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Article

Introduction

Marrow stimulating techniques have been used to treat car-
tilage defects since 1959 when Pridie1 introduced subchon-
dral drilling. Steadman et al.2 refined this with microfracture 
techniques to avoid heat necrosis from drilling. The bleed-
ing from the subchondral bone forms a clot that contains 
growth factors and attracts ingrowth of mesenchymal stem 
cells (MSCs). The clot induces a repair that covers the car-
tilage defect with a combination of fibrous and hyaline-like 
cartilage.3,4

The limitation for marrow stimulation techniques is that 
the bone marrow stem cells and growth factors are released 
into the joint rather than being contained at the site of the 
defect. It is also suggested that the newly formed clot is not 
mechanically stable to withstand tangential forces.5

Some authors have modified the traditional marrow 
stimulating techniques to enhance its efficacy; by combin-
ing it with an intraarticular injection of platelet-rich plasma 
(PRP) or in vitro manipulated MSCs.6-9

Autologous matrix-induced chondrogenesis (AMIC) is 
a novel technique of cartilage restoration. It is a one-step 
procedure that combines microfracture with the fixation of 
a biological scaffold, such as a porcine collagen matrix. 
This matrix covers the blood clot, permitting the ingrow-
ing of MSCs to differentiate into the chondrogenic 

lineage. The matrix acts as a temporary structure to allow 
the cells to be seeded and establish a 3-dimensional 
structure.

Over the past few years, there has been an increasing 
number of reports of AMIC-like techniques used for car-
tilage resurfacing in the knee and ankle joint.10,11 There 
has also been a variation in the surgical techniques, the 
type of matrix used, and the addition of supplementary 
growth factors and exogenous cell transplant. Thus, it is 
necessary to discuss the differences in these variants in 
AMIC techniques.

Our aim is to review the basic science rationale, the vari-
ous techniques and results of AMIC for knee cartilage 
repair. We also hope that this can be a basis for standardiza-
tion during reporting of surgical techniques and comparing 
outcomes of AMIC in future.
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Abstract
Objective: Autologous matrix-induced chondrogenesis (AMIC) is a 1-step cartilage restoration technique that combines 
microfracture with the use of an exogenous scaffold. This matrix covers and mechanically stabilizes the clot. There have 
been an increasing number of studies performed related to the AMIC technique and an update of its use and results is 
warranted. Design and methods: Using the PubMed database, a literature search was performed using the terms “AMIC” or 
“Autologous Matrix Induced Chondrogenesis.” A total of 19 basic science and clinical articles were identified. Results: Ten 
studies that were published on the use of AMIC for knee chondral defects were identified and the results of 219 patients 
were analyzed. The improvements in Knee Injury and Osteoarthritis Outcome Score, International Knee Documentation 
Committee Subjective, Lysholm and Tegner scores at 2 years were comparable to the published results from autologous 
chondrocyte implantation (ACI) and matrix ACI techniques for cartilage repair. Conclusions: Our systematic review of the 
current state of the AMIC technique suggests that it is a promising 1-stage cartilage repair technique. The short-term 
clinical outcomes and magnetic resonance imaging results are comparable to other cell-based methods. Further studies 
with AMIC in randomized studies versus other repair techniques such as ACI are needed in the future.
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Methods

Using the PubMed database a literature search was per-
formed using the terms “AMIC” or “Autologous Matrix 
Induced Chondrogenesis.” A total of 11 publications pub-
lished in English were identified with this initial search.10,12-20 
Following this, the summary and references of each publi-
cation were reviewed to identify other relevant studies. 
Another 8 studies were identified and included in this 
review.21-28

In total, we identified 4 technical notes explaining 
AMIC surgical techniques,10,12,15,19 10 outcome reports of 
the AMIC technique for chondral defects in the 
knee5,13,14,17,18,23,24,26-28 and 5 basic science studies on the 
AMIC technique16,29-31,34 The full text of these publica-
tions were reviewed and summarized by the primary 
author for this review.

