published between 2000 and 
2020.

Figure 4
(A) Forest plot of AOFAS score preoperative and at follow-up per 
separate study. x-axis: AOFAS score from 0 to 100, the squares 
display the mean AOFAS score with error bar displaying the 95% 
CI, *chiton-based scaffold, +hyaluron based scaffold, AOFAS, 
American Orthopaedic Foot and Ankle Society; BMS, bone 
marrow stimulation; + add., with additional therapies; AMIC, 
autologous matrix-induced chondrogenesis; ACI, autologous 
chondrocyte implantation; MACI, matrix-induced ACI; OATS, 
osteochondral autologous transplantation surgery. (B) Forest 
plot of AOFAS score preoperative and at follow-up for pooled 
studies. x-axis: AOFAS score from 0 to 100, the squares display 
the mean AOFAS score with error bar displaying the 95% CI, 
AOFAS, American Orthopaedic Foot and Ankle Society; BMS, 
bone marrow stimulation; + add., with additional therapies; 
AMIC, autologous matrix-induced chondrogenesis; ACI, 
autologous chondrocyte implantation; MACI, matrix-induced 
ACI; OATS, osteochondral autologous transplantation surgery.
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but will not reach the same level 2 years postoperatively as 
a group of patients with higher preoperative scores.

When focusing on the size of the lesion, patients with 
a bigger lesion had inferior preoperative AOFAS scores, 
profited more and reached similar levels at follow-up as 
patients with a smaller lesion.

In the literature, inferior outcome in bigger lesions was 
found after BMS. The proposed cut off point was set at 
1.07–1.5 cm2 for the indication of BMS in OLT (58, 59). 
In the papers included in this review, BMS was used for 
smaller, mainly primary lesions with a mean size below 1 
cm2. Considering all the papers, we found no correlation 
between lesion size and outcome. However, patients with 
a bigger lesion did suffer more preoperatively and did 
profit more from the operation. This implies that patients 
with bigger and more symptomatic lesions are not too late 
for treatment but will show the most improvement after 
surgery, atleast not up to a size of 200 mm2 as reported 
in the literature included in this review. While BMS is 
proposed to be reserved for smaller lesions, other surgical 
techniques have been proven successful also in bigger 
lesions. The future however will show which technique 
will become the most accepted for OLTs over 1–1.5 cm2.

The inferior outcome in older patients after BMS and 
AMIC was published corresponding to the findings in 
this review with a weak inverse correlation between 
age and outcome scores (14, 29). In one-third of the 
studies, concomitant surgeries addressing an instability 
or deformity were conducted. In our opinion, in patients 
with an underlying cause for the OLT, the therapy of this 
cause is essential for the successful treatment of the OLT.

The limitations of a systematic review include 
publication bias and selective reporting. Most papers 
in this review were of low methodological quality, 
underlining once more the necessity for more sufficiently 

powered randomized studies with extended follow-up 
times in future research. To diminish poorly conducted 
studies, strict inclusion criteria were applied, such as a 
minimum follow-up of 24 months, minimum age of 16 
years old and a minimal count of ten patients included 
in the follow-up. A second limitation is that only papers 
in English were included. Further, complication ratios and 
revision rate were rarely stated and subsequently could 
not be analyzed.

Due to the observed heterogeneity of the patient 
population (e.g. level of the preoperative scores and size 
of the lesion), variety in the outcome assessment and 
incomplete data publication, the conduction of a meta-
analysis regarding the outcome after different treatment 
options was not possible. In future research, a validated 
score for the OLT needs to be established in order to 
increase the homogeneity and uniformity in outcome 
assessment and evaluation of the results. The increase 
in publications on OLT in recent years shows the current 
importance of the topic.

Conclusion

In this systematic review, we found that patients with 
bigger and more symptomatic OLTs profited the most 
from surgery. BMS was the most often reported operative 
technique and was used for smaller, mainly primary lesions 
with a mean lesion size below 1 cm2. Direct comparison 
of the outcome between the different treatment groups 
was not possible due to the heterogeneity of the patient 
population.
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