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Abstract
Objective. a gold standard surgical treatment for osteochondral lesions (OCls) of the talus still needs to be established. 
Still, autologous matrix-induced chondrogenesis (aMiC) is a commonly applied 1-stage procedure that has achieved good 
short- and mid-term results. the present cohort study aimed to assess whether the long-term, 10-year results can confirm 
the previous findings. Design. all patients underwent an open aMiC procedure using a collagen type i/iii bilayer matrix 
for a talar OCl. general demographic data, preoperative magnetic resonance imaging findings, intraoperative details, and 
german version of the Foot Function index (FFi-D) scores preoperatively and at 1, 5, and 10 years as well as european 
Foot and ankle Society (eFaS) and american Orthopedic Foot & ankle Society (aOFaS) scores at 10 years after surgery 
were analyzed. the primary outcome variable was the procedure’s longitudinal effect, and several variables’ influence on 
the outcome was tested. Results. Of 47 consecutive patients, 18 (38%) were included. Of the 18 patients, 6 (33%) were 
female, and 12 (67%) were male, with a mean age of 39 ± 15 (range = 15-62) and an average body mass index (BMi) of 
26 ± 5 (range = 20-38) kg/m². the mean defect size was 1.4 ± 0.9 (range = 0.2-4) cm². the FFi-D total score showed 
a significant decrease from preoperatively to 1 year postoperatively (56 ± 19 to 34 ± 27; P = 0.001) with a further 
nonsignificant decrease to the 5-year (34 ± 27 to 21 ± 20; P = 0.16) and 10-year follow-up (21 ± 20 to 15 ± 13; P = 
1.00). all the single items decreased significantly from preoperatively to the 5- and 10-year mark. although not significant, 
most items improved from 5 to 10 years postoperatively. age positively correlated with the preoperative, 5-year, and 10-
year follow-up FFi-D total score. Conclusions. aMiC, as a single-step surgical intervention, is a viable long-term treatment 
option. Patient selection regarding symptoms and findings is vital to achieve satisfying results.
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Introduction

The talus’ osteochondral lesions (OCLs) are a heterogeneous 
group of pathologies commonly defined by a defect of the 
articular cartilage and the subchondral bone.1 OCLs occur in 
about two-thirds of chronic ankle instability and acute ankle 
fractures, but also without a clear traumatic context.2-4 The 
interest in a reliable and sustainable treatment option is high, 
considering hyaline cartilage’s poor intrinsic repair mecha-
nism based on its hypocellular, avascular, and alymphatic 
characteristics.5,6 This often causes a lasting defect or insuf-
ficient fibrotic scar tissue within the healing process, leading 
to ankle joint osteoarthritis.7,8 Regarding the symptoms, 
patients can be asymptomatic or profoundly limited in their 
daily and sporting activities.9 Therefore, treatment remains 
challenging. Under conservative treatment, osteoarthritis 
progression takes place in about one-third of patients, and an 
even more significant number fail to restore their level of 
sports activity.8 The central aspect of conservative manage-
ment is adjusting activities with stress on the ankle joint.10 
Since most patients are young and carry an active lifestyle, 
surgical treatment is usually recommended.11,12 Surgical 
treatment options for OCLs can be divided into 3 groups: (1) 
reattachment of the osteochondral fragment; (2) bone mar-
row stimulation (BMS) by microfracture, nano-fracture, or 
microdrilling with or without a scaffold to achieve fibrocar-
tilage proliferation; and (3) autologous or allogenic graft to 
restore the defect with hyaline cartilage.13 Fixation of an 
osteochondral flake is only possible in an acute traumatic 
context with appropriate morphologic attributes regarding 
size and bone stock. A gold standard treatment for OCLs 
outside this category has yet to be realized.7 Since its estab-
lishment in the 1980s, BMS has long been used to treat 
OCLs.14 Its technique is relatively simple and affordable. 
Nevertheless, their use is limited to lesions of less than 1 
cm².15,16 Autologous matrix-induced chondrogenesis 
(AMIC) combines bone marrow–derived mesenchymal pro-
genitor cells and a collagen type I/III bilayer matrix. The 
surrounding avital tissue is debrided within this single-stage 
procedure to form stable edges. The subchondral sclerotic 
bone is penetrated using the BMS technique. The matrix is 
fitted to the defect and attached by fibrin glue. The released 
progenitor cells migrate toward the membrane, avoiding 
leakage into the joint space.17,18 The 5-year evaluation of 
patients treated with AMIC for OCLs of the talus showed 
promising results. Long-term results are still minimal. 
Therefore, this study aimed to assess the stability of these 
previous results in the long term.