Basic Science Rationale

Gille et al.29 initially proposed that the use of a matrix 
provides a stimulus for chondrogenic differentiation. 
Benthien and Behrens10 also proposed that covering the 
chondral defect with a matrix after microfracture concen-
trates the MSCs and growth factors released from the bone 
marrow. Kramer et al.30 reported from their studies that 
when a matrix was used, the bone marrow cells were con-
tained by the collagen matrix. This was based on their in 
vivo study where they could regularly isolate MSCs from 
the matrix.30

Tallheden et al.25 reported that MSCs from the micro-
fracture had the same phenotypic plasticity as chondro-
genic cells in the cartilage basal zone. They found that 1 
cm3 of blood from a microfracture hole had 8,000 CD34+ 
MSCs. With AMIC, MSCs were distributed on the rough 
part of the membrane and the membrane acted as the roof 
of a “biological chamber.”25

Knee surgeons have made use of different scaffolds for 
the AMIC technique in cartilage repair. The ideal scaffold 
should mimic biology, architecture, and structural proper-
ties of the native tissue, facilitating cell infiltration, attach-
ment, proliferation, and differentiation. It should first 
support tissue formation and then gradually be replaced by 
the regenerating tissue with no harmful breakdown prod-
ucts released.

There are different types of scaffolds available: natural 
protein–based or carbohydrate-based scaffolds, and syn-
thetic scaffolds. The 3 scaffolds that have been reported 
in the literature for AMIC are ChondroGide (Geistlich 
Biomaterials, Wolhausen, Switzerland), Hyalofast (Fidia 
Advanced Biopolymers, Padua, Italy), and Chondrotissue 
(BioTissue, Zurich, Switzerland). There are other com-
mercially available collagen and alginate scaffolds that 
have been used for cartilage repairs that are reported in the 
literature.32,33

ChondroGide (Geistlich Biomaterials, Switzerland)

The porcine-derived type I/III collagen membrane 
ChondroGide is the commonest type of matrix used. This 
is a protein-based natural bilayer collagen matrix that 
exists as a porous cell adhesive and a smooth cell occlu-
sive layer.

The cell adhesive layer ensures that the MSCs are 
attached to the collagen fibers for the proliferation of stem 
cells and the differentiation into chondrocytes. The second 
cell occlusive nonporous layer of ChondroGide makes sure 
that the super clot remains in the defect.

Gille et al.29 has shown that cells grown on ChondroGide 
form a multilayered apical cell sheet with chondrocyte-like 
cells. The ChondroGide matrix (collagen I/III) will be 
resorbed within 6 to 24 weeks after implantation. They 
reported from laboratory studies that the collagen I/III has 
better properties for chondrogenesis compared with colla-
gen II matrices.29

Breinan et al.34 reported the results of using a collagen 
type II scaffold for management of articular cartilage 
defects in their canine study. They found that total defect 
fill was best with the AMIC group, compared with 2 other 
groups that had only microfracture done and the other that 
was seeded with chondrocytes.34

Gigante et al.16 reported that chondral lesions treated 
with AMIC augmented with bone marrow concentrate had 
a nearly normal morphologic appearance at second-look 
arthroscopy. The second-look biopsies from 5 patients with 
isolated medial femoral condyle lesions (mean size 3.7 cm2) 
at 12 months postsurgery had a mean histological score of 
60.16 (International cartilage Repair Society [ICRS] II his-
tology score range 0-100)

Chondrotissue (BioTissue, Switzerland)

Chondrotissue is an absorbable polyglycolic acid (PGA) 
textile treated with hyaluronan.31 In AMIC, the 
Chondrotissue scaffold acts as a sponge which holds the 
clot and MSCs within the defect.31

This hypothesis was reinforced by the work of Erggelet 
et al.21 who evaluated the combined use of microfracture 
and Chondrotissue matrix against microfracture alone for 
cartilage resurfacing in an ovine model. Six months after 
implantation, the histological scores documented improve-
ment with the AMIC technique, compared with the micro-
fracture group. They showed that the AMIC group had 
repair tissue with type II collagen and was rich in proteogly-
cans compared with the microfracture group that had fibro-
cartilage repair tissue.21

Hyalofast (Fidia Advanced Biopolymers, Italy)

Hyalofast is made from semisynthetic derivative of hyal-
uronic acid. Hyaluronic acid has been shown to induce 
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MSCs from the bone marrow to differentiate along the 
chondrogenic lineage.9,35

Hyalofast is nonwoven, porous, 3-dimensional structure 
consisting of 10- to 15-µm thick fibers. The interstices of 
variable sizes allow cell contact, cluster formation, and 
extracellular matrix deposition.36 It also helps entrap the 
MSCs. It is resorbed following the breakdown pathway of 
endogenous hyaluronic acid. Buda et al.27 and Vannini et 
al.28 used the Hyalofast matrix for in AMIC combined with 
PRP and MSCs.

