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Article

Introduction

Osteochondral lesions of the talus (OLTs) may be caused  
by trauma, ankle instability, or osteochondritis dissecans 
(OD).12,43,44 Although nonoperative management of these 
lesions can result in favorable outcomes in selected patients,42 
operative treatment often becomes necessary because of the 
poor regeneration potential of human hyaline cartilage.37 In 
addition to cartilage surgery, associated pathoanatomic mor-
phologies are known causes for cartilage lesions and thus 
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Abstract
Background: Autologous matrix-induced chondrogenesis (AMIC) for the treatment of osteochondral lesions of the talus 
(OLT) results in favorable clinical outcomes, yet high reoperation rates. The aim of this study was to report and analyze 
typical complications and their risk factors after AMIC for OLT.
Methods: A total of 127 consecutive patients with 130 AMIC procedures for OLT were retrospectively assessed. All 
AMIC procedures were performed in an open fashion with 106 (81.5%) cases requiring a malleolar osteotomy (OT) to 
access the OLT. Seventy-one patients (54.6%) underwent subsequent surgery. These cases were evaluated at a mean 
follow-up of 3.1 years (±2.5) for complications reviewing postoperative imaging and intraoperative findings during revision 
surgery. Six patients (8.5%) were lost to follow-up. Regression model analysis was conducted to identify factors that were 
associated with AMIC-related complications.
Results: Among the 65 (50%) patients who required revision surgery, 18 patients (28%) demonstrated AMIC-related 
complications with deep fissuring (83%) and thinning (17%) of the AMIC graft. Conversely, 47 patients (72%) underwent 
subsequent surgery due to AMIC-unrelated reasons including isolated removal of symptomatic hardware (n = 17) and 
surgery addressing concomitant pathologies with (n = 25) and without hardware removal (n = 5). Previous prior cartilage 
repair surgery was significantly associated with AMIC graft-associated complications in patients undergoing revision surgery 
(P = .0023). Among age, body mass index, defect size, smoking, and bone grafting, smoking was the only factor showing 
statistical significance with an odds ratio of 3.7 (95% CI 1.24, 10.9; P = .019) to undergo revision surgery due to graft-related 
complications, when adjusted for previous cartilage repair surgery.
Conclusion: The majority of revision surgeries after AMIC for OLT are unrelated to the performed AMIC graft but 
frequently address symptomatic hardware and concomitant pathologies. Both smoking and previous cartilage repair 
surgery seem to significantly increase the risk of undergoing revision surgery due to AMIC-related complications.

Level of evidence: Level IV, case series.
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have to be addressed during treatment.1 To address the OLT, 
various treatment options exist including simple debridement 
with or without microfracturing,13 osteochondral autograft 
transfer,19 osteochondral allograft transplantation,31 autolo-
gous chondrocyte implantation (ACI),3 and autologous 
matrix-induced chondrogenesis (AMIC).7

The latter combines bone marrow stimulation of micro-
fracturing and the augmentation of a collagen type I/III 
bilayer membrane to contain the subchondral bleeding and 
provide a matrix for repair tissue maturation.18 This tech-
nique has several benefits over other cartilage restoration 
methods as it is a single-step procedure without the risk of 
donor site morbidity, which makes it advantageous to ACI or 
osteochondral allograft transplantation, showing improved 
outcomes compared to microfracture, especially in larger 
lesions.17,25,28 Reported mid- to long-term results after AMIC 
for OLT are favorable, yet with reoperation rates ranging 
from 5% to 58%, with the majority undergoing symptomatic 
hardware removal after malleolar osteotomy.2,4,10,16,24,27,41 
However, a systematic analyzation of complications after 
AMIC for the treatment of OLT, particularly distinguishing 
between AMIC graft-related and unrelated complications, is 
still missing.

The purpose of this study, therefore, was to report and 
analyze typical complications and their risk factors after 
AMIC for OLT. It was hypothesized that patient- and lesion-
specific factors lead to an increased rate of complications 
and subsequent surgery.

Materials and Methods

Ethical approval was granted by the local research ethics 
committee and all patients included in this study gave their 
informed consent.