Materials and Methods

Study Design

We performed a cohort study using 10-year follow-up data. 
All patients were treated at a single specialized orthopedic 

foot and ankle clinic and thoroughly informed about their 
treatment. They provided written consent to the treatment 
and the use of their clinical and imaging data for research 
purposes. The institutional review board approved the pres-
ent study. The follow-up data focused on patient-reported 
outcome measures (PROMS) as several studies have shown 
a poor correlation of clinical outcome and imaging after 
cartilage reconstruction.19,20

Patients

Of 21 consecutive patients undergoing an open AMIC pro-
cedure for a talar OCL without malleolar osteotomy from 
June 2010 to December 2011 and taking part in the 5-year 
follow-up, 18 were included in this study. The dropouts 
were caused by missing follow-ups, changes of address, or 
lack of interest.

Surgical technique and Postoperative 
Management

The 5-year follow-up study accurately depicted the oper-
ative procedure.17 In summary, all patients were treated 
by an open ventral approach to the ankle joint. All unsta-
ble cartilage and necrotic bone were debrided. The sub-
chondral sclerosis was perforated using a 1.2-mm 
Kirschner wire (=microdrilling) or microfracture. The 
bone defect was reconstructed to the level of the subchon-
dral bone lamella using autologous cancellous bone. After 
assessing the correct size, the collagen matrix was 
attached using commercially available fibrin glue. The 
postoperative regimen consisted of partial weight-bearing 
with 10 kg for 6 weeks and a gradual increase in loading 
for another 6 weeks.

Data Collection

Following our standardized quality management policy, the 
patients were asked to complete a standardized foot and 
ankle questionnaire (Foot Function Index, German version 
[FFI-D])21 preoperatively, 1 and 5 years postoperatively. At 
the 10-year follow-up examination between June 2020 and 
November 2022, the patients were asked to complete the 
FFI-D again and additionally the EFAS (European Foot and 
Ankle Society) and AOFAS (American Orthopedic Foot & 
Ankle Society) score.22,23

Statistical Analysis

Statistical analysis was performed using JAPS 0.18.1 
(University of Amsterdam). The data are presented as the 
mean and standard deviation. General descriptive statistical 
analyses were performed. Data were compared using the 
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t-test and repeated measurement analysis of variance (post 
hoc Bonferroni test). Correlations were determined by cal-
culating the Spearman coefficient for normally distributed 
values. The P values ≤0.05 were considered to indicate sta-
tistical significance.

Results

Demographic Data

Eighteen patients were included in this analysis. Of these 
patients, 6 (33%) were female, and 12 (67%) were male. 
The mean age at the time of surgery was 39 ± 15 (range = 
15-62), and the average body mass index (BMI) was 26 ± 
5 (range = 20-38) kg/m². The mean duration of symptoms 
was 52 ± 43 months (range = 5-132). Three of the 18 
(17%) patients were smokers, and 10 (56%) had undergone 
an ipsilateral surgical treatment previously. Finally, 8 (44%) 
had not experienced any trauma before the beginning of the 
symptoms, 2 (11%) had experienced trauma within the pre-
vious year, and 8 (44%) had experienced trauma >12 
months before surgery.

location and Size of the Defect

All 18 patients (100%) underwent preoperative magnetic 
resonance imaging (MRI). Sagittal and coronal views were 
used to determine the defect size and location. The mean 
defect size was 1.4 ± 0.9 (range = 0.2-4) cm². The defect 
was located medial to the talus in 13 (67%), central in 2 
(11%), and lateral in 3 (17%) patients.

intraoperative Details

Surgery was performed from June 8, 2010, to December 6, 
2011. For 17 patients (94%), additional procedures, such as 
cancellous bone graft, reconstruction of lateral ligaments, 
neurolysis of the peroneus superficial nerve, arthroscopy 
before arthrotomy, reconstruction of the peroneal tendon, 
hardware removal, lengthening of the Achilles tendon, and 
reconstruction of the syndesmosis, were required.

Subjective Outcome (FFi-D)

The FFI-D total score showed a significant decrease from 
preoperatively to 1 year postoperatively (56 ± 19 to 34 ± 
27; P = 0.001) with a further nonsignificant decrease to the 
5-year (34 ± 27 to 21 ± 20; P = 0.16) and 10-year follow-
up (21 ± 20 to 15 ± 13; P = 1.00) (Fig. 1, Table 1).

Comparable results were obtained for the FFI-D sub-
scales of function and pain. These decreased significantly 
from preoperatively to 1 year postoperatively (58 ± 18 to 
37 ± 29; P = 0.04 and 53 ± 22 to 30 ± 25; P < 0.001), and 
further, but non-significantly to the 5-year (37 ± 29 to 23 ± 
20; P = 0.12 and 30 ± 25 to 20 ± 20; P = 0.34) and 10-year 
follow-up (23 ± 20 to 15 ± 15; P = 1.00 and 20 ± 20 to 15 
± 12; P = 1.00) (Fig. 2).

