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Ankle & Foot

Introduction

Osteochondral lesions of the talus (OLT) are defined as a 
damage involving both articular cartilage and subchondral 
bone primarily caused by a single or multiple traumatic 
events.1,2 Due to the poor regeneration potential of human 
hyaline cartilage, conservative therapy often fails and thus, 
operative treatment becomes necessary.3

It is generally accepted that bone marrow stimulation 
alone is an adequate treatment for small OLTs of up to 
1.5 cm2.4,5 In this procedure, blood cells emerging through 
small holes in the bone (microfracturing) form a clot in the 
defect zone, ultimately resulting in a fibrocartilage repair 
tissue. Though, microfracturing does not allow for bone 
stock restoration and the repair tissue is biomechanically 

inferior to native hyaline cartilage.6,7 Therefore, numerous 
techniques that restore rather the original joint conditions 
were advocated for larger defects,8,9 including autologous 
chondrocyte implantation (ACI), matrix-induced autologous 
chondrocyte implantation (MACI), osteochondral autograft 
transplantation (OAT), and osteochondral allograft (OCA). 
Of these procedures, however, none have shown superiority 

959405 CARXXX10.1177/1947603520959405CARTILAGEViehöfer et al.
research-article2020

1Department of Orthopedics, University Hospital Balgrist, University of 
Zurich, Zurich, Switzerland

Corresponding Author:
Jakob Ackermann, Department of Orthopedics, University Hospital 
Balgrist, University of Zurich, Forchstrasse 340, Zurich, 8008, 
Switzerland. 
Email: jakob.ackermann@balgrist.ch

Smoking Is Associated with Anterior Ankle 
Impingement After Isolated Autologous 
Matrix-Induced Chondrogenesis for 
Osteochondral Lesions of the Talus

Arnd F. Viehöfer1, Fabio Casari1, Felix W.A. Waibel1 ,  
Silvan Beeler1, Florian B. Imhoff1, Stephan H. Wirth1,  
and Jakob Ackermann1

Abstract
Objective. To determine potential predictive associations between patient-/lesion-specific factors, clinical outcome and 
anterior ankle impingement in patients that underwent isolated autologous matrix-induced chondrogenesis (AMIC) for an 
osteochondral lesion of the talus (OLT). Design. Thirty-five patients with a mean age of 34.7 ± 15 years who underwent 
isolated cartilage repair with AMIC for OLTs were evaluated at a mean follow-up of 4.5 ± 1.9 years. Patients completed 
AOFAS (American Orthopaedic Foot and Ankle Society) scores at final follow-up, as well as Tegner scores at final 
follow-up and retrospectively for preinjury and presurgery time points. Pearson correlation and multivariate regression 
models were used to distinguish associations between patient-/lesion-specific factors, the need for subsequent surgery 
due to anterior ankle impingement and patient-reported outcomes. Results. At final follow-up, AOFAS and Tegner scores 
averaged 92.6 ± 8.3 and 5.1 ± 1.8, respectively. Both body mass index (BMI) and duration of symptoms were independent 
predictors for postoperative AOFAS and Δ preinjury to postsurgery Tegner with positive smoking status showing a trend 
toward worse AOFAS scores, but this did not reach statistical significance (P = 0.054). Nine patients (25.7%) required 
subsequent surgery due to anterior ankle impingement. Smoking was the only factor that showed significant correlation 
with postoperative anterior ankle impingement with an odds ratio of 10.61 when adjusted for BMI and duration of 
symptoms (95% CI, 1.04-108.57; P = 0.047). Conclusion. In particular, patients with normal BMI and chronic symptoms 
benefit from AMIC for the treatment of OLTs. Conversely, smoking cessation should be considered before AMIC due to 
the increased risk of subsequent surgery and possibly worse clinical outcome seen in active smokers.
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over others.4 Procedures that transplant cartilage to the 
defect are generally either coupled with a 2-stage procedure 
to cultivate the cartilage ex vivo, entail donor site morbidity 
or use limited resources such as allograft.

