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Matrix-associated autologous chondrocyte
implantation with autologous bone
grafting of osteochondral lesions of the
talus in adolescents: patient-reported
outcomes with a median follow-up of 6
years
Daniel Körner1* , Christoph E. Gonser1, Stefan Döbele1, Christian Konrads1, Fabian Springer2,3 and Gabriel Keller2

Abstract

Background: This study presents patient-reported outcome measures after combined matrix-associated autologous
chondrocyte implantation and autologous bone grafting in high-stage osteochondral lesions of the talus in
adolescents.

Methods: A total of 12 adolescent patients (13 ankles) received matrix-associated autologous chondrocyte
implantation and autologous bone grafting for a solitary osteochondral lesion of the talus at a single centre. The
Foot and Ankle Outcome Score and Foot and Ankle Ability Measure were defined as outcome measures (median
follow-up 80 months [range 22–107 months]). Pre- and postoperative ankle radiographs were evaluated according
to the van Dijk ankle osteoarthritis scale.

Results: The study population consisted of four male and nine female cases (mean age at the time of surgery,
17.7 ± 2.1 years). Eight lesions were classified as traumatic and five as idiopathic. Twelve lesions were located
medial vs one lateral in the coronal plane and all central in the sagittal plane. The median lesion size and depth
were 1.3 cm2 (range 0.9–3.2 cm2) and 5 mm (range 5–9 mm), respectively.
There were no perioperative complications in any of the cases.
In 9 cases patient-reported outcome measures were available. The results of the Foot and Ankle Outcome Score
subscales were symptoms, 70 ± 14; pain, 83 ± 10; activities of daily living, 89 ± 12; sports/recreational activities, 66 ±
26; and quality of life, 51 ± 17. The mean overall Foot and Ankle Outcome Score was 78 ± 13.
The results of the Foot and Ankle Ability Measure subscales were activities of daily living, 81 ± 20; function/activities of
daily living, 84 ± 13; sports, 65 ± 29; and function/sports, 73 ± 27. According to the function overall subscale of the Foot
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and Ankle Ability Measure, in two cases, the patients assessed the ankle function as normal, in three as nearly normal,
and in three as abnormal (missing data, n = 1).
Preoperative van Dijk scale: stage 0 in five cases and stage I in eight cases; postoperative van Dijk scale: stage 0 in four
cases, stage I in 9 cases

Conclusions: Patient-reported outcome measures following matrix-associated autologous chondrocyte implantation
and autologous bone grafting for high-stage osteochondral lesions of the talus in adolescents show heterogeneous
results. Long-term limitations mainly affect sports and recreational activities. Osteochondral lesions of the talus are
associated with osteoarthritis, even preoperatively. However, we did not find significant osteoarthritis progression after
matrix-associated autologous chondrocyte implantation and autologous bone grafting in the long term.

Keywords: Osteochondral lesion, Ankle, Talus, Children, Adolescents, Autologous bone grafting, Autologous
chondrocyte implantation, Matrix-associated autologous chondrocyte implantation, Patient-reported outcome
measures, Osteoarthritis

Background
Osteochondral lesions of the talus (OCLTs) are rare in
pre-school children but become more frequent in
schoolchildren and especially female adolescents [1]. Ex-
cept for acute flake fractures, the primary treatment is
conservative [2]. Operative therapy options of OCLTs in
the paediatric and adolescent population vary; there is a
lack of internationally accepted treatment guidelines. For
low-stage OCLTs, good clinical results have been re-
ported after arthroscopic treatment with bone marrow
stimulation (BMS) techniques, fragment fixation, and
retrograde drilling [3–8]. However, relatively high re-
operation rates due to treatment failure have also been
reported [9]. There is little evidence regarding the opera-
tive treatment of high-stage OCLTs in children and
adolescents.
Different expert groups have proposed thresholds for car-

