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Abstract
Most talar cartilage injuries have a traumatic pathogenesis. They occur as a result of a single or repeated 

traumatic event. Initially only the cartilage may be damaged by shear stress and may heal, remaining asymptomatic. 
Often the trauma causes microfractures in the subchondral plate and bone and upon loading, water is forced into the 
damaged subchondral area by the compressed cartilage, leading to a localized increased flow and fluid pressure. 
This can cause osteolysis and lead to the formation of subchondral cysts. Deep ankle pain on weight bearing, most 
probably caused by repetitive high fluid pressure will limit the patients mobility and hence quality of life and needs 
to be treated. 

We describe an emerging and especially cost-effective scaffold-based reconstruction technique for osteochondral 
defects of the talus-Autologous Matrix-Induced Chondrogenesis (AMIC®)–a promising alternative to Matrix-induced 
Autologous Chondrocyte Implantation (MACI) and other techniques. 

Keywords: Cartilage defect; Talus; AMIC; MACI; Chondro-Gide;
Microfracture ; osteochondral defect OD; Osteochondral lesion OCL; 
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Introduction
Osteochondral lesion (OCL) is a broad term used to describe an 

injury or abnormality of talar articular cartilage and adjacent bone 
and includes osteochondritis dissecans (OD) as well as osteochondral 
fractures and local degenerative lesions [1]. Trauma is reported to be an 
important etiologic factor of OCL of the talus with an incidence of 93-
98% for lateral defects and 61-70% for medial defects [2,3]. In the acute 
setting, an OCL is often not recognized due to the prevailing symptoms 
of other injuries, e.g. ligaments. If symptoms like swelling or locking 
persist and do not resolve after 4-6 weeks, or intermittent deep ankle 
pain during or after activity presents, an OCL may be suspected [4], 
even if there is no trauma in history. 

Treatment should be tailored to individual patient’s needs based on 
clinical findings and medical history. Besides addressing the OCL as 
such it is mandatory to verify and correct concomitant problems (e.g. 
malalignment, instability). Treatment decision should also take into 
consideration patient specifics like age and level of activity expected 
and will range from conservative, non-surgical to surgical options or 
a combination of all with the goal to reestablish functionality through 
restoring talar integrity and to preserve the joint. 

In young patients with open growth plate, osteochondral defects 
can be managed conservatively with a high rate of complete remission 
[5,6]. Acute OCLs can be treated non operative. Acute lesions (Stage I 
and II) require 3 weeks of immobilization. Stage III and IV should be 
treated with a walker and partial weight bearing of 20 kg for 6 weeks 
[7]. Silent OCLs in the adult should be managed nonoperatively with 
regular follow ups. Especially if the lesion was detected by accident, 
there is no evidence that any treatment is necessary [4,6,8].

Symptomatic treatment with an ankle brace, physiotherapy, 
pain medication or treatment with hyaluronic acid helps to relieve 
symptoms; however, it cannot heal the lesion. Hyaline cartilage is a 
tissue containing very few cells, with chondrocytes making up only 
about 1-3% of its total volume. The ability to regenerate itself is very 

limited. At this stage of medical science a causative treatment cannot be 
expected by nonoperative management of chronic OCLs [9].

Surgical intervention is indicated after failed conservative attempts 
to treat symptomatic OCLs or OCLs larger than 1.5cm2. Options 
are arthroscopic debridement and bone marrow stimulation, defect 
reconstruction through fragment fixation, retrograde drilling and 
cancellous bone grafting as well as cartilage restoration procedures.

Surgical Treatment Options
The standard procedure for treatment of symptomatic Grade III- 

IV° cartilage defects of the talus according to the International Cartilage 
Repair Society (ICRS) classification is microfracture (MFx). Through 
the perforated subchondral bone plate progenitor cells, mesenchymal 
stem cells, growth factors, and other healing proteins are released 
into the defect area and form a superclot that provides an enriched 
environment for fibrous cartilage formation [10]. MFx provides the 
highest level of evidence for its good clinical outcome compared to all 
other cartilage repair techniques [11]. However, the good initial clinical 
results are reported to start to worsen after 5 years [12,13]. Significantly 
inferior results have been found in defects exceeding 1.5 cm² [14,15].