Recently, autologous matrix-induced chondrogenesis 
(AMIC) was described as a single step procedure to treat 
cartilage defects with good to very good short- and midterm 
results and high return to sport.10 Several patient specific 
risk factors for poor outcome after cartilage repair are con-
troversially discussed in the current literature, including 
large defect size, increased body mass index (BMI), active 
smoking, hypertension, and increased patient’s age.11-18 
However, little is known about patient- and lesion-specific 
predictive factors in isolated AMIC for the treatment of 
OLTs.10 Additionally, we observed in our clinical practice 
that some patients who underwent AMIC for OLTs required 
subsequent ankle arthroscopy due to excessive anterior 
ankle scar tissue formation resulting in anterior ankle 
impingement.

Hence, this study sought to determine potential predic-
tive associations between patient- and lesion-specific fac-
tors, clinical outcome, and need for reoperation due to 
anterior ankle impingement in patients that underwent iso-
lated AMIC for OLTs. It was hypothesized that patient-spe-
cific factors, especially obesity and smoking, would lead to 
inferior clinical outcome and an increased rate of subse-
quent surgery due to anterior ankle impingement.

Materials and Method

This study was approved by the local research ethics com-
mittee before initiation. Data are regularly collected and 
stored for patients undergoing elective surgery at our insti-
tution. This database was used to identify patients who 
underwent isolated cartilage repair with AMIC for focal 
osteochondral defects of the talus between October 2009 
and August 2015. To avoid heterogeneity of the group due 
to different surgical techniques, only patients with an open 
approach and malleolar osteotomy were included. The sur-
gical treatment with AMIC was indicated in patients who 
were resistant to nonoperative therapies for symptomatic 
focal full-thickness chondral and osteochondral defects on 
the talus. Contraindications comprised inflammatory arthri-
tis and/or advanced osteoarthritis.

Patients were included if they underwent isolated AMIC 
for a focal OLT and completed patient-reported outcome 
measures including the American Orthopaedic Foot and 
Ankle Society (AOFAS; 0-100 points) score for ankle func-
tion, and the Tegner score (0-10 points) for sports activity. 
Conversely, patients were excluded if they had any prior or 
concomitant ankle surgical procedure.

Patient’s age at the time of surgery, BMI, sex, smoking 
status (active yes/no), lesion etiology, duration of symp-
toms (DOS), and whether the patient was diagnosed with 

hypertension were recorded. Osteochondral defect size was 
collected from surgical notes or preoperative imaging if 
available. According to Choi et al.,9 lesion size was calcu-
lated using the ellipse formula (coronal length × sagittal 
length × 0.79).

Surgical Technique

The surgical technique recently described by Weigelt et al.10 
was used for all patients in the current study. Briefly, the 
OLT was addressed via an open approach with malleolar 
osteotomy. Unstable cartilage and necrotic bone were 
removed and microfracturing was performed. Subchondral 
defects or cysts were curetted and filled with autologous 
cancellous from the medial malleolus through the osteot-
omy. A moistened collagen I/III bilayer matrix (Chondro-
Gide; Geistlich Pharma AG) was adapted to the shape and 
size of the OLT and fixed with fibrin glue (Tissucol; Baxter) 
to fill the defect. After passively moving the ankle joint in 
plantar flexion and dorsal extension, the correct position of 
the AMIC membrane was verified. The malleolar osteot-
omy was fixed with two 3.5-cm malleolar screws.

Postoperative Rehabilitation

Patients were mobilized in a lower leg cast for 6 weeks with 
partial weightbearing of 15 kg. Afterward, protected weight-
bearing was gradually increased in a lower leg cast to full 
weightbearing within weeks 10 to 12. Mobilization of the 
ankle joint was performed after wound healing.

Definition of Anterior Ankle Impingement

Anterior ankle impingement is defined as impingement of 
the ankle joint by either an excessive soft tissue (scar tissue) 
formation or osteophytic changes at the anterior aspect of 
the tibial platfond or talar neck.19 In the current study, 
patients that underwent subsequent surgery due to anterior 
ankle impingement explicitly complained about anterior 
ankle joint pain, triggered by full dorsiflexion, which is 
considered the key clinical element for diagnosis.19 Patients 
also received magnetic resonance imaging evaluation, 
which has shown to be a valuable adjunct to the clinical 
assessment in patients with anterior ankle impingement.20 
All patients were resistant to conservative treatment includ-
ing bracing, physiotherapy, and cortisone injections, ulti-
mately requiring anterior ankle debridement by ankle 
arthroscopy (Fig. 1).

