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Abstract: Background: The management of a focal osteochondral lesion of the talus (OLT) is
challenging. Evidence concerning the role of the autologous matrix-induced chondrogenesis (AMIC)
procedure in patients with focal OLT is promising. The purpose of the present study was to investigate
clinical outcomes and radiographic findings of the AMIC technique for focal unipolar OLT. Material
and Methods: The present study was performed according to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines. Twenty-four patients who underwent
AMIC for focal OLT were prospectively recruited at our institution. All the surgeries were performed
by two experienced surgeons through malleolar osteotomy and autologous cancellous bone grafting.
The outcomes of interest were the American orthopedic foot and ankle score (AOFAS), the foot-function
index (FFI), and the magnetic resonance observation of cartilage repair tissue (MOCART). Surgical
duration, hospitalization length, and complications were also collected. Results: 24 patients were
included in the present study. The mean follow-up was 25.17 ± 13.1 months. The mean age of the
patients at surgery was 46.75 ± 15.2 years, the mean BMI 26.92 ± 5.7 kg/m2, and 50% (12 of 24) of
patients were female. The right ankle was involved in 62.5% (15 of 24) of patients. The mean defect
size was 6.95 ± 2.9 mm2. The mean surgical duration was 112 ± 20 min while the mean hospitalization
5.58 ± 1.7 days. At last follow-up, the AOFAS increased by 27.8 points (p < 0.0001), while the FFI
reduced by 25.3 points (p < 0.0001) and the MOCART score increased by 28.33 points (p < 0.0001).
No complications were observed. Conclusion: The AMIC procedure for focal osteochondral defects
of the talar shoulder is feasible and reliable at midterm follow-up.
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1. Introduction

Osteochondral lesions of the talus (OLT) are circumscribed defects of the articular layer and its
underlying subchondral bone. Their etiology remains not fully understood, although an association
with post-traumatic instability of the ankle has been demonstrated [1]. Other etiological factors, such as
genetic, metabolic, ischemic, endocrine, and vascular, have been described [2–4]. Symptoms of OLT
are unpredictable: it can be incidentally diagnosed in asymptomatic patients or can cause severe pain
and limitation of daily activities [5].

Given the limited cartilage intrinsic repair ability, these patients are challenging to treat [6,7].
Conservative therapies demonstrated limited efficacy [8,9]. Therefore, a surgical approach is
usually recommended for OLT [10–12]. Autologous matrix-induced chondrogenesis (AMIC) is
a single-stage surgical procedure that exploits the potential of bone-marrow-derived mesenchymal
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stem cells [13,14]. AMIC consists in curettage and debridement of non-viable surrounding tissue
followed by microfractures of the subchondral bone. The defect is afterwards covered using a
collagen I/III membrane. Current literature lacks prospective trials analyzing AMIC for focal OLT at
midterm follow-up.

The purpose of the present study was to assess clinical outcomes and radiographic findings of
AMIC for the management of focal OLT. A multivariate analysis was conducted to evaluate potential
prognostic factors. We hypothesized that AMIC yields reliable results with a low rate of complications
at 24-months follow-up.

2. Material and Methods

2.1. Study Design

The present study was performed according to the Strengthening the Reporting of Observational
Studies in Epidemiology, the STROBE statement [15]. All procedures reported in the present
investigation were approved by the Ethics Committee of the Medical Faculty of the Ruhr University of
Bochum, Germany (EK 2017-164). This study was conducted according to the principles expressed in
the Declaration of Helsinki. All patients were able to understand the nature of their treatment and
provided written consent to use their clinical and imaging data for research purposes.

2.2. Eligibility Criteria

Data from patients that underwent AMIC for focal osteochondral defects of the talar shoulder
were collected in a prospective fashion. Patients were recruited at the Auguste Viktoria Clinic in
Bad Oeynhausen, Germany, in the period 2013 to 2017. The inclusion criteria were: (1) symptomatic
chronic ankle pain, (2) previous failed conservative treatments, (3) evidence of osteochondral
defect of the talar shoulder on MR, (4) focal defect, (5) traumatic onset, (6) intact surrounding
cartilage, (7) lesion > 1.0 mm2, and (8) patients aged 18 to 55 years. The exclusion criteria were:
(1) metabolic arthropathies, (2) kissing lesions, (3) large non-reconstructable defects, (4) uncorrectable
axial misalignments, (5) chronic inflammatory systemic disease, (6) body mass index, BMI > 30 Kg/m2,
and (7) bilateral ailments.

