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A B S T R A C T

Background: The aim of this study is to systematically review the literature on clinical outcomes of
patients who have undergone autologous matrix-induced chondrogenesis (AMIC) for treatment of
osteochondral lesions of the talus (OCL) and compare the studies’ outcomes.
Methods: Pubmed and Embase were searched in January 2020 for articles concerning OCL surgery. Studies
were included if they had a minimum 1-year follow-up and the primary measures were functional
outcomes. The meta-analysis compared the Visual Analogic Score (VAS), the American Orthopedic Foot
and Ankle Score (AOFAS), and the Foot Function Index (FFI) between baseline and follow-up of 1�2 years,
and 3�5 years. A random effects model was used to evaluate outcome changes.
Results: The search returned 15 studies, with a total of 492 patients. The VAS improved 4.45 and 4.6 points
from baseline to the 1�2 year and 3�5 year follow-up, respectively (p < 0.001). AOFAS improved 31.59
and 32.47 points from baseline to the 1�2 year and 3�5 year follow-up, respectively (p < 0.001). The FFI
showed a significant improvement of 30.93 points from baseline to year 3�5 (p < 0.001). A total of 6
patients with revision surgeries have been reported within the follow up period. It was not possible to
correlate clinical features like lesion size, surgical approach, and bone marrow stimulation technique to
the reported outcome.
Conclusion: Surgical treatment of OCL via the AMIC procedure provided significant improvement in the
functional outcome and pain scores when compared to the pre-operative values. Improvements were
observed up to 5 years post-operatively.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of European Foot and Ankle Society. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Ankle sprains are one of the most common musculoskeletal
injuries. In a meta-analysis that included 144 papers, with most of
those being high-quality studies, Doherty et al. [1] reported an
incidence of up to 11.55 sprains per 1000 exposures in sports,.
Additionally, 50% of acute ankle sprains result in some form of
chondral damage [2]. In chronic ankle instability, talar cartilage
lesions have been found in 51% of the patients [3]. Therefore, it is
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distinctly probable that osteochondral lesions of the talus (OCL) are
a significant, clinically relevant problem. Unfortunately, articular
cartilage has a very low potential for intrinsic repair and
regeneration. Thus these lesions likely predispose the patients
to degenerative joint disease [4]. With chondral defects leading to
changes in the distribution of forces in weight-bearing joints [5],
there are several surgical approaches that focus on attempting to
restore the congruence of articular surfaces.

In treating OCL, the initial work by Steadman had shown that
bone marrow stimulation (BMS) could provide positive clinical
outcomes [6]. The underlying theory has been that BMS fosters the
recruitment of bone marrow-derived mesenchymal stem cells
(MSCs) to the site of injury. These MSCs are then retained within a
marrow clot where they proliferate and differentiate into
chondroprogenitor cells and produce a fibrocartilage repair [7].
Subsequent work has sought to improves this, investigating
various repair techniques to enhance bone marrow stimulation
(also called microfracture). Among these procedures are autolo-
gous chondrocytes implantation, osteochondral autografts, and
allografts, with the treatment option depending on the size, nature,
and position of the lesion [8]. As BMS and its subsequent iterations
have developed, one of the techniques that have seen substantial
growth is the covering of the BMS site with a collagen type I/III
membrane and scaffolds based on hyaluronic acid. In the earliest
publication, the authors proposed that the use of the collagen
membrane could extend the durability of the outcomes as well as
allow a larger lesion to be successfully treated [9].