Surgical Technique

The original AMIC technique was described by Benthien 
and Behrens10,12 and performed via an arthrotomy. The sur-
gery begins with an arthroscopy to verify the size and loca-
tion of the defect. Their indications for AMIC are 
symptomatic full thickness chondral or osteochondral 
lesions that do not exceed 1.5 cm2. For osteochondral 
lesions, they recommend harvesting the cancellous bone 
from the proximal tibia and impacted into the defect before 
the scaffold is attached on the defect.

After an assessment of the defect, the chondral lesion is 
debrided till a stable shoulder surrounds the cartilage defect 
(Figure 1). Microfracture was performed in the original 
technique using microfracture awls.12 Other authors 
describe subchondral drilling using 1.1 mm K-wires where 
multiple holes are drilled at 5-mm intervals37 (Figure 2).

The matrix is trimmed to the size of the defect. Most 
authors use a size that is slightly smaller than the actual 
lesion and others make multiple patches to cover the defect. 
If multiple patches are used, the patches are overlapped 
over each other. The ChondroGide matrix is moistened 
with physiological saline, and the Chondrotissue matrix is 
immersed in autologous serum10,19 (Figure 3).

The bilayer ChondroGide matrix is placed in the defect 
with the porous surface of the membrane (rough) is facing 
the bone surface. Fibrin glue (Tissucol, Baxter, Warsaw, 
Poland) is applied over the membrane-covered areas and 
left for 5 minutes to set10,12 (Figures 4 and 5). The knee is 

Figure 1. Preparation of the defect with stable shoulders 
around the defect.

Figure 2. Subchondral drilling with K-wires.

Figure 3. Preparing the ChondroGide matrix prior to 
implantation. Note the dots placed on the surface to indicate 
the nonporous side (ie, the side not on bone).
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then brought through a series of flexion and extension 
movements to check the stability of matrix in the defect 
before wound closure.

Some authors have reported the use of sutures to pre-
vent matrix from being dislodged.14 However, Hunziker 
and Stähli38 in their studies have suggested that suturing of 
the articular cartilage can induce local damage, with  
histology changes seen that are similar to the early 
osteoarthritis.

The mechanical stability of some scaffolds, such as 
Chondrotissue allows ease of handling and secure fixation 
with resorbable pins.30 Zantop et al.39 recommended the use 
of 1 or 2 biodegradable pins to fix the matrix when AMIC 
is used in larger chondral defects.

For the authors who use Hyalofast for AMIC, their tech-
nique is often supplemented with bone marrow–derived 
MSCs and PRP.27,28 They harvest 60 mL of bone marrow 
aspirate from the posterior iliac crest and this is processed 
with a cell separator to obtain 6 mL of bone marrow–derived 
MSCs. Together with PRP centrifuged from the patients’ 
blood, these MSCs and growth factors are delivered onto 
the Hyalofast matrix and inserted into the defect.

Piontek et al.19 described an all-arthroscopic variant to 
the AMIC technique. The authors make use of a punch to 
establish vertical shoulders at the site of the cartilage defect. 
The subchondral drilling of the lesion is performed via a dry 
arthroscopy.19 After an estimation of the lesion size, the 
matrix is inserted under dry arthroscopy. Fibrin glue is next 
applied to the membrane covered surface and then allowed 
to set.

In the postoperative phase, some authors recommend 
knee immobilization for a period of time.17 In addition, 
other authors limit the knee to non-weightbearing for 
between 2 and 6 weeks13,14,17,24,26-28 and Kusano et al.18 
allowed their patients partial weightbearing of 15 kg for 6 
weeks. Like other cartilage repair techniques, most authors 
only allow high-impact activities after 6 months and return 
to sports only after 1 year.13,14,17,24,26-28

Clinical Results

Ten studies that were published on the use of AMIC for 
knee chondral defects and the results of 219 patients are 
summarized in Table 1.5,13,14,17,18,23,24,26-28 The first 6 
reviewed studies made use of ChondroGide as the  
matrix.5,13,17,18,23,26

In 2010, Gille et al.17 reported the results of 32 chondral 
lesions in 27 patients treated with AMIC at a mean of 37 
months. In their technique, they kept the patients on pro-
tected weightbearing for 6 weeks. They reported significant 
improvement in Lysholm, Tegner, and ICRS scores that 
was observed as early as 12 months after AMIC. The post-
operative magnetic resonance images (MRIs) showed mod-
erate to complete filling in most cases. They also reported 
that male patients had significantly higher ICRS scores than 
female patients.