Data are regularly collected and stored for patients 
undergoing elective surgery at our institution. A total of 
127 patients (130 ankles) who underwent cartilage repair 
with AMIC for isolated OLT between 2008 and 2018 were 
identified. The treatment with AMIC was indicated in 
patients with symptomatic focal full-thickness chondral or 
osteochondral defects of the talus and failed conservative 
management, which was initiated for a minimum of 
3-6 months (Figure 1). Contraindications comprised 
inflammatory arthritis, advanced osteoarthritis, and infec-
tion. A total of 71 patients (54%) undergoing subsequent 
surgery were identified. Three of them refused to partici-
pate in the study and 3 could not be contacted and, hence, 
were excluded from the study (loss to follow-up, 8.5%). 
The remaining 65 patients were included in the study and 
evaluated for patient factors, lesion morphology and loca-
tion, details of complication, follow-up imaging, and 
intraoperative findings during revision and treatment 
(Figure 2). Radiographic and macroscopic graft morphol-
ogy during revision surgery was analyzed and evaluated.

Clinical and Radiographic Assessment

Clinical notes, operative reports, and available radiographic 
imaging were reviewed to determine patient’s age at the 
time of surgery, sex, body mass index (BMI), smoking sta-
tus, defect size, lesion location, autologous bone grafting, 
complications, and reoperations. Radiographic analysis was 
based on magnetic resonance imaging or Arthro-CT for pre-
operative defect size, and the diameter of the lesion was 
measured at the largest point in the coronal and sagittal 
planes. Magnetic resonance imaging included T1-weighted 
sequence and fat-suppressed T2-weighted images. The 
lesion area was calculated by use of the elliptical area 

Figure 1.  (A, B) Preoperative coronal and sagittal T2- and T1-weighted magnetic resonance image of the ankle of a 38-year-old 
female patient showing a large OLT on the medial talar dome. (C) Intraoperative view after medial malleolar osteotomy with a defect 
with intact border of cartilage suitable for autologous matrix-induced chondrogenesis (AMIC) technique.
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formula (sagittal length × coronal length × 0.79) as 
described by Choi et al.9

Surgical Technique

All AMIC procedures were performed in an open fashion. A 
malleolar osteotomy was necessary in 106 ankles (81.5%) 
through a medial (n = 94), lateral (n = 12), or bilateral (n = 1) 
approach. In the remaining ankles an anteromedial (n = 13) 
or anterolateral (n = 10) approach without the need for oste-
otomy was used.

After identifying the OLT, the defect was carefully 
debrided followed by creating a defect with vertical walls. 
Loose and fragmented necrotic/cystic bone was excised 
until vital and stabile bone tissue was visible. Then, micro-
fracturing of the bone was achieved by drilling with an 
awl or K-wire (1.2-mm-diameter; DePuy Synthes, 
Oberdorf, Switzerland). In case of a large bony defect, the 
joint surface of the talus was reconstructed with autolo-
gous spongiosa graft from the ipsilateral distal tibia 
(n = 74), proximal tibia ( = 4), calcaneus (n = 4), or distal 
fibula (n = 1). Allograft (Tutoplast; Novomedics GmbH, 

Figure 2.  Flowchart of study participants.

Zurich, Switzerland) was used in 3 cases. Thereafter, the 
bilayer type I/III collagen matrix (Chondro-Gide; Geistlich 
Pharma AG, Wolhusen, Switzerland) was cut to fit the 
defect and laid on the lesion. After complete coverage of 
the defect, surgical fibrin glue was applied to secure the 
membrane to the adjacent cartilage (Tissucol Duo S; 
Baxter International Inc, Deerfield, IL) (Figure 3). To 
ensure stable membrane fixation, the ankle was brought 
through full range of motion. Concomitant corrective sur-
gery for deformity or instability was performed as indi-
cated. The malleolar osteotomy was fixed with two 3.5-cm 
titanium screws (medial) or compression plating (lateral).

Postoperative Rehabilitation

Postoperative passive range of motion exercises were initi-
ated after the first change of dressing. Nonweightbearing 
for 6 weeks was prescribed, followed by progression to 
weightbearing after a clinical and radiologic follow-up in 
the outpatient clinic 6 weeks after surgery. Low-impact 
sports were allowed 12 weeks and contact sports 6 month 
postoperatively.
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Definition of AMIC-Related Complication 
Undergoing Revision

Patients who presented with persistent ankle pain localized 
over the cartilage repair without any other plausible cause 
of symptoms in combination with radiologic or intraopera-
tive signs of graft anomalies or insufficiency.

Statistical Analysis

Sociodemographic and clinical characteristics of patients 
were determined using descriptive statistics. Data are pre-
sented as mean ± SD. Chi-square test and bi- and multivari-
ate regression analyses were performed to assess associations 
between patient- and lesion-specific factors and revision sur-
gery due to AMIC-related complications. Presented odds 
ratios (ORs) are accompanied by 95% CIs. All statistical 
analyses were performed in SPSS for Mac (version 23.0; 
SPSS Inc, Chicago, IL). Significance was set at P <.05.

