
Technical Note

Cartilage
1(1) 65–68
© The Author(s) 2010
Reprints and permission: http://www. 
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1947603509360044
http://cart.sagepub.com

Autologous Matrix-Induced 
Chondrogenesis (AMIC): Combining 
Microfracturing and a Collagen I/III Matrix 
for Articular Cartilage Resurfacing

J. P. Benthien1 and P. Behrens2

Abstract

Options for the treatment of cartilage defects include chondral resurfacing with abrasion, debridement, autologous 
chondrocyte transplantation (ACT), matrix-induced chondrocyte transplantation (MACI), or osteochondral autologous 
transplantation (OATS). This article describes the new method of autologous matrix-induced chondrogenesis (AMIC), 
a 1-step procedure combining subchondral microfracture with the fixation of a collagen I/III membrane by a partially 
autologous fibrin glue. Indications and contraindications are provided; a technical note is given. This method is primarily 
applied in osteochondral lesions of the knee and ankle joints; other joints may qualify.

Keywords

autologous cartilage repair,  AMIC, microfracturing

1Department of Orthopaedic Surgery, University of Basel, Basel, Switzerland
2Department of Orthopaedic Surgery, University of Luebeck, Luebeck, 
Germany

Corresponding Author:
J. P. Benthien, Division of Hip/Knee and Endoprosthetics, Department of 
Orthopaedic Surgery, University of Basel, Spitalstr 21, CH-4031 Basel, 
Switzerland
Email: jbenthien@uhbs.ch

from the patient’s serum. Fixation by sutures as performed 
with the MACI may lead to cartilage damage.6 This problem 
may be solved by gluing techniques.10 It should be noted that 
commercially available fibrin glue seems to act as an addi-
tional scaffold for chondrocytes and that its contents in TGF β 
are considerable, possibly helping in the differentiation of 
MSCs.8

The objective of AMIC is resurfacing of articular carti-
lage defects to restore a pain-free joint with physiological 
range of motion. The indications of AMIC are symptomatic 
full-thickness chondral and subchondral defects in the major 
joints, maximum size of 1.5 cm2, posttraumatic or osteo-
chondrosis dissecans, and location in the main weightbear-
ing area of the joint or maximum area of pain. The 
contraindications of AMIC are inflammatory diseases (e.g., 
rheumatoid arthritis), tumor, associated fracture, multiple 
lesions, noncompliant patient, extension deficit of more than 
10°, flexion deficit of less than 100°, untreated meniscec-
tomy without meniscal replacement, malalignment, and 
uncorrected ligament deficiency.

Introduction 

Among the cartilage resurfacing procedures currently applied 
are abrasion arthroplasty and debridement. Britberg intro-
duced the autologous chondrocyte transplantation (ACT), 
which involves a 2-step procedure transplanting chondro-
cytes previously taken from a donor site into a cartilage 
defect.1 Steadman developed the method of microfractur-
ing in the 1990s. The calcified subchondral bone/cartilage 
border is perforated; consecutively fibrous cartilage is devel-
oped from mesenchymal stem cells.2-4

The matrix-associated chondrogenesis is a further devel-
opment in cartilage resurfacing, which allows mesenchymal 
stem cells (MSCs) to develop into chondrocytes with the 
aid of a collagen scaffold.5,6 The matrix-induced autologous 
chondrocyte transplantation (MACI) combines this matrix 
technology with the ACT. A prospective randomized study 
by Bartlett et al. yielded similar results in both techniques.5 
As the MACI method is even more expensive than the regu-
lar ACT, and both are not reimbursed by many health insur-
ance companies in Europe, a more economic method was 
searched to perform cost-effective joint resurfacing.

The autologous matrix-induced chondrogenesis (AMIC) as 
first introduced by Behrens6-9 further develops the scaffold 
technique in combination with microfracturing. It is a 1-step 
procedure that involves microfracturing of the debrided carti-
lage lesion and a commercially available collagen I/III matrix 
for covering the blood clot and its MSCs. Fixation is with par-
tial autologous fibrin glue in which the thrombin part is yielded 
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Preoperative Diagnostic Steps

After the patient’s history and physical examination are 
taken, standard weightbearing anteroposterior and lateral 
X-rays are performed. A posteroanterior weightbearing 
notch view of the knee may also be added to the preopera-
tive work-up. If the knee is affected, a full-standing X-ray 
of both legs is taken to evaluate the axis, and an axial X-ray 
of the patella is taken. T1- and T2-weighted magnetic reso-
nance imaging scans of the joint are taken to evaluate 
accompanying injuries and to gain a preoperative status of 
the cruciate ligaments and the cartilage.