This innovation, known as the autologous matrix-induced
chondrogenesis (AMIC) technique, involves debridement of the
OCL, BMS, and then coverage of the lesion site by a collagen I/III
membrane (Chondro-Gide, Geistlich Pharma AG, Wolhusen,
Switzerland). Clinical outcomes following AMIC have been
published that demonstrated a considerable improvement for
patients who were treated for osteochondral lesions of the knee
[10] as well as the hip [11]. Specific to OCL, a meta-analysis of 83
studies in which patients had been treated using either allograft,
ACI, BMS, or autologous osteochondral transplantation, a compar-
ison between surgical treatments indicated no significant differ-
ences in outcomes, with a notable flaw to the analysis being the
low level of evidence of the cited studies [12]. Another study, with
a similarly low level of evidence of the studies, suggested that the
lesion diameter significantly correlated with clinical outcomes, so
the authors proposed that BMS should be reserved for osteochon-
dral lesions less than 1 cm2 [13], which is smaller than the
previously proposed threshold value of 1.5 cm2 [14,15]. Compara-
ble to the reported results in the knee, talar OCL repair outcomes
may vary with follow-up time, as Polat et al. (2016) that at 5 years
follow-up, 42% of patients had no symptoms, but 32% had a one-
stage increase in their level of degenerative arthritis [16].

Due to the varying levels of evidence in the published literature,
as well as the differences in treatment methods, there is a need to
evaluate treatment outcomes objectively. Indeed, a recent paper
had stated that a methodologically proper meta-analysis could not
be performed due to the low level of evidence and the limited
number of patients [17]. This was comparable to a report which
noted that although the overall clinical success rate was 89.9%, the
evidence concerning treatment for osteochondral defects of the
talus is still elusive due to the low level of evidence in many papers
[18]. However, both of these reviews are dated, with even the
article by Lambers, et al. (2018) only including publications up to
2016 [17].

While more recent articles specific to OCL have been published,
these have tended to be retrospective, single cohort studies, with
few prospective or comparative studies involving AMIC [19–21].
With more recent data being available, it would be helpful to
clinicians as well as their patients to assess the data systematically
and evaluate its applicability to treatment paradigms for osteo-
chondral lesions. Therefore, we undertook this present systematic
review and meta-analysis to assess the outcomes following OCL
treatment via AMIC.

2. Methods

2.1. Literature search

A literature search was conducted on the Pubmed database on
January 16, 2020, using the following search: "Chondro-Gide" OR
"Chondrogide" OR "Autologous matrix induced chondrogenesis"
OR (AMIC AND cartilage) AND (talus OR ankle). Publications were
excluded if they were review papers, surgical technique articles, or
state of the art descriptions. Furthermore, only studies that were
reported in English language were considered. Regarding PICO
criteria (Population, Intervention, Comparison, Outcome) [22,23],
the focus was intervention and outcome, attributable to the limited
literature available.

2.2. Selection criteria

Two reviewers independently screened the articles. Case
reports were excluded unless they contained safety issues or
reported adverse events. Evidence of duplicate or identical patient
populations in different publications was assessed in order to avoid
the repetition of the same cohort. Studies were included if they
were 1) clinical studies with primary measures of functional
outcomes and, optionally, a secondary outcome being the quality
of the repaired tissue; 2) studies involving cartilage defects of the
ankle with a follow-up of at least 1 year; 3) studies that included
more than 5 patients.

2.3. Data extraction and critical appraisal

The following study and patient characteristics were retrieved:
age, gender, number of patients, clinical scoring system used, and
follow-up duration. Pre-operative and post-operative clinical
outcome scores were extracted, and if a study reported follow
up results after one and two years we used the results after one
year. Any safety related information, such as complications or
adverse events, were recorded.

2.4. Statistical analysis

All analyses were performed assuming independence between
time points and between groups as within patient correlation was
not available. Taking within-patient correlation into account and
assuming it to be positive, one would expect the true standard
deviation to be less than estimated below and, therefore, an even
higher significance of the mean differences given below. In order to
calculate a fixed-effects model overall treatment effect, we used a
weighted average of the studies’ reported treatment effects, where
the inverse of the squared standard errors of the treatment effect of
each study was used as weights. For this standard error, we used
the sum of the standard errors in each treatment group.

Due to a relatively small number of studies, only the results of
the random-effects models were considered for which the
Dersimonian-Laird method was used [2]. For the test on
heterogeneity, we compared the weighted sum of squares of the
treatment effects about the overall fixed effect estimate to a chi-
squared distribution of n-1 degrees of freedom, where n is the
number of studies. For this, we used the same weights as above.
Significance on a 5% level was interpreted as the presence of
heterogeneity between the studies, all confidence intervals (CI) are
95% confidence intervals. All CI and p-values are based on
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assuming a normal distribution. If a study reported results for year
1 and year 2 the only the results from year 1 were used. All analyses
were performed under R version 3.5.3 and the meta-package
version 4.9-7.