Statistical Analysis

Descriptive statistics were calculated to determine the 
sociodemographic and clinical characteristics of patients. 
Bivariate correlations were assessed by Pearson’s and 
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point-biserial correlation coefficients (r). Potential predic-
tive factors showing significance at a level of P < 0.15 
were included in the final clinical outcome regression mod-
els. Categorical variables were coded as dummy variables 
for multivariate linear and logistic regression models (i.e., 
for sex, 0 represented male and 1 represented female). 
Models included patient age, sex, BMI, smoking status, 
hypertension, lesion etiology, DOS, bone grafting, defect 
size, and defect location. Subsequent surgery due to anterior 
ankle impingement and patient-reported scores, including 
AOFAS and Tegner were dependent variables. Regression 
coefficients and odds ratios are reported. All statistical anal-
yses were performed in SPSS for Mac (Version 23.0, IBM 
Corp, Armonk, NY). Significance was set at P < 0.05.

Results

A total of 35 patients with a mean age of 34.7 ± 15 years 
and a mean BMI of 28.7 ± 5.4 kg/m2 who underwent iso-
lated cartilage repair with AMIC for OLTs and a mean fol-
low-up of 4.5 ± 1.9 years were enrolled in this study. Of 
these patients, 14 (40%) were female, 17 (48.6%) were 
active smokers, 6 (17.1%) were diagnosed with hyperten-
sion, 27 (77.1%) had symptoms for more than 12 months, 

and 9 (25.7%) patients presented with osteochondrosis dis-
secans. The assessed defect size of each patient averaged 
0.9 ± 0.6 cm2 (range, 0.2-2.4 cm2) with 27 of 35 lesions 
(77.1%) requiring autologous bone grafting. Three lesions 
(8.5%) were located on the lateral talar dome, whereas the 
majority occurred on the medial talar dome (n = 32, 91.5%). 
In the study cohort, 9 (25.7%) patients required subsequent 
surgery due to anterior ankle impingement within the study 
period. The outcomes for all patient-reported ankle-specific 
surveys are presented in Table 1. Both, high preoperative 
preinjury and pre surgery Tegner scores were negatively 
correlated with the Δ Tegner of preinjury and presurgery 
to postsurgery, respectively (r = −0.46, P = 0.005 and 
r = −0.657, P < 0.001). Patients with higher Δ preinjury 
to postsurgery Tegner scores (patients that returned to sport 
on a slightly lower or even higher level than preinjury) 
also showed better postoperative AOFAS scores (r = 0.383, 
P = 0.023).

In the multivariate linear regression models, BMI and 
DOS over 1 year were independent predictors of Δ prein-
jury to postsurgery Tegner (P = 0.015 and P = 0.006, 
respectively) with increased age showing a positive asso-
ciation with the outcome, but this did not reach signifi-
cance (P = 0.058) (Table 2). BMI and DOS over 1 year 

Figure 1.  Magnetic resonance imaging (A) evaluation in a patient with postoperative anterior ankle impingement, who ultimately 
required subsequent ankle arthroscopy (B) for scar tissue debridement. *scar tissue; → joint line

Table 1.  Patient-Reported Outcome Measures.

Score Preinjury Presurgery Postsurgery

AOFAS — — 92.6 ± 8.3
Tegner 6.2 ± 1.9 3.7 ± 2.0 5.1 ± 1.8
Δ Preinjury to postsurgery Tegner — — −1.1 ± 1.6
Δ Presurgery to postsurgery Tegner — — 1.5 ± 2.3

AOFAS = American Orthopaedic Foot and Ankle Society.
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also significantly predicted postoperative AOFAS scores 
(P = 0.002 and P = 0.035, respectively). Positive smoking 
status showed a trend toward worse postoperative clinical 
outcome measured by the AOFAS (P = 0.054) (Table 3). 
Overall, 9 (25.7%) patients underwent subsequent surgery 
of the ankle due to anterior ankle impingement. Positive 
smoking status was the only factor correlated to the need 
for subsequent surgery (r = 0.344; P = 0.043). In fact, 
41.2% of active smokers had to undergo subsequent sur-
gery due to anterior ankle impingement compared with 
11.2% of nonsmokers. In a multivariate logistic regression 
model adjusted for BMI and DOS, smokers were 10 times 
more likely to develop postoperative anterior ankle 
impingement than nonsmokers (odds ratio [OR] = 10.61; 
95% CI, 1.04-108.57; P = 0.047) (Table 4).