Furthermore, each item of the FFI-D at each follow-up 
examination (preoperatively and 1, 5, and 10 years postop-
eratively) was analyzed separately. Overall, significant dif-
ferences (analysis of variance) could be found for all the 
items in the pain subscale. Items 1 (worst foot pain), 2 
(morning foot pain), 6 (pain standing with shoes), 7 (foot 
pain at end of day), and 8 (pain at night) improved signifi-
cantly from preoperatively to 5 and 10 years postopera-
tively, whereas items 3 to 5 (pain walking barefoot, pain 

Figure 1. Progression of the german version of the Foot 
Function index (FFi-D) total score at the preoperative and  
1-, 5-, and 10-year follow-up assessments.

Table 1. Comparison of the german Version of the Foot Function index (FFi-D) total Score at the Preoperative and 1-, 5- and 10-
Year Follow-up assessments.

FFi-D Mean Difference P value

Preoperative 1-year FU 22.00 <0.01
 5-year FU 34.46 <0.001
 10-year FU 40.50 <0.001
1-year FU 5-year FU 12.46 0.16
 10-year FU 18.50 <0.01
5-year FU 10-year FU  6.05 1.00

P value adjusted for comparing a family of 6.
FFi-D = german version of the Foot Function index; FU = follow-up.
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standing barefoot, pain walking with shoes) improved con-
siderably from 1 year to 10 years postoperatively (Suppl. 
Table S1). Similarly, significant differences were found for 
all the items in the function subscale. All items improved 
significantly from preoperatively to 5 and 10 years postop-
eratively. Except for items 5 (difficulty descending stairs) 
and 7 (difficulty getting up from chair), all items showed a 
significant decrease from 1 year to 10 years postoperatively 
(Suppl. Table S1). Items 2 (difficulty walking on uneven 
surfaces) and 9 (difficulty with sports/leisure activities) had 
the most linear improvement with P values of <0.001 from 
preoperatively as well as 1 year postoperatively to the 
10-year follow-up (Fig. 3).

Factors Affecting FFi-D Scores

Gender and previous surgical interventions did not signifi-
cantly influence the FFI-D or subgroup scores. Age showed 
a moderate but significant positive correlation with the pre-
operative, 5-year, and 10-year follow-up FFI-D total score 
and subscale for function and the preoperative subscale for 
pain outcomes analyzed. The BMI and size of the lesion 
showed a similar positive correlation for the preoperative 
FFI-D and subscale for pain (Table 2). The smoking status 
correlated positively only at the 5-year mark for all 3 mea-
surements. Etiology (trauma) and defect location showed a 
barely significant correlation for the subscale pain at the 

Figure 2. Progression of the german version of the Foot Function index (FFi-D) pain and function scores at the preoperative and  
1-, 5-, and 10-year follow-up assessments.

Figure 3. Progression of the german version of the Foot Function index (FFi-D) function items 2 and 9 at the preoperative and  
1-, 5-, and 10-year follow-up assessments.
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5-year follow-up. At the same time, the duration of symp-
toms showed a mild, significant positive correlation 
between the FFI-D overall score and the subscale for func-
tion at the 10-year follow-up.

eFAS Scores

EFAS scores were evaluated at the 10-year follow-up. Total 
scores were 18 ± 4 and 11 ± 4 for EFAS Sport, respec-
tively (Fig. 4). Age showed a significant, negative correla-
tion in the 2 score outcomes. The location correlated 
significantly with EFAS overall; both the etiology (trauma) 
and size of the defect negatively with EFAS overall, and the 
duration of symptoms negatively with EFAS sports scores.

Discussion

The 5-year follow-up from our clinic showed promising 
results for using the AMIC technique.17 Due to later drop-
outs, that study included 3 more patients. The FFI-D total 
score decreased significantly from pre- to 1 year postopera-
tive, with a further, nonsignificant decrease between the 1- 
and 5-year follow-ups. Similar results were observed for the 
FFI-D subscales function and pain.17 Several studies matched 
these results with a follow-up period from 12 to 60 months.24 
In a meta-analysis, Walther et al. included a total of 323 
patients. The studies used assessment tools such as AOFAS, 
the visual analogue scale for pain (VAS), the Foot Function 
Index (FFI), and the Tegner score. A statistically significant 
improvement in functional outcomes was seen throughout 
the studies. Only 1% of patients required revision surgery. 
Thus, the authors support using the AMIC procedure to treat 
OCLs based on these mid-term results.24 The same applies to 
arthroscopically performed AMIC procedure.25,26