3. Results

3.1. Literature search results

Literature selection was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [24–27]. The literature searches on Pubmed and Embase
yielded a total of 77 citations. After removal of duplicates, the
remaining articles were screened in accordance with the defined
criteria, as shown in Fig. 1. We identified 5 studies in which the
patients were a subset of those in other studies or were the same
patients whose datawas reported at different time points. Therefore,
we did not include these publications. Of the 15 studies that met the
inclusion criteria, 3 used an assessment tool (Visual Analogue Scale
Foot and Ankle) that was unique to that study site [28,20,21].
Therefore, these were not included in the quantitative analysis.
Fig. 1. Literature selection according to the Preferred Reporting 
3.2. Demographics

The studies that were included in this analysis included a total
of 492 patients that had undergone an AMIC procedure. Among
these patients, 75% were male, although 2 studies did not report
the gender distribution of the patients. The mean age was 36 years,
with a range from 12 – 68. The follow-up times ranged from 12 to
60 months, with a mean of 33 months.

3.3. Methodological quality

The majority of the studies were case series, thus classified as
Level 4 studies, as based on the criteria for levels of evidence (LOE)
published by the Center for Evidence Based Medicine [29]. All
articles were assessed for their methodological quality according
to the modified Coleman Methodology Score (mCMS) [30,13]. Of
the studies included in the quantitative analysis, 9 were case series
with enrollment ranging from 17 to 60 patients. There were no
randomized controlled trials, but there were 5 prospective cohort
studies and one retro-prospective study. The information on the
studies is presented in Table 1.
Items for Systematic Reviews and Meta-Analyses (PRISMA).



Table 1
An overview of the studies included in this systematic review.

Study n LOE Type of Study mCMS Primary Outcomes

Valderrabano et al. 2013 [31] 26 4 Case series 59 AOFAS, MOCART
Wiewiorski et al. 2013 [32] 23 4 Case series 69 AOFAS, VAS, MOCART
Wiewiorski et al. 2016 [33] 60 4 Case series 65 Tegner, AOFAS, VAS
Thermann et al. 2014 [34] 32 3 Prospective cohort 55 HSS, VAS, MRI
Walther et al. 2013 [35] 20 4 Case series 58 AOFAS, FFI, MRI
Gottschalk et al. 2017 [19] 21 3 Prospective cohort 66 FFI
Kubosch et al. 2015 [36] 17 4 Case series 65 AOFAS, FFI, MOCART, VAS
D'Ambrosi et al. 2018 [37] 37 3 Retro-prospective 61 AOFAS, MRI, VAS
Baumfeld et al. 2018 [38] 17 4 Case series 42 AOFAS
Richter, et al. 2013 [28] 25 3 Prospective, consecutive 67 VAS-FA
Richter, et al. 2017&19 [20,21] 144 2b Prospective, consecutive 73 VAS-FA
D'Ambrosi et al. 2019 [39] 26 4 Case series 64 AOFAS, SF-12, MRI
Sadlik et al. 2019 [40] 24 3 Prospective cohort 76 AOFAS, MOCART, VAS
Usuelli et al. 2018 [41] 20 4 Case series 72 AOFAS, MOCART, VAS

LOE: Level of evidence [29], mCMS modified Coleman Methodology Score (mCMS) [30,13].
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Most studies (n = 9) used the American Orthopaedic Foot &
Ankle Society Score (AOFAS) to assess clinical outcomes, while the
Visual Analogue Scale for pain (VAS) was also common (7 studies).
The Foot Function Index (FFI), Hanover Scoring System (HSS),
Tegner Score and Activity Rating Scale (ARS) were much less
common. Imaging assessments consisted of Magnetic Resonance
Observation of Cartilage Repair Tissue (MOCART) in 5 studies while
3 studies performed a qualitative MRI assessment.