tilage replacement therapies such as matrix-associated
autologous chondrocyte implantation (MACI) and matrix-
induced bone marrow stimulation (M-BMS) at a defect size
of 1.0 cm2 [10] and 1.5 cm2 [11, 12], respectively. In the
case of deep subchondral bone loss, additional autologous
bone grafting (ABG) can be performed. The threshold for
bone grafting in addition to scaffold-based therapies (MACI
or M-BMS) has been defined at a defect depth of 3 mm
[10] and 5 mm [12], respectively.
In a large case series, Kramer et al. analysed the results

of surgical treatment of 109 osteochondral lesions of the
ankle (107 OCLTs and two osteochondral lesions of the
distal tibia) of 100 patients with a mean age of 14.3 ± 2.3
years over a median follow-up period of 3.3 years [9].
The patient population showed Berndt/Harty stages I to
IV lesions. Different surgical techniques such as transarti-
cular drilling (54%), fragment fixation (20%), and excision
microfracture (26%) were used. The authors found that
female sex and higher BMI were associated with worse
Foot and Ankle Outcome Score (FAOS) outcomes. How-
ever, no significant difference in FAOS scores was

detected according to the procedures used or the postop-
erative radiographic findings [9].
To the best of our knowledge, no study has yet re-

ported long-term clinical outcome data after MACI/
ABG in a paediatric and adolescent patient population
with high-stage OCLTs. The aim of this study is to
present patient-reported outcome measures (PROMs)
after combined MACI/ABG in adolescents.

Methods
Study population
Between 2012 and 2018, 12 adolescent patients (13 ankles)
received MACI/ABG for a solitary OCLT at our trauma
centre. The patient files and imaging data that were digit-
ally available in the picture archiving and communication
system were retrospectively analysed. Further, the patients
were followed up using PROMs. The following inclusion
criteria were defined: presence of a solitary OCLT, opera-
tive treatment with MACI/ABG at our institution, and pa-
tient age 20 years or younger at the time of MACI/ABG.
The World Health Organization defines adolescence as
the period of life between the ages of 10 and 20.

Data capture
Epidemiological data such as age at the time of MACI/
ABG, gender, and body mass index (BMI) were cap-
tured. Furthermore, data about the OCLT were analysed,
such as the side of injury and the location at the talus
(coronal: medial vs central vs lateral; sagittal: anterior vs
central vs posterior). It was recorded whether the tibial
plafond showed a corresponding lesion.
The aetiology of the OCLT was classified as traumatic

when there was a history of trauma in the medical his-
tory of the patient. Otherwise, the OCLT was classified
as idiopathic.
The OCLTs were classified according to the Inter-

national Cartilage Repair Society (ICRS) classification
and the Berndt-Harty-Loomer (BHL) classification [13].
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The lesion size and depth were evaluated based on pre-
operative cross-sectional imaging (preoperative magnetic
resonance imaging was available for retrospective ana-
lysis in eight cases, computed tomography in eleven
cases). The lesion size was calculated by multiplying
length and width.
It was registered whether and when there had been

previous operations to that ankle/OCLT. Complications
following MACI/ABG were also captured.

Operative technique
The decision for MACI/ABG was based on medical his-
tory, clinical examination findings, preoperative imaging,
patient preferences, and findings in ankle arthroscopy.
MACI/ABG was considered in the case of ICRS stage 4
cartilage damage with a lesion size ≥ 1.0 cm2 and/or le-
sion depth ≥ 5 mm.
MACI/ABG was performed as a two-stage proced-

ure. In the first step, ankle arthroscopy was per-
formed to evaluate the articular cartilage. If the
indication for MACI/ABG was confirmed, cartilage
was harvested from an area outside the main weight-
bearing zone of the talus and sent to the manufac-
turer. In one case, arthroscopy with retrograde dril-
ling of the OCLT was combined with chondrocyte
harvesting.
After cultivation, the MACI scaffold was implanted in