A more long-term evaluation of outcome variables is 
desirable since most patients treated for OCLs are young.27-29 
This study showed that the function improved even more 

between 5 and 10 years postop, with a further decrease in the 
FFI-D overall score and the subscales, function, and pain. 
This indicates a satisfactory sustainability of the AMIC treat-
ment of OCLs of the talus. However, we do not know of any 
other study that has such an extended follow-up to verify our 
results. Two studies with a mean 5-year follow-up included 
single cases with longer follow-up. Weigelt et al.30 showed 
the example of an 18-year-old patient with an AOFAS = 100 
and a VAS = 0.8 years after treating a large OCL of the 
medial talar dome. Wiewiorski et al.28 also found a signifi-
cant improvement in AOFAS from 43 to 76 and VAS from 
6.9 to 2.3 with a follow-up to a maximum of 87 months 
(mean 46.9 ± 17.8) but did not distinguish between this 
range. Our mean AOFAS was 77 and therefore similar at 10 
years but in accordance with other findings (Suppl. Fig. S1).

The results for items 2 (walking on uneven surfaces) and 
9 (sports/leisure activities) of the FFI-D function subscale 
showed linear improvement up to the 10-year follow-up 
mark. Wiewiorski et al.,28 who focused on sports activities, 
did not show significant improvement between pre- and 
postoperatively. In contrast, this study did show significant 
improvement from preoperatively to the mid-term and 
long-term follow-up as well as from 1 year postoperatively 
to long term. Using different PROMS (Tegner score vs FFI-
D), a direct comparison of the 2 studies is impossible. The 
same applies to Weigelt et al. (Tegner score), who found 
that 79% of patients acquired a total return to previous 
sports activities after 5 years and significantly improved 
score outcomes.30 As well as in our earlier study, most 
demographic characteristics had no to mild effects on the 
score results. Naturally, age, BMI, size of the lesion, and 
duration of symptoms showed some correlation with the 
outcome but must be interpreted very carefully due to the 
small number of patients.

Considering other locations, good long-term clinical 
results were stated in 7- and 9-year follow-ups after the 
AMIC procedure of the knee joint.31-33 The same applies to 

Figure 4. eFaS outcome at 10-year follow-up assessments.
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an 8-year follow-up after treatment of acetabular chondral 
lesions of the hip with AMIC.34 That study compared AMIC 
with microfracture alone and found a 0-conversion rate into 
hip arthroplasty versus 22% in the latter group. All the other 
long-term studies share that they do not compare AMIC to 
any other technique. The AMIC procedure performed sig-
nificantly better for more extensive lesions at the mid-term 
follow-up of a randomized controlled trial (RCT).35 
Autologous chondrocyte implantation (ACI) has also been 
used as a treatment option. The apparent downsides are the 
donor-side morbidity, the 2-step procedure, and the neces-
sity of laboratory processing.36 Regardless of these factors, 
in a systematic review, the 2 techniques reach similar mid-
term results in functional outcomes and complications.37 
The same authors recently published a meta-analysis on the 
outcome of allograft versus autograft for the treatment of 
OCLs of the talus. They showed significantly better results 
in AOFAS and MOCART (Magnetic Resonance Observation 
of Cartilage Repair Tissue) scores in the autograft group.38 
However, the same perioperative disadvantages apply to 
ACI. Thus, AMIC seems to be a promising operative treat-
ment option.

The further improvement of the FFI-D scores within this 
study can give suggestions regarding patient selection and 
management. Patients with specific complaints preopera-
tively and high demands postoperatively are more likely to 
benefit from surgical treatment and positively impact 
PROMS. A progression in osteoarthritis is not regularly 
seen in OCL.8 Thus, the risks might outweigh the benefits 
of a preventive surgical approach. Acknowledging the find-
ings that a structured nonoperative treatment with activity 
reduction, bracing, physical therapy, and temporarily 
restricted weight-bearing can lead to satisfying results8 in 
mild to moderate lesions and symptoms, a conservative 
attempt may be considered. Patients who fail conservative 
treatment or have severe symptoms and findings on MRI 
will most likely improve after the AMIC procedure, even in 
the long term, and can be guided accordingly pre- and 
postoperatively.

One of the limitations of our study is the small sample 
size, which decreased further compared with the 5-year 
follow-up due to dropouts. In addition, a control group is 
lacking in comparing different operative techniques. The 
limitations regarding FFI-D were outlined previously.17 
AOFAS and EFAS were only acquired at the 10-year fol-
low-up. A longitudinal change cannot be evaluated. A com-
parison between different study results is limited because 
various scores were used.

Conclusions

Our study shows that PROMS results in function and pain 
are stable even between 5- and 10-year follow-ups. AMIC, 
as a single-step surgical intervention, is a viable long-term 

treatment option. Patient selection regarding symptoms and 
findings is vital to achieve satisfying results.
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