3.4. Detection of bias

In order to assess the risk of publication bias, we performed a
graphical assessment with a funnel plot, which showed no
graphical evidence of reporting bias (Fig. 2). In this, each point
represents the result of one study. The position of the points
outside the funnel indicate a variation between the studies
beyond what one would expect if all studies were based on the
same population (Baumfeld et al. 2018) [38]. In addition, this
indicated that the result from the random effect model was
preferred.

3.5. Clinical aspects of the different studies includeed

Although all patients have been treated with AMIC, there was a
variability between the surgical strategies. Details on the cohorts
including age, bone marrow stimulation technique (BME), lesion
size (LE), surgical technique (ST) and follow up are given in
Table 2.
Fig. 2. The funnel plot to depict bias for the
3.6. Meta-Analysis of Outcomes: 1–2 years

The results from the random effects model indicated a
significant change (p < 0.0001) in mean AOFAS between baseline
and year 1 or 2 of 31.59 (95% confidence interval (CI) of [27.12;
36.06]). As illustrated by the Forest plot in Fig. 3, this result is
notably affected by 1 study (Baumfeld et al. 2018). [38] When
compared to the other studies, this one reported a much higher
mean difference and a much smaller standard deviation. With
study R excluded, the difference between baseline and follow-up
score of 29.79 remained significant, with a confidence interval of
[26.68; 32.89], however, heterogeneity lost significance (p = 0.69).

For the pain VAS the random effect model shows reduction from
baseline to year 1 and 2 of -4.45 (CI [-5.20, -3.69]), which is highly
significant (p < 0.001, Fig. 4)

3.7. Meta-Analysis of Outcomes: 3–5 years

The mean difference in the AOFAS score between baseline and
follow-up at year 3�5 of 32.47 (CI [27.65; 37.30]) was highly
significant (p < 0.001). Fig. 5 shows the forest plot for this result.

Regarding pain VAS, both studies reported the same mean
difference between baseline and follow up of -4.60, which was
highly significant (p < 0.001) with a 95% confidence interval of
[-5.18; -4.02] (Fig. 6)

There was a significant difference (p < 0.001) in mean FFI score
from baseline to year 3�5, with a mean change of 30.93 with a 95%
CI of [22.85; 39.01] which is presented in Fig. 7.
 AOFAS and VAS scores at year 1 or 2.



Table 2
Epidemiology, technical and clinical details on the studies included.

Study n Age BME Lesion size Surgical
Technique

CR
/
RR

FU
(months)

Reported Outcome Remarks

Valderrabano
et al. 2013
[31]

26 33
(17�55)

MFX 1589 mm3 (378�7054) MO: 21
AT: 5

0/0 31
(24�54)

AOFAS: 89 (61�100) MOCART: 62
(20�95)

Previous OCL surgery: 14 CO: 15
LLR: 3. MLLR: 13, LLR: 1

Wiewiorski
et al. 2013
[32]

23 34
(17�55)

MFX 1490 mm3 (378�7054) NR NR/
NR

23
(11�49)

AOFAS: 91 (61�100) VAS: 1.3 (0�7)
MOCART: 63 (30�95)

Lesion lateral 4, Lesion medial 19

Wiewiorski
et al. 2016
[33]

60 35
(15�58)

MD >1 cm2 MO: 58
AT: 2

NR/
NR

47
(24�87)

Tegner: 3.4 SD 2.2 AOFAS: 76
(28-100) VAS: 2.3 (0�6)

Previous OCL surgery: 26 Lesion
medial: 46, Lesion lateral: 14
Smoker: 21, CO: 41 LLR: 8, MLLR:
28, MLR: 5

Thermann
et al. 2014
[34]

32 37
(15�69)

MFX >1 cm2 AS 0/1 12 HSS: 89 SD 7 VAS: 0.6 SD 1.0 No additional procedures; MRI: no
score

Walther et al.
2013 [35]

20 39
(19�60)