a second procedure. Novocart® 3D (Tetec AG, Reut-
lingen, Germany) was used in nine cases, and Novocart®
Inject (Tetec AG, Reutlingen, Germany) was used in
four cases. After medial (n = 12) or lateral (n = 1) mal-
leolar osteotomy, the OCLT was debrided, and sharp
cartilage rims were cut. For ABG, bone cylinders were
harvested from the ipsilateral (n = 11) or contralateral (n
= 2) iliac crest and placed into the bony talar defect. The
MACI scaffold was placed onto the bone. In the case of
Novocart® 3D, the matrix was fixed to the surrounding
cartilage with absorbable sutures. The osteotomy of the
malleolus was fixed with tension band wiring (n = 5),
screw fixation (n = 7), or plating (n = 1, lateral
malleolus).
The rehabilitation protocol consisted of partial weight

bearing (20 kg) in a lower leg orthosis for 6 weeks after
the procedure.
In seven cases, hardware removal was performed in

our institution combined with follow-up arthroscopy
(mean time between MACI/ABG and hardware re-
moval/follow-up arthroscopy 12 ± 5 months). One of
those patients underwent a revision operation in the fur-
ther course because of cyst formation at the medial mal-
leolus (case no. 3). In the remaining cases, the hardware
removal was performed without arthroscopy (n = 3) or
in another hospital (n = 3).

Outcome measures
The German versions of the FAOS [14] and Foot and
Ankle Ability Measure (FAAM) [15] were defined as
outcome measures. The questionnaires were sent to the
patients; they were asked whether they had undergone
any re-operation after treatment at our institution. Eight
of the 12 patients with nine MACI/ABG procedures
returned the completed PROMs. The median follow-up
was 80 months (range 22–107 months).
Furthermore, both preoperative and the last available

postoperative ankle radiographs (anteroposterior and lat-
eral views) were evaluated according to the van Dijk
ankle osteoarthritis (OA) scale (median follow-up 8
months [range 1–67 months]) [16, 17].

Statistical analysis
Statistical analysis was performed using the software
package JMP (SAS Institute Inc., JMP, Version 12.2.0,
Cary, NC, USA). The Shapiro-Wilk W test was applied
to screen the data for normality of distribution. Mean
and standard deviation for normally distributed data as
well as median and range for non-normally distributed
data were reported. Descriptive statistics were carried
out.

Compliance with ethical standards
The study was performed according to the ethical stan-
dards of the institutional and national research commit-
tee and according to the 1964 Helsinki Declaration and
its later amendments. The institutional review board ap-
proved this study (identification number: 180/2020BO1).
Patients who returned the PROMs gave their informed

consent. For patients who were lost to follow-up (n = 4),
consent was waived, since in these patients only a retro-
spective, pseudonymised data evaluation was performed.
The authors declare that they have no potential con-

flicts of interest.

Results
Table 1 shows the demographic and lesion characteris-
tics of the study population. The study population con-
sisted of four male and nine female cases in 12 patients
(mean age at the time of MACI/ABG 17.7 ± 2.1 years).
The median BMI was 23.5 kg/m2 (range 18.0–39.3 kg/
m2). The distal tibial physis was closed in all patients.
The median lesion size and depth were 1.3 cm2 (range
0.9–3.2 cm2) and 5 mm (range 5–9 mm), respectively.
There were no perioperative complications in any of

the cases after MACI/ABG (n = 13). In one case (case
number 3), there were complications during hardware
removal/follow-up arthroscopy 11 months after MACI/
ABG, with difficult screw removal from the medial mal-
leolus. In the further course, an osseous cyst developed
on the medial malleolus, which was finally treated with
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autologous bone grafting after 14 months. The
remaining cases in the follow-up population had no re-
operation within the follow-up period. The cases lost to
follow-up (n = 4) had no re-operations for the period
when they were treated in our institution (median 7
months, range 1–13 months).