Results

The 127 patients (130 ankles) underwent surgery at a mean 
age at the time of surgery of 35.0 ± 2.1 years and a BMI 
averaging 27.0 ± 3.3. Of these, 19 cases underwent con-
comitant ligament reconstruction (14.6%), 11 cases had 
osseous corrective procedures (8.5%), 5 patients received 

soft tissue surgery (3.9%), and 9 cases had a combination 
of these procedures (6.9%) because of ankle instability, 
foot malalignment, tendon or ligament injuries, ganglions, 
or other concomitant pathologies (Table 1). Although 41 

Figure 3.  (A) Osteochondral defect of the talus after debridement of loose cartilage fragments and microdrilling creating a well-
bordered defect area with vital subchondral bone. (B) Complete cartilage repair after fixation of the bilayer type I/III collagen matrix 
with fibrin glue.

Table 1.  Patient and lesion characteristics.

Variable AMIC (n=130)

Female sex, n (%) 54 (41.5)
Smoker, n (%) 45 (34.6)
Side, right/left, n   75/55
Lesion size, mm2, mean ± SD 83 ± 58
OLT/OCD, n 115/15
Lesion location, n (%)
  Medial 107 (82.3)
  Lateral 22 (16.9)
  Bilateral 1 (0.8)
Bone grafting, n (%) 86 (66.2)
Concomitant surgery, n (%)
  Ankle stabilization 27 (20.7)
  Corrective osteotomies 12 (9.2)
  Soft tissue and tendon procedures 6 (4.6)
Previous surgery, n (%) 41 (31.5)
Cartilage surgery 27 (20.7)

Abbreviations: AMIC, autologous matrix-induced chondrogenesis; OCD, 
osteochondrosis dissecans; OLT, osteochondral lesion of the talus; R/L, 
right/left ankle.
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ankles (31.5%) had prior surgery, of which 27 (65.9%) had 
cartilage surgery (1 debridement, 10 microdrilling, 3 retro-
grade drilling, 4 microfracturing, 4 spongiosa autografts, 1 
iliac bone graft, 1 AMIC, and 3 OLT refixation), the 
remaining 89 ankles (68.5%) received primary talar AMIC.

Reoperations and Complications

The reviewed cohort consisted of 65 (50%) patients undergo-
ing subsequent surgery after a mean of 22.9 ± 28.5 months.

Revision surgery for AMIC-related complications was 
indicated in 18 cases (27.7%) at a mean follow-up of 
3.7 ± 2.8 years. Macroscopic evaluation during revision 
surgery demonstrated deep fissuring of the fibrocartilage 
(83%) and thinning (17%) of the AMIC graft (Figure 4). 
Revision surgery included predominantly re-AMIC or 
arthroscopic microfracturing (56%), screw removal and ste-
roid infiltration for symptom relief (17%), debridement 
(17%), total ankle replacement (6%), and arthrodesis (6%). 
Corrective osteotomy was performed in 1 patient with per-
sistent hindfoot varus malalignment despite lateral sliding 
calcaneus osteotomy, 1 for an acquired planovalgus, which 
was not evident during the initial treatment, and 1 with only 
minor hindfoot varus that was not corrected during the ini-
tial surgery (Table 2).

Graft-unrelated revision was indicated in 47 (72%) cases 
undergoing reoperation due to symptomatic hardware 
removal (n = 30; 46%), hardware removal alone (n=17; 
26%) or with concomitant procedures unrelated to the 
AMIC graft (n = 25; 38%), and other procedures unrelated 
to the AMIC graft (n = 5; 8%).

Failure Analysis

Of the 18 AMIC graft–associated complications, 16 cases 
(88.9%) presented with a medial OLT and in 14 cases 

(77.8%) a spongiosa autograft augmentation was performed 
because of the subchondral defect. Five cases (27.3%) 
underwent concomitant lateral ankle ligament reconstruc-
tion due to instability, and 1 patient (5.6%) underwent con-
comitant medializing calcaneus osteotomy. The mean 
defect size was 102 ± 76 mm2. Eight cases (44.4%) had a 
history of a prior cartilage repair surgery (5 microdrilling, 2 
autografts, and 1 AMIC).

Previous prior cartilage repair surgery was signifi-
cantly associated with AMIC graft–associated complica-
tions in patients undergoing revision surgery (8/18 vs 
5/47; P = .0023).