MD >2 cm2 AT: 15
MO: 5

0/1 > 36 AOFAS: 82 SD 13 FFI: 28 SD 21 MRI: no score

Gottschalk
et al. 2017
[19]

21 37
(15�62)

MD 1.4 cm2 (0.2�4.0) AT 0/0 60 FFI: 24 SD 21 Only arthrotomy without
osteotomy

Kubosch et al.
2015 [36]

17 39 (SD
15.7)

MFX 2.4 cm2 (SD 1.6) AT: 1 MO:
16

0/0 40
(12�78)

AOFAS: 83 SD 3.4 FFI: 34 SD 24
MOCART: 53 SD 16 VAS: 3.2 SD 2.4

Previous OCL surgery: 6 Defect size
> 3 cm2 had significantly lower
values in AOFAS score

D'Ambrosi
et al. 2018
[37]

37 34
(14�61)

MFX 1.4 cm2 (SD 0.7) AS 0/0 24 AOFAS: 88 SD 10 VAS: 1.8 SD 1.4 MRI: no score

Baumfeld
et al. 2018
[38]

17 38
(15�67)

MFX 1.16 cm2 AS 0/0 12
(8�20)

AOFAS: 90 (82�100) CO: 3, Lesion medial: 12

Richter, et al.
2013 [28]

25 33
(16�48)

MFX 1.1 cm2 (0.5�6.0) AT: 24
MO: 1

0/0 24 VAS-FA: 95 (73�100) MAST: Matrix associated stem cell
transplantation

Richter, et al.
2017&19
[20,21]

144 35
(12�68)

MFX 1.6 cm2 (0.6�6.0) AT 0/3 24 VAS-FA: 88 (62�100) MAST: Matrix associated stem cell
transplantation

D'Ambrosi
et al. 2019
[39]

26 33 (SD
11.0)

MFX 1.4 cm2 (SD 0.7) AS 0/0 43 (SD
11)

AOFAS: 87 SD 12 SF-12: 47 SD 8.1 Lesion medial: 20, Lesion lateral: 6,
MRI: no score

Sadlik et al.
2019 [40]

24 34 MO: 35
SD 13.3
AT: 33 SD
14.0

MD MO: 1.3 cm2 SD 0.56
988 mm3 SD 995 AT:
1.2 cm2 SD 0.35
768 mm3 SD 516

MO: 11
AT: 13

0/0 22 AT: AOFAS: 84 SD 15, MOCART: 71
SD 17 VAS: 2.0 SD 1.4 MO: AOFAS 81
SD 12 MOCART: 67 SD 18 VAS: 1.9
SD 1.0

No significant difference between
patient’s treated with and without
malleolar osteotomy.

Usuelli et al.
2018 [41]

20 36
(17�58)

MFX ASK: 1.11 cm2 SD 0.43
MRI/CT: 1.54 cm2 SD
0.93

AS 0/0 24 AOFAS: 87 SD 11 MOCART: 51 SD 25
VAS: 2.5 SD 2.2

Lesion size was measured
arthroscopically and with CT/MRI;
Lesion medial: 18, Lesion lateral: 1,
Lesion central: 1

BME: technique of bone marrow stimulation used. MFX: Microfracture. NFX: Nanofracture. MD: Microdrill. NR: Not reported, MO: Malleolar Osteotomy, AT: Arthrotomy
without osteotomy, AS: Arthroscopy. CR/RR: Complications/Revisions, FU: Follow up. Remarks: Additional information provided in the paper (CO: Number of patients with
additional calcaneal osteotomy. LLR: Number of patients with lateral ligament reconstruction, MLR: Number of patients with medial ligament reconstruction, MLLR: Number
of patients with mediolateral ligament reconstruction).

Fig. 3. The Forest plots for the change in AOFAS scores compared to baseline.
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Fig. 4. Forest plots for the change in VAS for pain compared to baseline.

Fig. 5. Forest plot for AOFAS scores at 3 to 5 years.

Fig. 6. Forest plot for VAS scores at 3 to 5 years.