The clinical outcomes according to the FAOS and
FAAM scores for every case are presented in Table 2.
The mean overall FAOS score was 78 ± 13. Figure 1
shows the results of the five FAOS subscales, and Fig. 2
shows the results of the FAAM subscales activities of

Table 1 Demographic and lesion characteristics

Patient Case Age
(years)

Sex BMI
(kg/m2)

Aetiology Previous operations Side Location Tibial
lesion

ICRS BHL Size
(cm2)

Depth
(mm)Coronal Sagittal

1 1 17 F 24.6 T 2: Arthroscopy, retrograde
drillinga; re-arthroscopy,
retrograde drilling, BMS
distal tibia

R Med. C. Yes 4 3 1.4 5

1 2 19 F 25.4 T 0 L Med. C. No 4 3 1.0 5

2 3 18 F 23.3 I 0 R Med. C. No 4 3 1.1 5

3 4 14 F 18.1 I 0 R Med. C. No 4 3 b b

4 5 20 F 18.0 T 0 R Lat. C. No 4 4 1.2 5

5 6 20 M 23.5 I 1: Arthroscopy, retrograde
drilling

R Med. C. No 4 4 1.1 9

6 7 20 F 18.8 I 0 L Med. C. No 4 3 1.1 5

7 8 15 F 24.0 T 2: Arthroscopya; re-arthroscopy,
BMS

R Med. C. No 4 3 1.9 7

8 9 20 M 26.0 T 0 L Med. C. No 4 3 0.9 5

9 10 15 F 30.5 I 0 L Med. C. No 4 3 1.6 5

10 11 18 M 23.5 T 0 L Med. C. No 4 4 3.2 5

11 12 16 F 22.3 T 1: Arthroscopy, retrograde
drilling

R Med. C. No 4 3 1.6 5

12 13 18 M 39.3 T 0 R Med. C. Yes 4 3 1.6 6

BHL, Berndt-Harty-Loomer classification; BMI, body mass index; BMS, bone marrow stimulation; ICRS, International Cartilage Repair Society classification; F, female;
M, male; I, idiopathic; T, traumatic; L, left; R, right; Lat., lateral; Med., medial; C., central
aOther hospital
bMissing data

Table 2 Patient-reported outcome scores (Foot and Ankle Outcome Score and Foot and Ankle Ability Measure)

Patient Case FU (months) Foot and Ankle Outcome Score Foot and Ankle Ability Measure

Symptoms Pain ADL Sports/
recreation

QOL Overall ADL Function/
ADL

Sports Function/
sports

Function
overall

1 1 107 75 83 94 80 56 83 94 90 78 90 Nearly normal

1 2 83 93 97 100 95 69 95 98 95 91 95 Normal

2 3 96 75 78 85 60 44 75 61 80 47 70 Missing

3 4 L

4 5 96 61 69 63 25 38 57 43 65 16 15 Abnormal

5 6 80 50 69 76 40 19 61 70 75 31 45 Abnormal

6 7 L

7 8 47 71 97 100 80 75 90 99 100 84 85 Nearly normal

8 9 L

9 10 L

10 11 26 75 83 94 75 56 83 92 85 84 70 Nearly normal

11 12 24 50 78 90 40 44 70 77 65 53 85 Abnormal

12 13 22 79 89 99 95 56 89 98 99 97 99 Normal

FU, follow-up; ADL, activities of daily living; QOL, quality of life; L, lost to follow-up
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daily living, function/activities of daily living, sports, and
function/sports.
Table 3 indicates the pre- and postoperative radio-

graphic findings according to the van Dijk ankle OA
scale. In eight cases (62%), the preoperative radiographs
showed stage 1 OA (vs five cases [38%] without signs of
OA). In the postoperative radiographs, nine patients

(69%) had stage 1 OA and four patients (31%) stage 0
OA.
Patients who assessed their function overall according

to the FAAM score to be normal (n = 2) or nearly nor-
mal (n = 3) showed stage 1 OA in four cases (80%) and
no signs of OA in one case (20%) on postoperative ra-
diographs. In contrast, in patients who assessed their
function overall to be abnormal (n = 3), postoperative

Fig. 1 Box plots of the five Foot and Ankle Outcome Score subscales (mean ± standard deviation): symptoms, 70 ± 14; pain, 83 ± 10; activities of
daily living (ADL), 89 ± 12; sports/recreational activities, 66 ± 26; quality of life (QOL), 51 ± 17