Autologous Chondrocyte Implantation (ACI) has been tried in the 
past decades for the treatment of larger talar defects, those associated 
with subchondral bone cysts and those who have failed arthroscopic 
debridement. It is an established 2-step procedure with seemingly 
good clinical results in which in a first step harvested cartilage cells 
are expanded in vitro and in a second step are re-implanted into the 
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to the superclot and fixed with commercially available fibrin glue. 
Mesenchymal progenitor cells migrate towards and adhere to the porous 
layer of the matrix. In vitro studies have shown that the collagen matrix 
prevents shrinkage of the super clot and that its use in combination 
with commercially available fibrin glue (Tissucol or Tisseel from 
Baxter) supports chondrogenic differentiation of human mesenchymal 
stem cells and significantly enhance proteoglycan deposition [36-40]. 

As in MFx, in defects with subchondral cyst formation, AMIC can 
be combined with cyst resection and filling of the defect with bone 
graft, either from the iliac crest, the tibia or the calcaneus. 

The Authors’ AMIC Technique 
Access

The majority of OCLs require access to the medial talar shoulder. 
Entry is between the medial malleolus and the anterior tibial tendon. 
The skin incision is marked accordingly.

A mini-arthrotomy is performed to open the joint by dissection 
down to the level of the joint capsule. With the help of a K-wire 
distractor as guide, K-wires are drilled into the distal tibia and parallel 
into the neck of the talus, joint distraction is achieved with the foot in 
maximum plantar flexion (Figure 1).

Cartilage reconstruction

Prior to drilling or MFx, the OCL is cleaned of all unstable cartilage, 
necrotic bone and any cysts present are curetted. A healthy cartilage 
rim is created for matrix implantation. If the subchondral bone displays 
sclerosis, drilling under cooling may be required instead of MFx to 
penetrate below this layer. 

Bone graft is used to reconstruct osseous defects larger than 2 mm. 
To avoid delamination of the matrix, the defect should be filled only 
to the level of the subchondral bone lamella. Sealing of the graft with 
fibrin glue ensures adequate stability for talar cartilage reconstruction 
(Figure 2).

Then, the collagen matrix, comprising of a cell occlusive and a 
porous layer, is prepared by cutting it to fit the defect. For this purpose, 
a special template is pressed into the defect with a forceps so that 
the borders of the cartilage are clearly depicted. Using commercially 
available fibrin glue the matrix is glued onto the bone graft, carefully 
avoiding matrix overlap over adjacent cartilage. Overlaps can lead to 
delamination of the matrix on joint movement. 

joint [16-18]. Drawbacks of the technique reported are a challenging 
time-consuming surgical technique involving periosteal flap placement 
in an open approach. Other difficulties faced are non-homogenous 
distribution of chondrocytes with the risk of leakage if the flap is not 
adequately sealed, complications at the periosteal harvest site and graft 
hypertrophy [19].

For some years now, Matrix-induced Autologous Chondrocyte 
Implantation (MACI) has gained increasing popularity. It differs from 
the original ACI mainly in handling properties, since the in vitro 
expanded cells are cultured onto a scaffold, forming a unit which is 
easier to implant [20]. Similar results as in ACI are reported [21]. 

Nam et al. [22] published data on 11 patients and found an AOFAS 
score of 84.3 and a mean Tegner score of 4.0 at a mean follow-up of 
3 years. Baums et al. [23] followed up 12 patients and found a mean 
AOFAS score of 88.4 at 5 years. Neither study had any failures. Schneider 
et al. reported on 20 patients with a mean age of 36 (19 to 61) years and 
an AOFAS score of 87 with 2 failures at 21 months [19]. A mean AOFAS 
score of 89.5 at 3 years in 46 patients with a mean age of 31 was found 
following arthroscopic MACI of the talus by Giannini et al. [18]. In a 
very recent publication by Anders et al. [20] 22 patients showed stable 
improvement of pain and function at 5 years follow-up.

Depending on the location of the OCL an arthroscopic MACI as 
described by Cherubino et al. [24] or MACI via mini-arthrotomy might 
be suitable and is described by Giza et al. [25].