Fig. 7. Forest plot for FFI scores at 3 to 5 years.
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3.8. Complications

Intraoperative complications have been not reported. Among
the 15 studies (involving 492 patients) 4 studies, revision surgeries
have been reported for a total of 6 patients (Table 3). The reported
revision surgeries have been indicated due to persistent pain
caused by mechanical problems in the joint (arthrofibrosis,
hypertrophic scare tissue) or because a of progression degenera-
tive arthritis.

4. Discussion

The results in our literature search returned 15 studies that
involved 492 patients, while the studies that were used in the
meta-analysis were 12 studies with a total of 323 patients. The
random-effects models have shown that there is a significant
improvement in patient outcomes, whether at the 1�2 year the
3�5 year follow-up. Regarding safety, there were only 6 patients
who required a subsequent surgery within 5 years after the initial
procedure. Therefore, this body of clinical evidence supports the
use of the AMIC procedure in the treatment of OCL. There were no
reported adverse events or complications directly related to the
AMIC procedure, while the 6 revision surgeries correspond to 1% of
the treated patients. Importantly, no patients required conversion
to ankle fusion or arthroplasty.

A statistically significant improvement of the clinical outcome
measures was observed among all individual studies through the
meta-analysis and reflected the immediate improvement of pain



Table 3
The list of adverse events and complications among the studies.

n Complications Time after index procedure

Thermann, et al. 2014 [34] 1 arthroscopic arthrolysis 9 months
Richter, et al. 2019 [21] 3 A 2nd joint preserving ankle surgery including another MAST procedure. 36 months 39 months 48 months
Walther et al. 2013 [35] 1 Arthroscopic debridement of hypertrophic tissue NR
D'Ambrosi, et al. 2018 [37] 1 Anterior osteophyte due to hypertrophic proliferation that

caused impingement necessitated
repeat arthroscopy for osteophyte removal and debridement.

8 months
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and functional outcomes among the studies. Furthermore, this
improvement was stable over the length of follow-up since no
study reported evidence of deterioration, and longer-term studies
confirmed the stability of pain and function scoring at 5 years
[19,21] as well as the patients’ returning to sports activities [33,39].
The longer follow-up that was conducted in 3 of the studies in our
meta-analysis is reflective of what has been published for the hip
after 8 years follow-up [11] and for 7 years follow-up following
AMIC in the knee [42].

In addition to the results that had been used in the random-
effects model, there were studies that had not been included owing
to their use of a unique patient-reported outcome measure.
Specifically, Richter, et al. (2013, 2017, 2019) had used the Visual
Analogue Scale Foot and Ankle (VAS-FA) as a means of assessing
the patients’ outcomes. This instrument had been developed as a
simpler means of assessing patent reported outcomes, and had
been validated using the SF-36 and Hannover Questionnaire as
bases of comparison. [43] The authors who had developed the
VAS-FA first reported outcomes in a cohort of 25 patients in a
prospective, consecutive, non-controlled clinical follow-up study,
with 2 years of follow-up, in which it was reported that a pre-
operative score of 49.2 had improved to 94.5 [28]. A significantly
larger prospective cohort demonstrated that the VAS-FA improved
from 48.5–87.5 [20]. Importantly, these positive outcomes were
maintained at 5 years of follow-up, with a mean VAS-FA of 84.4
[21]. With such limited use of this specific outcomes instrument, it
can be difficult to draw direct comparisons to other studies, and
there is no definition of what constitutes a minimal, clinically
important difference. However, it seems that the magnitude of the
changes from pre-operative VAS-FA indicate that the patients had
experienced positive outcomes and that these improvements were
maintained over the duration of the follow-up.

We also analyzed the different clinical and technical aspects of
the studies which might influence the outcome. Arthroscopic
technique might have a positive effect on the outcome. The AOFAS
Score reported for arthroscopically treated patients ranges from 87
to 90 points, which does not differ from the outcome obtained
from patients treated with open surgery (Fig. 3). The lowest AOFAS
Score reported was found in a paper by Wiewiorski [33]. The rate of
medial malleolar osteotomies was 97%. This was the highest
percentage of malleolar osteotomies within the studies included.
However, Sadlik et al. [40] could not find a significant difference in
patients treated with or without medial malleolar osteotomy,
although the average scores have been less favorable after
osteotomies. The average age was not different between the two
studies, but there is no lesion size reported by Wiewiorski [33]. So
far there is no evidence, that an arthroscopic approach is related to
better results, the effect of the medial malleolar osteotomy seems
still unclear.