Among age, BMI, defect size, smoking, and bone graft-
ing, smoking was the only factor showing statistical signifi-
cance with an OR of 4.4 (95% CI 1.527, 12.679; P = .006) to 
undergo revision surgery due to graft-related complications 
after AMIC for OLT (Table 3). This OR slightly decreased 
to 3.7 (95% CI 1.24, 10.9; P = .019) when adjusted for prior 
cartilage repair surgery.

In a subgroup analysis of the 86 patients who under-
went isolated AMIC without any concomitant procedure, 
12 showed AMIC graft–related complications (Table 4). 
Bivariate correlation analysis indicated a significant cor-
relation of smoking (r = 0.257; P = .017) and previous car-
tilage repair (r = 0.368; P < .001) with a graft-related 
complication after AMIC. In the multivariate regression 
model, previous cartilage repair was the only variable 
showing a significant association with AMIC graft-related 
complications (OR 6.7, 95% CI 1.444, 31.168; P = .015).

Discussion

The main finding of this study is that revision surgeries after 
AMIC for OLT are predominantly caused by graft-unrelated 
complications, namely, symptomatic hardware removal. In 
the current cohort, only 14% of patients underwent revision 

Figure 4.  Typical morphology of AMIC graft complication with (A) deep fissuring and (B) thinning.
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surgery and had an evident AMIC graft-related complica-
tion. Interestingly, failure analysis revealed that smoking 
significantly increases the risk for AMIC-related complica-
tions requiring revision surgery adding further evidence to 
the existing literature on the harming effect of smoking on 
cartilage repair.

The AMIC technique appears effective, improving the 
symptoms and function of OLT and resulting in favorable 
mid- to long-term outcomes.21,26 However, revision surgery 
is frequent, with the majority of cases requiring hardware 
removal as patients often report pain over the screwheads 
after osteosynthesis of the malleolar osteotomy.41 The cur-
rent study confirms these findings with a revision rate due 
to symptomatic hardware in 46% of all revisions. However, 
the current study focuses on graft-related complications, 
which are only 28% of all revisions. Especially in patients 
undergoing revision cartilage repair with AMIC, graft-asso-
ciated complications occurred significantly more often.

Because of the complications of an osteotomy, it should 
be avoided if possible. However, malleolar osteotomy is 
often required in combination with the AMIC cartilage 
repair to obtain good exposition and achieve optimal defect 
coverage. Alternatively, the all-arthroscopic AMIC tech-
nique (AT-AMIC) can be performed without the need for 
malleolar osteotomy, yet this is an challenging procedure 
with a long learning curve.36 In a follow-up study of 20 

patients observed for 24 months, Usuelli et al35 reported that 
AT-AMIC is safe and effective in treatment of OLTs, with 1 
patient suffering from a hypertrophic reaction with impinge-
ment requiring repeat arthroscopy. However, the study 
excluded patients with prior ankle surgery and/or associated 
procedures. Another study by Baumfield et al5 showed sim-
ilar results of 17 cases with no complications and an aver-
age AOFAS Score of 89.5 points at the last follow-up after 
a mean time of 10.8 months. This study also included poste-
rior lesions, thus showing the possibility to treat defects 
even in usually difficult to access locations of the talus. 
However, the selection criteria are not reported, and there-
fore the application of the treatment to every case remains 
questionable. Furthermore, both studies reported only 
short- to midterm results and could therefore underestimate 
the complication rate after cartilage treatment. Nevertheless, 
in light of the findings of the current study with high reop-
erations rates due to symptomatic hardware after AMIC, the 
apparent advantage of this arthroscopic or mini-open tech-
nique has to be emphasized, but further research is war-
ranted to assess and compare clinical results after these 
AMIC techniques.

The type of complication after cartilage repair depends on 
the technique and is unique to each specific treatment used. 
Microfracturing induces regeneration of the chondral layer 
with the production of fibrocartilaginous tissue by stimulat-
ing the subchondral bone marrow.34 The repair tissue is bio-
mechanically inferior to native cartilage and results in graft 
insufficiency in long-term results.13,23 Especially in larger 
cartilage defects, AMIC has shown superior outcomes com-
pared with microfracture.39 Although the mean defect size in 
the current study is smaller than reported in other studies 
investigating AMIC for talar defects,22 there is no established 
minimum cutoff defect size for AMIC in the talus available. 
Therefore, smaller defects also were treated with AMIC as  
an advancement of microfracturing to improve the biome-
chanical properties of the repair tissue.7,25 In fact, favorable 
outcomes have been shown after microfracturing as well as 
AMIC for smaller cartilage lesions of the talus.6 Furthermore, 
the current study reports the lesion size based on preoperative 
imaging, which has been shown to often underestimate artic-
ular cartilage defect size8; thus, it is likely that the actual 
defect size might have been slightly larger than reported.