ACI and MACI are both very cost- and labor-intensive operative 
options, with the need for 2 interventions. The superiority of ACI/
MACI techniques over that of microfracturing could not be conclusively 
established so far [26-28]. In a systematic review Niemeyer et al. 
acknowledged that current evidence concerning the use of ACI in the 
talus is still elusive and a superiority or inferiority to other techniques 
could not be proven [28]. 

Most authors report that they still prefer an open approach with 
ACI/MACI necessitating an osteotomy [29,30]. Complications 
associated with osteotomies include the risk of nonunion, symptomatic 
hardware and injury to the previously intact articular surface.

Besides MFx, mosaicplasty, also called osteochondral autograft 
system (OATS) was and still is popular in some countries when 
attempting to reconstruct OCLs of the talus. It has proven to be 
delicate because of the incongruency of the donor- and recipient site 
and is associated with high donor-site morbidity. In more than 50% 
of the cases, complaints in the knee joint from where the grafts were 
harvested have been reported [31]. Furthermore, an autograft cannot 
be implanted in the ankle without an osteotomy of the medial or lateral 
malleolus, which can lead to future complications and late adverse 
effects already described above.

Current research is focusing on one-step procedures, e.g. scaffold 
enhanced microfracture with the goal to provide a simple, cost-effective 
clinical solution without the challenges associated with cell culture and 
a second surgical intervention [29,32]. 

Pre-requisite for the development of adequate repair cartilage is the 
stabilization of the progenitor cells-containing blood clot formed after 
microfraturing [33]. Stabilizing this superclot with a scaffold facilitates 
colonization, proliferation and chondrogenesis of mesenchymal stem 
cells [34,35]. 

Autologous Matrix-Induced Chondrogenesis (AMIC) is a scaffold 
enhanced cartilage repair technique. A collagen type-I/III bilayer 
matrix (Chondro-Gide, Geistlich Pharma AG, Switzerland) is added Figure 1: Osteochondral lesion of the talus.
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After hardening of the glue, the distractor is removed and the joint 
moved throughout the range of motion several times to verify stability 
of the matrix and appropriate level of bone graft. In case delamination 
occurs, bone graft level and matrix overlap should be checked and 
corrected as needed. The joint is then closed with resorbable sutures, 
and if needed, a drain is inserted. Elastic compression bandage is 
applied and the tourniquet released. The ankle is immobilized with a 
dorsal plaster splint for the first 48 h post-operative.

Special surgical considerations

Defects in the medial and lateral talar shoulder and centrally located 
defects require a ventrocentral approach between the anterior tibial and 
the extensor hallucis longus tendon that enables visualization of the 
entire ankle joint. If a dorsolateral approach is used, patient positioning 
must ensure adequate dorsal extension of the knee. A dorsomedial 
approach between the medial malleolus and the posterior tibial tendon 
may also be used as found necessary. To ensure success of talar articular 
cartilage reconstruction, any other concomitant pathology present such 
as axial deviations or hindfoot deformities must be corrected. Capsule 
and ligament issues, if any, must be addressed as appropriate. 

Postoperative management

Meticulous attention to managing the patient immediately after 
surgery and ensuring patient compliance for 12 months thereafter are 
prerequisites for success of the surgical intervention. Premature loading 
of the joint, which is likely to interfere with the healing process and the 
formation of repair tissue is to be avoided. However, the joint must be 
subject to adequate motion to prevent adhesions and prevent stiffness. 
Thus, the recovery process comprises a sequence of steps of gradually 
increasing the load on the joint. As load bearing improves with growth 
of repair tissue, weight bearing, exercise and impact are added at stated 
intervals. 

Initially the joint must be immobilized for 48 h following surgery 
at which time the drain can be removed. Limited continuous passive 
motion (20-0-20) lessens the risk of matrix delamination. In defects 
located very ventral or dorsal of the joint surface, the recommended 
range of motion is modified accordingly. For the next 2 weeks, the 
joint is protected with dorsal splints, at which time, healing should be 
completed. Thereafter, weight bearing is gradually increased; starting 
with 10 kg in the first 6 weeks, loading is increased by 20 kg every 2 
weeks in the succeeding 6 weeks. At the end of 12 weeks, the patient is 
encouraged to perform activities of daily living. Swimming and cycling 
can also be added as desired by the patient. In general, the patient 

should avoid all high-impact sports as also those demanding movement 
with rapid directional change. Cartilage reconstruction can help return 
patients to activities of normal life including gentle sports activities. 