Fig. 2 Box plots of the four Foot and Ankle Ability Measure subscales (mean ± standard deviation): activities of daily living (ADL), 81 ± 20;
function/ADL, 84 ± 13; sports, 65 ± 29; function/sports, 73 ± 27
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radiographs showed stage 1 OA in one case (33%) and
no signs of OA in two cases (67%).
Cases without previous operation regarding the af-

fected ankle (n = 9) had a mean age of 18.0 ± 2.2 years
at the time of MACI/ABG. The group consisted of three
males and nine females (33% vs 67%), and the median
BMI was 23.5 kg/m2 (range 18.0–39.3 kg/m2). In con-
trast, the group of cases with one or two previous opera-
tions (n = 4) had a mean age of 17.0 ± 2.2 years, a
gender distribution of one male vs three females (25% vs
75%), and a median BMI of 23.75 kg/m2 (range 22.3–
24.6 kg/m2).
Cases without previous operation showed no signs of

OA in four cases (44%) and stage 1 OA according to the
van Dijk classification in five cases (56%) on pre-MACI/
ABG radiographs compared to cases with previous oper-
ation, which showed no signs of OA in one case (25%)
and stage 1 OA in three cases (75%) prior to MACI/
ABG.

Discussion
The aim of this study is to present clinical results after
MACI/ABG for OCLTs in adolescents using PROMs.
PROMs are increasingly used to evaluate the subjective
outcomes of surgical interventions of the foot and ankle
[18, 19]. An analysis of the measurement properties of
the FAOS and FAAM scores identified these as promis-
ing PROMs [19].
The comparability of FAOS and FAAM score values

between different patients is limited as the scores

represent a highly subjective patient point of view. The
subjective outcomes after MACI/ABG in this study were
heterogeneous. In some subscales, the values were
widely scattered between the patients (e.g., FAOS sub-
scale sports/recreational activities, FAAM subscales
sports and function/sports). Overall, some patients seem
to have long-term limitations, especially in sport activ-
ities (as seen in the FAOS subscale sports/recreational
activities and the FAAM subscales sports and function/
sports). In addition, quality of life seems to be impaired
in the long term in some patients (FAOS subscale QOL).
When interpreting the PROMs, it must be taken into

account that only high-stage OCLTs (stage 4 cartilage
damage according to the ICRS classification plus sub-
chondral bony defect), which themselves represent a sig-
nificant damage to the ankle, were treated with MACI/
ABG. In addition, we found a high rate of ankle OA on
preoperative radiographs in these young patients (stage
1 OA according to the van Dijk classification in eight of
the 13 cases). The presence of osteophytes led to the
diagnosis of stage 1 OA in all of the cases. OA was
present in cases with and without previous operations of
the affected OCLT (three of four cases [75%] vs five of
nine cases [56%]). Furthermore, OA was also detected
before MACI/ABG in both idiopathic and traumatic
OCLTs (four of five [80%] vs four of eight [50%]). In
other words, OA affected both idiopathic and traumatic
cases and also cases without any previous operation of
the affected ankle. This finding supports the assumption
that OCLTs may lead to the development of diffuse
ankle OA. However, osteochondral lesions may also be
part of developing OA of the ankle due to other causes.
The question is whether the clinical outcome is influ-
enced by the initial OCLT, the surgical intervention, or
the potential OA.
There is a lack of evidence about the natural history of

OCLTs and the potential association between OCLT
and OA in paediatric and adolescent patients. Edmonds
et al. reported radiographic outcomes after ankle arth-
roscopy plus retrograde drilling in 50 ankles after a
mean follow-up of 15.1 ± 11.5 months (range 3.2–49.1
months) [20]. The mean patient age at the time of sur-
gery was 13.2 ± 2.7 years. Remarkably, the authors de-
tected worsening signs of OA according to the Kellgren-
Lawrence classification in 25% of cases (reported pre-
operative score: mean 0.42, median 0 vs postoperative
score: mean 0.60, median 1). Patient age of 11.5 years
was identified as a potential predictive value for advan-
cing Kellgren-Lawrence stage [20]. When comparing our
results to the findings of the above mentioned study, it
must be considered that the lesion characteristics in
both populations were different. Edmonds et al. only in-
cluded OCLTs with intact overlaying cartilage, whereby
the OCLTs within our study all showed significant