Discussion

The key finding of the current study is that patients with a 
positive smoking status are 10 times more likely to undergo 
subsequent surgery due to anterior ankle impingement after 
isolated AMIC for the treatment of OLTs. Smoking did also 
show a trend toward inferior postoperative clinical outcome, 
yet, without reaching statistical significance (P = 0.054). 
Furthermore, increased BMI was correlated with less 
improvement in activity and worse clinical outcome after 
AMIC. Conversely, chronicity of symptoms (DOS >1 year) 
was associated with increased improvement of Tegner scores 
and postoperative AOFAS scores.

Thus far, various patient and lesion specific factors for 
poor clinical outcome after cartilage repair have been 
identified, including increased age, lesion size, BMI, and 
smoking.11,13,21-23 Although smoking was not statistically 
significantly associated with worse postoperative clinical 
outcome after AMIC (P = 0.054) in the current study, it 

substantially increased the odds for subsequent surgery due 
to anterior ankle impingement by 1 power of 10 (OR = 
10.61, P = 0.047). While there is paucity of literature inves-
tigating the effect of smoking on cartilage repair in the 
ankle, it is well known that smoking changes blood supply 
and healing potential of soft tissue with an increased risk 
for wound complications and nonunion in foot and ankle 
surgery.24-28 The present study supports the idea that smok-
ing also alters healing of soft tissue after cartilage repair 
of the ankle and might therefore lead to postoperative ante-
rior ankle impingement. Kanneganti et al.17 systematically 
reviewed the literature to find evidence if smoking influ-
ences ligamentous or cartilage repair surgery in the knee 
from both a basic science and clinical outcome perspective. 
While 3 studies reported a negative influence of smoking on 
clinical outcome after cartilage repair,11,29,30 1 study showed 
that both insulin-like growth factor-I (IGF-I) and basic 
fibroblast growth factor (bFGF) were significantly dimin-
ished in smokers compared with nonsmokers.31 These 
markers have been shown to be substantially involved in 
cartilage repair mechanisms,32,33 suggesting that smoking 
cessation would benefit patients undergoing cartilage repair 
surgery, which is supported by the findings of this study.

Generally, studies that determined the predictive value 
of preoperative parameters in patients undergoing AMIC 
for the treatment of OLTs are scarce. Yet, only 1 prior study 
has focused on assessing age as a potential risk factor for 
AMIC in the treatment of OLTs. The authors evaluated 31 
patients that underwent arthroscopic talus AMIC, of which 
17 were younger and 14 were older than 33 years. Patients 
were assessed preoperatively as well as postoperatively at 
6, 12, and 24 months. Both groups showed significantly 
improved clinical and radiological scores at all time points, 
regardless of group allocation. Younger patients, however, 
presented with slightly better preoperative, as well as 

Table 2. L inear Multivariate Regression Model for Δ Preinjury to Postsurgery Tegner.

Factors Regression Coefficient Standard Error P 95% Confidence Interval

BMI −0.121 0.047 0.015 −0.216 to −0.025
DOS >1 year 1.570 0.535 0.006 0.478 to 2.662
Gender −0.083 0.464 0.859 −1.031 to 0.864
Age 0.029 0.015 0.058 −0.001 to 0.059

BMI = body mass index; DOS = duration of symptoms.

Table 3. L inear Multivariate Regression Model for AOFAS.