It should be noted here that the basis for the procedure in our
meta-analysis is the development of BMS, which dates to the 1980s
[44]. The basis of the therapeutic effect of BMS is that it induces an
influx of marrow substrates, for example, mesenchymal stromal
cells and growth factors, to repopulate the cartilage defect by
removing subchondral bone and thus exposing cancellous bone
[45].

Currently three techniques for BMS are used in the talus. Those
include microfracture (MFX) as published by Steadman et al. [44],
In order to provide deeper subchondral access with smaller
diameters, nanofracture (NF) method has been proposed [46]. By
this technique, main mechanical limitations of the microfracture
method could be eliminated, like the destruction of the
subchondral bone plate. Another modification of BMS is micro-
drilling (MD) to have less damage to the subchondral bone plate
and in combination with deeper holes to release more stem cells.
Chen et al. [47] compared microfracture and microdrilling and
found distinct differences between microfracture and drilling for
acute subchondral bone structure and osteocyte necrosis.

The technique of BMS is also a possible factor which might
affect the outcome. Analyzing the papers included, most authors
report “microfracture” in the method section, although their
intraoperative pictures look more like MD rather than MFX.
However, this is in accordance to literature, where MD is classified
as a subtype of MFX. So far no consensus regarding a standardized
application (e.g. diameter and depth of perforations, pattern, and
spacing) of microfracture has been reported. There is also no unity
on the devices used to perform microfracture (drill, chondropick,
manual or mechanical application) [46]. One example for the
unclear definition is the paper of Richter et al. [28]. They reported
“microfracture with a 1.6 mm K-wire” which can be classified as
microdrilling. The intraoperative pictures confirm multiple drill
holes. The inconsistent definition makes it impossible to correlate
any results to the BMS technique reported.

While BMS is not an exact replacement for the hyaline cartilage
of a healthy synovial joint, it is likely superior to the exposed bone
and abnormal joint congruency that resulted from the initial
osteochondral lesion. Various membranes and scaffolds have been
developed to provide mechanical protection and contain biological
factors, resulting from the BMS, within the treated site. Addition-
ally, if a graft is used to fill subchondral bone, a membrane helps to
stabilize the graft. [48] The therapeutic concept is that subsequent
to BMS a scaffold can maintain, within the treated site, the cells
involved in the healing process. This may be considered specula-
tive, but the concept is supported by preclinical data [49].
Additionally, scaffolds may also reduce shearing forces at the
treatment site, thus allowing a more suitable environment for
healing [50,51].

While the results of our meta-analysis are focused on
osteochondral lesions in the talus, there is a substantial body of
evidence related to the use of a collagen membrane in the knee and
the hip. A recent meta-analysis, which included 12 studies (375
patients), had also noted significant improvement in clinical
outcome scores when compared to baseline [51]. Similar to our
results, the majority of those studies were case series, with only 1
prospective, randomized, controlled trial (PRCT). In contrast, the
average mCMS score was 84 (as opposed to our average of 64),
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mainly due to a number of those case series being prospective.
Nevertheless, there is consistency between our outcomes and
those reported by Steinwachs et al. (2019) [51].

One of the drawbacks of our meta-analysis is that the modified
mCMS for the studies that we included indicated a suboptimal
design in the majority of the recently published papers, especially
regarding study size, type of study, and description of the subject
selection process [52]. This is not unique for AMIC studies but
applies to many publications on the treatment of OCL [53]. One
factor that lowered the mCMS was the high number of associated
procedures, but this is inherent to the treatment plan, where
patients will often present with a subchondral bone lesion,
malalignment or ligamentous lesions. Although these additional
procedures may impact the methodology of the study, they are
part of the standard treatment algorithms, which aim to
simultaneously correct any underlying pathology, particularly
ligamentous deficiencies or malalignment. Also, an additional
bone grafting procedure must treat the presence of the bone lesion
below the OCL. Despite being the standard of care, this is
considered an additional procedure and it impacted the mCMS
by 10 points in 7 of these studies. These procedures represent the
first line of real-life treatment for all joints and can be avoided only
in specific clinical studies that may exclude patients for whom an
additional procedure is needed. That exclusion criterion could in
itself introduce a patient selection bias when compared to the real-
world standard of care.