Table 3 Radiographic outcome (van Dijk scale)

Patient Case Pre Post FU (months)

1 1 1 1 67

1 2 0 1 43

2 3 1 1 11

3 4 0 0 8

4 5 0 0 12

5 6 1 1 1

6 7 1 1 6

7 8 1 1 17

8 9 1 1 1

9 10 1 1 4

10 11 1 1 23

11 12 0 0 2

12 13 0 0 2

Van Dijk scale before and after matrix-associated autologous chondrocyte
implantation and autologous bone grafting (MACI/ABG). The latest radiograph
before the operation “pre” and the latest available radiographs “post” were
used, respectively. In case 3, the last radiograph prior to the revision operation
at the medial malleolus was used as the latest follow-up radiograph to
minimise bias. The time between MACI/ABG and postoperative radiograph
was defined as the follow-up (FU)
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cartilage damage. Nevertheless, Edmonds et al. also
found signs of OA prior to surgical treatment, similar to
our study.
We detected van Dijk stage progression on post- com-

pared to preoperative radiographs in only one case. But
the differences between post- and preoperative radio-
graphs must be interpreted with caution because the
time interval between MACI/ABG and the follow-up ra-
diographs was very different between the cases.
It is unknown whether the natural history of OCLTs

differ between children/adolescents and adults. In a 24-
year follow-up (range 7–36 years) of 13 paediatric pa-
tients with OCLT of the talar dome that were treated
conservatively, Wester et al. found abnormalities in five
cases in follow-up imaging, such as persistent primary
lesion in three cases and loose bodies in two cases [21].
Three of these five patients had mild symptoms at
follow-up. The authors concluded that OA is infrequent
in paediatric OCLTs [21]. In contrast, Ikuta et al. re-
ported a case of a 12-year-old girl with medial talar
OCLT [22]. She was treated conservatively over a period
of 10 years. After an interval of 4 years, she developed
limitations of recreational activities and signs of OA on
follow-up radiographs [22].
Weigelt et al. presented long-term clinical and radio-

logical outcomes of 24 mainly adult OCLT patients that
were treated conservatively after a mean follow-up of 14
years (range 11–20 years) [23]. The mean initial patient
age was 42 years (range 10–69 years). At follow-up, 29%
of the cases showed no signs of OA, 50% stage 1 OA,
and 21% stage 2 OA according to the van Dijk classifica-
tion. In this study, 15 initial radiographs were available
that were compared with follow-up radiographs. At the
time of follow-up, 11 cases showed no OA progression,
and four cases showed progression by one grade. How-
ever, the clinical results did not correlate with the radio-
logical findings [23].
In the present study, we did not investigate a potential

correlation between the presence of pre- or postoperative
OA and OA progression and clinical outcome, since the
number of cases was too small to draw reliable conclusions.
Furthermore, our cohort represents a highly selected sub-
group of OCLT patients with only high-stage OCLTs.
There are several reports of good clinical outcomes

following ankle arthroscopy and retrograde drilling [4, 7,
8]. However, this technique is reserved for OCLTs with
intact overlaying cartilage [24]. There is a deficit of stud-
ies on the treatment of high-stage OCLTs in children
and adolescents. We assume that the preoperative
OCLT stage (cartilage damage and subchondral bony
defect) has a major impact on the long-term clinical and
radiological outcome. Several retrospective case series
reported heterogeneous clinical and radiographic results
of arthroscopic BMS techniques; however, to the best of

our knowledge, there is no study investigating the out-
come of cartilage replacement therapies (MACI or M-
BMS) in combination with ABG or osteochondral trans-
plantation in the paediatric and adolescent population.
Carlson et al. followed 22 OCLT patients with a mean