The Authors’ Results 
Post-operative results of 36 and more months are available for 20 

patients with cartilage defects larger than 2,0 cm², Grade III and IV 
according to the ICRS classification. They were treated with AMIC as 
described before. No intraoperative complications were observed. The 
average age at the time of surgery was 39 (Range 19 to 60). In 15 cases 
the cartilage reconstruction was possible without performing a medial 
malleolar osteotomy. In 13 cases an anteriormedial approach was used, 
in 2 cases an anterorlateral approach. The Chondro-Gide® matrix was 
fixed with fibrin glue in all cases. In 16 cases a cancellous bone graft 
from the ipsilateral calcaneus was performed. The postoperative care 
included a non weight bearing period of 6 weeks with continuous 
passive motion (CPM), followed by 6 weeks of increasing weight 
bearing. 

Foot Function Index (FFI) [41] (0 - best result, 100 - worst 
result) improved from 55.0 (SD 19.6) to 24.5 (SD 14.5) in the pain 
subscale, the function subscale changed from 60.1 (SD 13.7) to 28.1 
(SD 21.0). The total FFI showed a significant improvement from 57.9 
(SD 13.7) to 26.5 (SD 17.4). The AOFAS Score [42] (0 – worst result; 
100 – best result) increased from 50.8 (SD 17.9) to 81.7 (SD 12.8). 
There was no correlation between outcome and the age of the patient 
at the time of surgery. Patients who sustained a medial malleolar 
osteotomy had inferior results compared to patients without additional 
osteotomy: 76.5 (SD 9.8) vs. 85.4 (SD 13.6). In 2 cases, MRI showed 
new cyst formation. In 1 case, residual complaints necessitated repeat 
arthroscopy, which showed an unstable graft and hypertrophic repair 
tissue with impingement. In all other cases, MRI showed good defect 
filling without increased effusion (Figure 3). 

Comparison AMIC to MACI
Scaffold based reconstruction techniques have emerged as valid 

treatment alternative for focal chondral and osteochondral cartilage 
defects of the talus (ICRS Grade III and IV) >1.5 cm² resulting from 
traumatic events and for osteochondrosis dissecans. It is important 
to respect, that those techniques are not indicated for degenerative 
changes in the ankle joint, kissing lesions, inflammatory joint disease, 

Figure 2: Reconstructed cartilage surface with AMIC.

Figure 3: 12 months MRI follow up with a good integration of the membrane 
and the bone graft.
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crystal arthropathy and neuroarthopathy. There is no clear age limit for 
those procedures, however inferior results in older patients are more 
likely. Instability and axis malalignment can and should be addressed 
at the same session.

AMIC and MACI are both clinically established, longer follow-up 
results are published for the latter [20]. A comparative overview of the 
here described scaffold-based reconstruction techniques is presented 
(Table 1).

Perspectives 
Sufficiently powered, randomized clinical trials with uniform 

methodology and most importantly validated and sensitive outcome 
measures are needed to compare surgical strategies for OCL of the talus. 
Our results suggest that AMIC may be an effective way to treat full-
thickness lesions of the talus in patients who do not respond to initial 
curettage. This especially when compared to ACI/MACI which failed 
so far to generate truly convincing evidence that extra money spent 
generates substantially better outcome. There is a clear trend to simple, 
one-step approaches in the talar cartilage repair strategies. In Germany 
the scaffold used for AMIC is approved as medical device and available 
for a fraction of the cost of a MACI graft. MACI for talus is not approved. 
Furthermore, all cell-based cartilage repair techniques are regulated as 
of 2013 as advanced-therapy medicinal products (ATMPs) requiring 
marketing authorization by the EMEA. This has and will drastically 
increase development costs and timelines, rendering scaffold-cell-
based reconstruction techniques relatively unattractive to the industry, 
reimbursement providers as well as hospital administrators. 

Generally, more comparative effectiveness research – costs versus 
clinical results - would improve the transparency of health care 
expenditures. Of course, such work is additionally complicated though 
the fact that treatment effects can vary by inter- and intra-patient 
variability. It would also facilitate the decisions of reimbursement 
providers and help to ensure that innovative treatment strategies are 
focused on cost-effectiveness.
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