2.3. Surgical Technique

All the surgeries were performed in the same fashion by two experienced surgeons (CG and CN)
according to a previous report [16]. Briefly, lesions were approached through a malleolar osteotomy.
The line of osteotomy was performed at the junction of the plafond to obtain adequate exposure of the
lesion. After identification of the OLT, this was debrided of the non-viable surrounding bone tissue.
The remaining defect was filled with autologous cancellous bone graft harvested from the osteotomy
site or from the homolateral iliac crest. Debridement and curettage of the non-viable border of the
chondral tissue surrounding the lesion was then performed until viable shoulder cartilage was reached.
An aluminum template is then used to size the defect. A type I/III collagen membrane (Chondro-Gide®,
Geistlich Pharma AG, Wolhusen, Switzerland) was trimmed according to the aluminum template
to be slightly undersized in relation to the defect to avoid displacement and hydrated in a saline
solution. Microfractures of 4 mm depth were performed into the defect using 1.2 or 1.4 mm K-wire
under constant irrigation to avoid thermal necrosis. The membrane was placed into the lesion and
secured with fibrin glue. The stable position of the membrane was checked by flexing and extending
the ankle. Osteotomy was fixed with two malleolar screws that were inserted though predrilled holes
and the wound sutured. Non-weightbearing for the first six weeks in a vacopedis boots was required.
A passive range of motion exercises were started two days after surgery, after the first change of
dressing, starting with a maximal range of motion of 20◦ and manual lymphatic drainage massage took
place for at least six weeks. Afterwards, an intensive rehabilitation program started, with increasing



Life 2020, 10, 328 3 of 9

weight-loading to full weight-bearing as tolerated and strengthening of the lower leg muscles and
ankle joint stability by proprioception training.

2.4. Outcomes of Interest

On admission, the following data were recorded: age, gender, side, size of defect, BMI, and duration
of symptoms. An MR scan was conducted to assess the magnetic resonance observation of cartilage
repair tissue (MOCART) [17]. Further, the foot-function index (FFI) [18], and the subscale hindfoot of the
American Orthopedic Foot and Ankle Score (AOFAS) [19] were administered. These aforementioned
scores were administered preoperatively and at last follow-up. Surgical duration and length of the
hospital stay were recorded, as were complications.

2.5. Statistical Analysis

All statistical analyses were performed by one author (FM) who had not been involved with the
clinical management of the patients using the software STATA/MP 14.1 (StataCorp, College Station,
TX, USA). Mean difference (MD) effect measure was adopted for continuous variable. The unpaired t-test
was used to assess significance, with p values < 0.05 considered statistically significant. A multivariate
analysis was performed to assess associations between data at baseline (age, gender, side, size of defect,
BMI, duration of symptoms, surgical duration, hospitalization length, MOCART, AOFAS, and FFI) and
these data at last follow-up (MOCART, AOFAS, and FFI). A multiple linear model regression analysis
through the Pearson product-moment correlation coefficient (r) was used. The Cauchy-Schwarz
formula was used for inequality: +1 was considered as positive linear correlation, while −1 was
considered a negative one. Values of 0.1 < |r| < 0.3, 0.3 < |r| < 0.5, and |r| > 0.5 were considered to have
weak, moderate, and strong correlation, respectively. The overall significance was performed through
the χ2 test, with values of p < 0.05 considered statistically significant.

3. Results

3.1. Recruitment Process

A total of 65 patients with OLT underwent AMIC during the study period. Fifteen patients were not
eligible-kissing lesions (3), large non-reconstructable defects (3), uncorrectable axial misalignments (1),
chronic inflammatory systemic disease (2), BMI > 30 Kg/m2 (2), and bilateral ailments (1). A total of
50 patients underwent the index procedure. Patients did not take part in the study because of the
following reasons: change of residence (N = 4), died (N = 2), did not wish to participate in the study
(N = 20). Finally, 24 patients were included in the present study. The diagram of the recruitment
process is shown in Figure 1.
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Figure 1. Diagram of the recruitment process.