age of 14.4 years (range 8–18 years) with BMS and de-
tected high functional outcomes according to different
scores after a mean follow-up of 8.3 years (range 2–27
years) [6]. Remarkably, the authors found van Dijk OA
stage 0 in 56%, stage 1 in 38%, and stage 2 in 6% of the
cases on postoperative radiographs. Jurina et al. reported
the results of arthroscopic BMS in 13 skeletally imma-
ture patients with OCLT [5]. They detected good clinical
results in 10 and fair clinical results in three cases ac-
cording to the Berndt and Harty outcome question as
well as significant American Orthopaedic Foot and
Ankle Society (AOFAS) score improvement compared
to the preoperative AOFAS score [5]. Reilingh et al. re-
ported the outcome of operative treatment of skeletally
immature OCLT patients with a mean age of 13 years
who were treated with fragment fixation (n = 9) and de-
bridement/BMS (n = 21) [3]. The BMS patients had a
good outcome in 13 cases, a fair outcome in three cases,
and a poor outcome in five cases, according to the
Berndt and Harty outcome question. The median
AOFAS score was 95 (range 45–100) at follow-up [3].
In the abovementioned study by Kramer et al. in

addition to other outcome measures, the FAOS score
was evaluated in 44 patients. The average FAOS score
was 77 ± 18, which is comparable to our results (mean
FAOS score 78 ± 13) [9]. However, the surgical tech-
niques and lesion characteristics between the study by
Kramer et al. and our study were different, which limits
the comparability.
The outcomes of BMS techniques decline with in-

creasing defect size and depth [25]. The threshold for
cartilage replacement therapies such as MACI or M-
BMS is a defect size of 1.0 cm2 [10] or 1.5 cm2 [12] and
greater. Giannini et al. also defined a lesion depth over 5
mm as an indication for bone grafting in chronic OCLTs
[12]. M-BMS has the advantage of being a one-step pro-
cedure compared to MACI, which requires two opera-
tions. M-BMS showed better clinical results compared
to microfracture in patellar chondral defects [26], while
this was not the case for adult OCLT patients [27].
New therapeutic procedures such as differentiated to

chondrocytes bone marrow mesenchymal stem cells cul-
tured on a collagen type I/III scaffold have shown en-
couraging clinical results in full-thickness cartilage
defects of the knee [28]. It remains to be seen whether
this technique can also be successfully applied to the
ankle joint.
There are recommendations for debridement without

BMS for acute and small (< 1cm2) or partial thickness
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OCLTs [12, 25]. A recent review showed good to excel-
lent short- and medium-term outcomes after arthro-
scopic debridement of focal cartilage lesions of the knee
[29].
The mean patient age of the present study was higher

compared to the abovementioned studies. This is partly
because some cases had previous, less invasive surgical
interventions at the affected OCLT prior to MACI/ABG,
and MACI/ABG was used as a revision technique. Fur-
thermore, MACI/ABG was realised in all cases in this
study via a malleolar osteotomy, which should only be
performed when the growth plates of the distal tibia/fib-
ula are closed (Fig. 3).
Our results regarding OCLT location are in accord

with other findings in paediatric [9] and adult OCLT pa-
tients [27, 30], according to which OCLTs occur more
frequently at the medial than at the central or lateral
talus.
This study has several limitations. First, we could not

compare the results of the FAOS and FAAM scores with
preoperative baseline values. This is due to the retro-
spective character of the study. Second, the number of
cases is too small to compare different subgroups ac-
cording to the clinical outcome (e.g., idiopathic vs trau-
matic). However, we were able to present long-term
outcomes of a homogeneous study population after a

standardised procedure. To the best of our knowledge,
this is the first study reporting PROMs after MACI/ABG
in an adolescent population.
Future studies should focus on the long-term out-

comes of both operatively and non-operatively treated
OCLTs. Because of the rarity of paediatric OCLTs, this
should be realised via multicentre registries to generate
greater study populations. Different operative techniques
could be compared according to different outcome mea-
sures. Special attention should be given to the develop-
ment of OA in the long term and the association
between radiographic findings and clinical outcomes.

Conclusions
PROMs following MACI/ABG for high-stage OCLTs in
adolescents are heterogeneous between patients. Long-
term limitations seem to especially affect sports and rec-
reational activities. OCLTs are associated with OA, even
preoperatively. However, we did not find significant OA
progression after MACI/ABG in the long term.
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