Gille et al.26 evaluated 57 patients at 2 years after sur-
gery as part of the ChondroGide AMIC Registry. This reg-
istry group studied included their original series of 
patients.17 Using Lysholm and visual analog scale (VAS) 
scores, they reported significant improvement in both 
parameters. They concluded that AMIC was a safe and 
effective method of treating symptomatic chondral defects 
in the knee.26

Kusano et al. evaluated the clinical and MRI outcomes 
of 38 patients treated with AMIC, at a mean of 29 months 
(13-51 months) after surgery. Even though they reported 
that the tissue fill was not complete in most cases, they 
found significant improvements in IKDC, Lysholm, Tegner, 

Figure 4. Defect covered with the ChondroGide matrix.

Figure 5. Femoral condyle defect with a ChondroGide matrix.
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and VAS pain scores. The largest improvements were found 
in the osteochondral subgroup.18

Panni et al.5 prospectively evaluated 17 patients treated 
with AMIC for focal cartilage defects. At a mean follow-up 
of 36 months, the subjective IKDC and Lysholm scores 
improved from 32 to 82 and from 38 to 74, respectively. 
The follow-up MRIs showed a reduction of the defect area 
in 59% of the cases.

Pascarella et al.23 reported that the preoperative IKDC 
score of 30 improved to 83 and the preoperative Lysholm 
score of 54 improved to 98 at 24 months after AMIC sur-
gery in 19 patients. Ten postoperative MRIs (53% of cohort) 
showed a significant reduction of the chondral defect area.23 
Dhollander et al.13 also reported improvements in Knee 
Injury and Osteoarthritis Outcome Score (KOOS), VAS, 
and Tegner scores in their 2-year results of AMIC com-
bined with PRP for the treatment of patellar cartilage defect, 
using the ChondroGide collagen matrix.

Siclari et al.24 evaluated 52 patients that had arthroscopic 
AMIC with Chondrotissue and PRP for articular cartilage 
defects of the knee. The KOOS subscores improved for 
pain (from 55 to 91), symptoms (from 57 to 88), activities 
of daily living (from 69 to 86), sports and recreation (from 
36 to 70), and quality of life (from 38 to 73). The histologic 
evaluation showed a homogenous hyaline-like cartilage 
repair tissue.24

Dhollander et al.13 reviewed their results of 5 patients 
treated with the AMIC using the Chondrotissue (BioTissue, 
Switzerland) matrix fixed with a bioabsorbable screw. They 
found that the patients had a gradual clinical improvement 
in KOOS, VAS, and Tegner activity scale during the 2-year 
follow-up.

Using the Hyalofast matrix, Buda et al.27 and Vannini et 
al.28 published the outcome studies of their version of 
AMIC. Buda et al.27 reported improved IKDC and KOOS 
scores as well as 70% complete repairs of the defects on 
follow-up MRIs at 24 months. Vannini et al.28 reported the 
use of this technique for the treatment of 6 osteochondritis 
dissecans with large improvements in IKDC scores and 4 
out of 6 complete repairs on follow-up MRIs at 3 years.

Discussion

Knutsen et al.40 had reported that microfracture techniques 
produce results comparable to autologous chondrocyte 
implantation (ACI). However, Mithoefer et al.41 found that 
the initial improved knee function after microfracture was 
not sustained. They suggested that the shortcomings of 
microfracture were limited hyaline repair tissue, variable 
repair cartilage volume, and gradual functional deteriora-
tion. With AMIC surgery, Gille et al.17 reported that the 
results remained stable up to 60 months.

The initial results of ACI by Peterson et al.42 reported 
good to excellent outcomes in 76.5% of patients. Various 

authors have also reported good outcomes in 72% to 87% of 
patients treated with ACI and matrix ACI (MACI) for chon-
dral defects.42-45 From the results of 10 AMIC studies, the 
improvements in KOOS, Subjective IKDC, Lysholm, and 
Tegner scores at 2 years were comparable to published 
results from ACI and MACI techniques.5,13,14,17,18,23,24,26-28

These encouraging outcome results and the concept of a 
single-stage cartilage resurfacing technique are attractive 
for many sports surgeons. However, there are many factors 
from a basic science standpoint that are not completely 
understood in AMIC.

The cartilage repair from AMIC is postulated to be from 
MSC chondrogenesis. De Girolamo et al.15 studied bone 
marrow samples, from iliac crest and microfracture sites; 
0.04% of concentrated bone marrow cells harvested from 
the iliac crest had MSC phenotype, compared to 0.02% at 
microfractures sites.15

In ACI, the chondrocyte density required for treatment is 
106 cells per cm2.46 The cell density required for chondro-
genesis from MSC is thought to be higher than ACI.30,40, 46 
These studies highlight the benefit of using a matrix to con-
centrate the MSCs within the defect in the AMIC 
technique.