3.2. Patient Demographics

The mean follow-up was 25.17 ± 13.1 months. The mean duration of symptoms before the surgical
intervention was 24.77 ± 32.1 months. The mean age of the patients at surgery was 46.75 ± 15.2 years
and the mean BMI was 26.92 ± 5.7 kg/m2. Fifty percent (12 of 24) of patients were female. The right
ankle was involved in 62.5% (15 of 24) of patients. The mean defect size was 6.95 ± 2.9 mm2.
Study demographics are shown in Table 1.

Table 1. Demographic data of the patients on admission.

Endpoint Value at Baseline

Number of procedures 24
Mean age 46.8 ± 14.8

Female gender 50% (12/24)
Right side 62.5% (15/24)
Mean BMI 26.92 ± 5.7

Mean defect size (mm2) 6.95 ± 2.9
Mean duration of prior symptoms (months) 24.77 ± 32.1

Mean length of follow up (months) 25.17 ± 13.1

3.3. Outcomes of Interest

The mean surgical duration was 112 ± 20 min while the mean hospitalization length was
5.58 ± 1.7 days. At last follow-up, the AOFAS increased by 27.8 points (p < 0.0001), while the FFI
reduced of 25.3 points (p < 0.0001). The MOCART score was conducted on 23 patients and increased
by 28.33 points (p < 0.0001). No complications were observed. The multivariate analysis evidenced
any statistically significant correlation between data at baseline (age, gender, side, size of defect, BMI,
duration of symptoms, surgical duration, hospitalization length, MOCART, AOFAS and FFI) and these
at last follow-up (MOCART, AOFAS and FFI). The results of MOCART, AOFAS and FFI are shown in
detail in Table 2.
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Table 2. Results of American orthopedic foot and ankle score (AOFAS) and foot-function index (FFI) at
last follow-up.

Endpoint Pre-OP Post-OP MD p

MOCART 39.29 ± 19.4 67.62 ± 19.7 28.33 <0.0001
AOFAS 61.83 ± 15.6 80.58 ± 15.8 19.28 <0.0001

FFI 47.8 ± 19.4 22.5 ± 21.6 −25.3 <0.0001

4. Discussion

According to the main results of the present study, AMIC for focal osteochondral defect of the
talar shoulder demonstrated significant improvement in MOCART, AOFAS, and FFI at approximately
two-years follow-up. No association was evidenced between patient demographic, defect size, clinical
score at baseline, hospitalization, or surgical duration with the AOFAS, FFI or MOCART scores at last
follow-up. No complications were observed.

A previous report on the AMIC procedure using I/III collagen membrane through malleolar
osteotomy reported comparable results [20–23]. The AMIC procedure is also commonly performed
for knee chondral defect. Valderrabano et al. [22] in 2013 first performed AMIC on the ankles of
26 patients, without reporting complications over a minimum of 24 months follow-up. Gottschalk
et al. [21] conducted a five-year prospective cohort study on 21 patients undergoing AMIC. They found
that the greatest improvement of the FFI score was evidenced within the first year, while minimal
improvements were noticeable between 2 to 5 years post-operatively. Weigelt et al. [23] performed
a retrospective study over 33 patients. They demonstrated a positive trend of the AOFAS and the
visual analogic scale (VAS) until the fifth post-operative year, while afterwards these scores did not
further increase. Further studies with longer follow-up are required to clarify the long-term outcomes
of AMIC.