Factors Regression Coefficient Standard Error P 95% Confidence Interval

BMI −0.845 0.244 0.002 −1.343 to −0.347
Smoking −4.666 2.331 0.054 −9.421 to 0.089
DOS >1 year 6.062 2.742 0.035 0.470 to 11.654

AOFAS = American Orthopaedic Foot and Ankle Society; BMI = body mass index; DOS = duration of symptoms.
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12- and 24-month postoperative AOFAS scores. The study 
concluded that arthroscopic talus AMIC is a safe and reli-
able procedure to treat OLTs in both young and old 
patients.34 Similar results were seen in the current study as 
patient’s age did not predict inferior outcome but showed a 
tendency toward better improvement of activity after sur-
gery compared with preinjury activity level (P = 0.58). It 
can be theorized that this finding roots in the rather low 
preinjury activity level of older patients when compared 
with younger patients as age was inversely correlated with 
preinjury Tegner scores (r = −0.595, P < 0.001), thus 
requiring only a small postoperative benefit in activity level 
to reach the preinjury activity level. In other words, patients 
with low sporting activity are more likely to postoperatively 
reach their preinjury activity level compared with highly 
active patients. Analogous postulations can be made when 
analyzing the impact of chronicity of symptoms on the clin-
ical outcome after AMIC. Patients with symptoms that 
lasted for more than 12 months showed an increased 
improvement of the individual sports activity level and 
patient-reported clinical outcome. Generally, patients with 
chronic symptoms tend to be less active and exhibit a 
smaller sporting ambition than patients with traumatic inju-
ries (current study: mean preinjury Tegner 5.9 vs. 7.0), 
which are usually caused by a single traumatic event, often 
involving high-impact sports. Hence, patient’s expectations 
on clinical outcome may diverge between groups with 
return to low-impact sports being sufficient for chronic but 
not for traumatic patients.

This study also revealed a negative influence of BMI on 
clinical outcome after AMIC. Thus far, only 1 prior study 
focused on the relevance of BMI regarding outcome of 
osteochondral restoration with AMIC in ankle surgery. 
Usuelli et al.35 prospectively studied 37 patients undergoing 
arthroscopic AMIC for OLTs and stratified them based on 
their preoperative BMI, resulting in mean BMIs of 21.90 ± 
1.94 and 27.41 ± 1.98 kg/m2 for each group. The clinical 
assessment comprised magnetic resonance imaging, com-
puted tomography, visual analogue scale, Short-Form 
Health Survey (SF-12) and AOFAS. Interestingly, increased 
BMI was associated with larger preoperative lesion size and 
postoperative bone marrow edema, yet clinical outcome 
seemed to not be influenced by patient’s BMI as both groups 
exhibited significantly improved AOFAS at 6, 12, and 24 

months postoperatively.35 However, the authors did not per-
form a direct comparison between both groups. In fact, 
patients with an increased BMI showed a smaller improve-
ment of AOFAS scores from pre- to postoperatively (24.8 
and 32.3 points at 1 and 2 years compared with 36.8 and 
41.2, respectively). Also, a BMI of 27.41 ± 1.98 kg/m2 in 
the overweight group may not have been sufficient enough 
to reveal the true impact of BMI as a prognostic factor. The 
average BMI of the present study was 28.7 ± 5.4 kg/m2, 
hence displaying a greater range than the study published 
by Usuelli et al.35 (24.3 ± 3.4 kg/m2), which might have 
contributed to the effect seen in the current study. 
Consequently, it can be theorized that, in fact, an increased 
BMI negatively influences clinical outcome after AMIC for 
OLTs.

The authors acknowledge the following limitations. The 
study design is retrospective, with Tegner preinjury and 
presurgery scores collected retrospectively at the postopera-
tive follow-up assessment, potentially introducing recall 
bias. Yet, this was the reason why preoperative AOFAS was 
not retrospectively collected in the study cohort, as the 
complexity of the score would have led to an unreliable pre-
operative score. Conversely, it can be theorized that the 
simplicity of the Tegner activity scale reduced recall bias in 
the assessment of preoperative patient’s activity.

In conclusion, especially patients with normal BMI and 
chronic symptoms benefit from AMIC for the treatment of 
OLTs. Conversely, smoking cessation should be considered 
before AMIC due to the increased risk of anterior ankle 
impingement and possibly worse clinical outcome seen in 
active smokers.
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Table 4. L ogistic Regression Model for the Need of Subsequent Surgery.

Factors Odds Ratio 95% Confidence Interval P

Smoking 10.61 1.04 108.57 0.047
BMI 1.03 0.858 1.25 0.73
DOS >1 year 0.17 0.015 1.91 0.15

BMI = body mass index; DOS = duration of symptoms.
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