Patient Information
Common surgical risks include postoperative infection, 
thrombosis, hemorrhage, delayed wound healing, partial 
weightbearing and limited range of motion for a minimum 
of 6 weeks, postoperative rehabilitation, alternative proce-
dures, and self-limiting of cartilage lesions. The patient 
should be aware and agree that an arthrotomy will be 
performed.

Surgical Technique
The procedure may be performed in spinal or general anes-
thesia. The patient should be in a supine position. A tourni-
quet is advised for better views.

The procedure starts with an arthroscopy of the affected joint 
to verify the size and location of the defect and also the amount 
of accompanying disorder. If the size is located and an AMIC 
procedure is recommended, a minimally invasive arthrotomy  

Figure 1. The defect is clearly visible on the medial left femoral condyle. The arthroscopic view (A) demonstrates a grade 4 lesion 
according to the Outerbridge classification. This is confirmed by a mini open arthrotomy (B). (C) Reproduced with kind permission by 
Geistlich (Wolhusen, Switzerland).

Figure 2. (A) After curettage of the lesion, microfracturing may 
be performed. A blood clot should form. (B) Reproduced with 
kind permission by Geistlich (Wolhusen, Switzerland).
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is performed,11 and the defect is visualized openly (Fig. 1). 
The defective cartilage tissue and subchondral bone are 
removed with a curette. Microfracturing is performed with the 
corresponding microfracturing probes (Fig. 2). The size of the 
defect is evaluated, and a collagen membrane is measured. It 
should be slightly undersized to avoid dislocation after move-
ment. An aluminum template may be used to determine the 
size of the lesion. For preparation of the fibrin glue, several 
options exist: a partially autologous fibrin glue may be manu-
factured by centrifuging a blood sample from the patient and 
mixing the yielded thrombin with allogenic fibrinogen. Com-
pletely allogenic fibrin glue as commercially available or 
suturing for fixation may also be performed. The partially 
autologous fibrin glue is the authors’ fixation method of 
choice. Suturing may also be performed but may lead to carti-
lage damage.6 Knecht et al. have confirmed that gluing with 
fibrin glue leads to sufficient stability.10 It should be kept in 
mind that according to the original method, the collagen mem-
brane should be placed slightly below the cartilage level to 
avoid displacement. If the joint is gently moved intraopera-
tively, inspection of the site usually yields that the membrane 
remains in place. The membrane is attached to cover the defect 
(Figs. 3 and 4). 

The postoperative management is as follows: maximum 
weightbearing of 15 to 20 kg for 6 weeks, and common 
thrombose prophylaxis with a low molecular heparine. 
Removal of a possible drain 24 hours after surgery is recom-
mended. Care should be exercised while the suction is 
removed, as membrane dislocation could result.

Maximum flexion of the knee should not exceed 30° for 
2 weeks following the operation. Assisted active physical 
therapy may be applied, minding the weight and range of 
motion limits. Isometric quadriceps training, straight length 
raising, and hamstring isometrics are possible.

Flexion is raised to 60° and 90° for another 2 weeks, 
respectively. The patient is seen in the outpatient clinic 6 weeks 
after the appointment. Postoperative physical therapy should 
focus on muscle strengthening exercises as well as progres-
sively increased joint mobilization. After 6 weeks, progres-
sive exercising is possible with light biking in a slight 
resistance setting.

Combining microfracturing with a collagen I/III scaffold 
may be a cost-effective option to resurface cartilage defects. 

Figure 3. (A) The collagen membrane is fixed with partially 
autologous fibrin glue, which is the original AMIC method. Allogenic 
fibrin glue may also be applied for fixation. (B) Reproduced with 
kind permission by Geistlich (Wolhusen, Switzerland).

Figure 4. (A) The collagen membrane is definitely fixed with 
partially autologous fibrin glue. (B) Reproduced with kind 
permission by Geistlich (Wolhusen, Switzerland).
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Prospective studies should compare the results of the AMIC 
procedure as compared to microfracturing alone and MACI.
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