A notable advantage of a meta-analysis is that several different
investigators initiated the studies, therefore modulating the risk of
a center-induced bias. Similarly, these results could be compared to
a systematic review of the outcomes of OCL, where a review of
treatment options reported a low level of evidence of most studies,
with the authors unable to detect a significant difference between
outcomes and the specific surgical treatment [12].

Lambers et al. analyzed 21 studies with a total of 299
patients, covering 11 different treatment strategies [17]. They
found, that besides an expected difference in outcome between
the autograft transfer procedure and the more extensive
procedures of mosaicplasty and the use of an allograft, neither
a clear nor a significant difference between treatment options
could be demonstrated. Two studies for AMIC have been
included with a total of 20 patients [31,36]. In this meta-
analysis clinical success was defined AOFAS score 80 and above
[54]. Clinical aspects like approach and lesion size have not been
discussed, studies with a follow up of more than 6 months have
been included.

Another recent systematic review, based on 25 studies (1868
ankles), suggested that the lesion size significantly correlated with
clinical outcomes [13]. Therefore, those authors proposed that BMS
as a sole treatment should be limited to osteochondral lesions less
than 1 cm2, which is lower than the previous threshold of 1.5 cm2

[14]. Other data has noted that OCL > 1.5cm2 were associated with
poorer outcomes scores after BMS [15]. In contrast, several studies
concerning AMIC have focused on lesions >1 cm2 [36,20,55,38].
Kubosch et al. [36] reported an average lesion size of 2.4 cm2. The
results reported by her group did not differ from the once, reported
on cohorts with smaller lesion [33].

Relative to the lesion size and the use of a scaffold, such as the
collagen I/III membrane used in the research we have analyzed, the
AMIC technique is consistent with the recommendations that had
been formulated by the International Consensus Group on
Cartilage Repair of the Ankle [56], as well as with the
recommendations of the Working Group for Clinical Tissue
Regeneration of German Society of Orthopedics and Traumatology
(DGOU) [8]. The experts in this groups established a high level of
consensus for the addition of a scaffold to BMS in the following
cases: 1) primary and revision cases with lesions >1 cm2, 2) cases
in which a one-step procedure is performed, and 3) in cases where
bone grafting may be needed. Our results further strengthen this
consensus of expert opinion, as it allows larger lesions to be treated
in a one-stage procedure.

Our meta-analysis addressed a treatment population without
selection criteria, such as are seen in a prospective clinical study,
and the results suggest that AMIC can maintain the initial
improvement for 5 years. The treatment with AMIC has the
potential to postpone the need for subsequent surgical treatment,
for example arthroplasty, for several years. However, there are
limitations to the data. As was stated, most of the studies are Level
4, with only 3 publications (2 studies) presenting data from a
prospective study, and these were only single-arm studies. This is
consistent with the general status of the published level of
evidence, where it has already been noted that there is a paucity of
Level-1 studies in the peer-reviewed literature. Therefore, a well-
designed PRCT can further inform clinicians about interventions
that may optimize their patients’ outcomes.

5. Conclusion

The systematic analysis of 15 studies, representing 492 patients
in a non-selected population supports the use of AMIC. There is
evidence that the AMIC procedure for osteochondral lesions of the
talus provides significant improvement in patient outcome scores,
compared to the preoperative values, up to 5 years post-
operatively. Clinical experience suggests that there are factors
like lesion size, surgical and BMS technique, as well as the
consequent management of associated lesions which might affect
outcome. Based on the evidence available today, it is still
impossible to weight those factors.
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