Although several surgical approaches have been addressed to treat OLT, there is still no consensus
on the best treatment choice [24]. Autologous chondrocyte implantation (ACI), osteochondral autograft
transfer (OAT, mosaicplasty), and bulk osteochondral allograft transplantation have been addressed to
OLT [25–27] as well innovative techniques that exploit the potential of innovative cell therapies [2].
However, these procedures sacrifice the non-weightbearing healthy cartilage, require multiple surgical
interventions, and given the autologous nature of the graft, availability is limited. Furthermore, they
are not readily available in many countries because of juridical issues, and given the high costs of
these procedures, are often only partially covered by health insurance [28,29]. AMIC is performed
in a single surgical session and does not require donor site or tissue or cell transplantation, reducing
surgical time and morbidity. Moreover, compared to other procedures (e.g., ACI) with in vitro-cultured
chondrocytes, the use of the membrane results in significantly-lower selling. AMIC can be performed
using an arthroscopic or open technique [30,31], whereas a malleolar osteotomy usually results in
optimal exposure of the talar dome and may expose patients to bony complications [32]. Malleolar
osteotomy is recommended when required for adequate access to the lesion, otherwise arthroscopic
or mini-open arthrotomy is recommended [22]. Recently, Galla et al. [20] published their case series
of AMIC without malleolar osteotomy. At a mean of 30 months follow-up, they reported significant
decrease of VAS and FFI. One patient had a transient postoperative irritation of the deep peroneal nerve
and another patient had painful arthrofibrosis and underwent revision. A further patient complained
of persistent pain requiring revision.

Over the past few decades, biomedical research has focused on restoration of articular surface using
scaffold implantations for the management of OLT [33–37]. ChondroGide was the first-used membrane
for AMIC and still remains the most popular [38]. Chondro-Gide is allogenic porcine collagen I/III
membrane that has been approved by the European community for cartilage reconstruction. However,
ChondroGide scaffold cannot balance chondrogenesis and osteogenesis simultaneously [39]. Recently,
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Albano et al. [40] used a cell-free biomimetic scaffold with different layers that mimic the structures of
osteochondral tissues, reporting a 31% (5 of 16 patients) failure at 30 months follow-up.

The MOCART score is commonly used to evaluate AMIC in patients with OCL. We were unable to
find any association between data at baseline and MOCART at last follow-up. The correlation between
MOCART score and the clinical and functional outcomes remains controversial [41–43]. The MOCART
score was originally designed to assess knee chondral defect, where the cartilage layer is thicker and
joint space is larger than in talus. Delayed gadolinium-enhanced MRI, as well as T1 rho imaging,
T2 mapping, diffusion-weighted imaging, and diffusion tensor imaging, may be more appropriate to
assess cartilage status [44–48].

This study has certainly limitations. First, the small number of patients included. Two patients were
secondary and tertiary referrals to the main author. Given the lack of previous documentation, it was
not possible to clearly state the nature of the previous treatments. Moreover, we cannot be sure whether
all the patients reported all the treatments which they were subjected to before deciding to undergo
surgery. In this respect, therefore, the results are not fully generalizable. The unblinded design of the
study and the lack of control group are further limitations. A randomized controlled trial comparing
two or more techniques could be planned to demonstrate which one offers superior outcomes. We are
aware that the high rate of patients lost during the follow-up biased our results. The hospital, in which
operations were performed, is a well-known center for orthopedic surgery, attracting patients from
distant areas. As a result, many patients did not agree to take a long trip to undergo an MRI for research
purposes. The effect of smoking in musculoskeletal medicine has been associated with increased
joint disease activity, poor functional outcomes, and poor therapeutic response [49]. The present
study did not evaluate the effect of tobacco consumption on the surgical outcome, thus representing
a limitation. The role of tobacco consumption is controversial. Galla et al. [20] evidence a negative
association between tobacco and surgical outcome, while Wiewiorski et al. [31] showed no difference
between smokers and non-smokers. All these limitations considerably affect the reliability of our
results; therefore, data must be interpreted with caution. Future studies should implement these
limitations performing high-quality analysis on a larger population.

5. Conclusions

AMIC for focal chondral defect of the talar shoulder demonstrated clinically-relevant improvement
in MOCART, AOFAS, and FFI at approximately two-years follow-up. No association was evidenced
between patient demographic, defect size, clinical score at baseline, hospitalization or surgical duration
with the AOFAS, FFI or MOCART scores at last follow-up. No complications were observed.
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