Using a rabbit model comparing microfracture awls ver-
sus subchondral drilling, Chen et al.47,48 reported that sub-
chondral drilling does not have a deleterious effect on the 
subchondral bone. Instead it helps gain better access to the 
bone marrow stroma.47,48 The authors also suggested that 
drilling to a depth of 6 mm had superior results in an animal 
model compared with drilling to 2 mm.47

The ideal scaffold for cartilage resurfacing is still a mat-
ter of debate. When we look at the outcome studies of these 
3 matrices: ChondroGuide, Chondrotissue, and Hyalofast, 
they all have comparable clinical results as well as follow-
up MRI. However, the ChondroGide matrix is more well 
studied and has the most published literature when com-
pared with the other 2 matrices.

From the basic science perspective, various authors sug-
gest that hyaluronic acid–enriched microenvironment 
seems to induce chondrogenesis.49,50 Wu et al.49 found that 
the addition of hyaluronic acid to a poly-l-lactic-co-gly-
colic acid (PLGA) scaffold produces higher levels of gyl-
coaminoglycans and collagen type II compared with those 
cultures in a PLGA scaffold. Erickson et al.50 reported that 
the use of hyaluronic acid hydrogel led to a high density of 
MSC seeding and the engineered cartilage had native tissue 
properties.

However, Welsch et al.20 has shown that the repair tissue 
was better with the collagen based scaffold than the hyal-
uronic acid–based scaffold at 2 years of follow-up based on 
MRI scoring and T2 mapping. In addition, Gille et al.29 
tested the biomechanical behavior stability of PGA and 
PLGA, collagen membranes and gel matrices by loading in 
tension until failure. They found that the PGA scaffolds 
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withstood the highest failure loads with all fixation tech-
niques, compared with the PLGA scaffold and collagen 
membranes.29

There has been a trend toward the use of PRP and MSC 
to supplement the AMIC technique. This has led to some 
confusion as these were called AMIC plus techniques. PRP 
has shown to stimulate cartilage repair after microfracture 
in a sheep model.51

In their rabbit animal model, Qi et al.52 reported that the 
group with PRP and collagen scaffold had the largest 
amount of cartilage repair tissue compared with the group 
with the collagen scaffold alone. They suggested that the 
addition of PRP could possibly resurface a large chondral 
defect.52 The other question that needs to be answered is the 
type of PRP that has best chondrogenesis. Filardo et al.53 
found similar improvements in the subjective scores at 12 
months after intra-articular injection of single and double 
spinning of PRP for osteoarthritis.

From our review, we find that there is a need to standard-
ize reporting of the AMIC technique. This will enable future 
comparison to determine the efficacy of these techniques 
and determine if various technical variations can potentially 
affect outcomes. The technical factors that should be 
reported are

1. arthroscopic or open surgery
2. method of subchondral drilling or microfracture
3. type of matrix or scaffold used
4. matrix is seeded with PRP or bone marrow stem cells
5. fixation of the matrix or scaffold
6. postoperative rehabilitation program

In addition, we suggest that the outcome measures 
should be standardized. The commonest outcome instru-
ments are the KOOS, Lysholm, Tegner, and IKDC scor-
ing. We suggest that these 4 instruments should be used in 
all studies at a minimum at 1 year and 2 years to allow 
comparison.

Most studies use the MRI protocol for cartilage assess-
ment such as the modified MOCART score by by Marlovits 
et al.54,55 This should be continued to allow for comparison 
of follow-up radiographic studies. The modified MOCART 
score takes into account that subchondral lamina perforation 
is part of the AMIC technique and its integrity cannot be 
evaluated as suggested in the original MOCART scoring.

The key limitation for AMIC is its use in larger defects. 
Minas et al.41 also reported that the results of ACI in defects 
that had prior microfracture failed at 3 times the rate of non-
treated defects. The authors suggest that marrow stimula-
tion techniques may have a negative effect on subsequent 
ACI surgery. Therefore, AMIC should be used judiciously 
in larger cartilage defects that may require future treatment 
with ACI. As such, the authors do not recommend the 
AMIC technique in large cartilage defects.

Conclusion

Our review of the current state of the AMIC technique sug-
gests that this is a promising cartilage resurfacing tech-
nique. The outcome scores and MRI results are comparable 
to other cell-based cartilage methods. It should be pointed 
out that we still lack understanding on the ideal conditions 
for chondrogenesis.
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