The detailed evaluation of the current study underlines 
the favorable outcomes after AMIC for OLT with a low rate 
of graft failures at a mean follow-up of 3 years. However, 
typical complications resemble those seen after microfrac-
turing, with biomechanical insufficiency showing deep fis-
suring and thinning of the graft. In contrast to bone marrow 
stimulation techniques, cell-based techniques like ACI aim 
to restore the native cartilage by implanting autologous 
hyaline cartilage tissue into the defect after culturing chon-
drocytes ex vivo.30,32 Typical complications after ACI, as 
reported by Niemeyer et al,29 differ from the current study. 

Table 3.  Bivariate Correlation Analysis for Reoperations due 
to AMIC-Related Complications.

Factors Pearson Correlation Significance (2-Tailed)a

BMI 0.007 .941
Smoking 0.255 .003
Age -0.095 .282
Defect Size -0.008 .925
Bone grafting 0.098 .265

Abbreviations: AMIC, autologous matrix-induced chondrogenesis; BMI, 
body mass index.
aBold indicates significance at a level of P < .05.

Table 4.  Patient and Lesion Characteristics for Isolated AMIC.

Variable AMIC (n=86)

Female sex, n (%) 32 (37.2)
Age, y, mean ± SD 34.8 ± 13.8
BMI, mean ± SD 26.9 ± 5.0
Smoker, n (%) 31 (36)
Lesion size, mm2, mean ± SD 89 ± 61.9
Bone grafting, n (%) 64 (74.4)
Previous cartilage surgery, n (%) 14 (16.3)
Graft-related complication, n (%) 12 (14%)

Abbreviations: AMIC, autologous matrix-induced chondrogenesis; BMI, 
body mass index.
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They describe typical graft-associated complications in 
15% of cases after ACI for the knee with symptomatic 
hypertrophy of the transplant, disturbed fusion of the graft 
with the adjacent native cartilage, delamination, and graft 
failure. Another technique used for the treatment of OLT is 
the restoration of the defect using osteochondral allograft 
transplantation. This can result in good outcomes with res-
toration of the OLT with viable cartilage tissue. However, 
the reported complication rate is 43%, with typical compli-
cations comprising surface incongruity of transplants, 
uncovered area between plugs, and donor site morbidity.14

The current study also analyzed the effect of patient- and 
lesion-specific factors influencing graft-related complica-
tions. In the studied cohort, when adjusted for previous car-
tilage repair surgery, smokers were still almost 4 times as 
likely to undergo revision surgery due to graft-related com-
plications after AMIC for OLT compared to nonsmokers.

Although not fully understood, smoking has multiple neg-
ative effects on postoperative regeneration such as changes in 
blood supply and healing potential of soft tissue.15,20,33 This 
finding supports the growing evidence of the negative effect 
of smoking after cartilage repair.15,20,33,38

The following limitations have to be acknowledged. First, 
this is a retrospective study with its associated biases, includ-
ing infrequently documented patient-reported outcome mea-
surements, which did not allow for a comprehensive clinical 
outcome analysis. Second, revision surgery was only per-
formed in symptomatic patients and therefore intraoperative 
assessment of the repair tissue quality was not available in all 
patients. Third, because of the limited clinical value of rou-
tine imaging after cartilage repair,11,40 this study did not 
assess or report postoperative MR or arthro-CT imaging out-
comes of asymptomatic patients. Lastly, the effect of coexist-
ing pathologies and concomitant procedures makes it 
sometimes challenging to differentiate between true graft-
related and nonrelated complications in these cases.

Despite these limitations, the herein presented study is 
an important contribution to the current literature of carti-
lage repair in the ankle by systematically assessing compli-
cations after AMIC for OLT in a large cohort of patients 
treated at a single institution.

Conclusion

The majority of revision surgeries after AMIC for OLT are 
unrelated to the performed AMIC graft but frequently 
address symptomatic hardware and concomitant patholo-
gies. Both smoking and previous cartilage repair surgery 
seem to significantly increase the risk of undergoing revi-
sion surgery due to AMIC-related complications.
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