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Abstract
Purpose The purpose of this study was to perform a systematic review of randomized controlled trials comparing the results 
of matrix-induced chondrogenesis with other therapies for local chondral lesions of the knee.
Methods A systematic search for randomized controlled trials (RCT) about matrix-induced chondrogenesis for focal chon-
dral lesions in the knee was performed according to the PRISMA guidelines. Data source was PubMed central, EMBASE 
and Google scholar.
Results Five articles could be included, whereas two originated from the same study group. Three studies compared matrix-
induced chondrogenesis to microfracture (MFx) only. One trial compared  AMIC® to collagen-covered autologous chondro-
cyte implantation (ACI-C). One study assessed the improvements given by the combination of  AMIC® with bone marrow 
aspirate concentrate (BMAC). In three studies, clinical improvements compared to baseline were seen at 2-year postopera-
tion, irrespective of the technique used. After 5 years, one trial showed better results for the  AMIC® group compared to 
MFx, including MRI defect filling. One study showed also good results after  AMIC® with faster recovery for patients with 
 AMIC® + BMAC 12 months postoperatively.
Conclusion Results of RCTs comparing matrix-induced chondrogenesis with other treatment options showed that matrix-
induced chondrogenesis is a valid and safe cartilage repair option for small- to medium-sized cartilage defects of the knee. 
This one-stage surgical technique presents a good alternative for patients.
Level of evidence I.

Keywords Regeneration-promoting techniques · Matrix-induced chondrogenesis · Degenerative joint damage · Local 
cartilage damage

Introduction

The hyaline articular cartilage has an important function 
for the joints of the musculoskeletal system, as it enables 
the transmission of forces and at the same time guarantees 
the smooth movement of the joint partners. For this reason, 
cartilage damage can lead to a severe functional restriction 
and, depending on the size, may result in osteoarthritis in the 
long term. Various surgical methods are currently available 
for the treatment of local cartilage damage [2]. The selection 

of the appropriate procedure is primarily based on the size 
and depth of the defect as well as age and degree of activity 
of the patient [10]. In the case of chondral damage, accord-
ing to the working group “Clinical Tissue Regeneration” of 
the German Society of Orthopaedics and Trauma (DGOU), 
the indication for autologous cartilage cell transplant is 
seen from a defect size of more than 2.5  cm2. Microfracture 
(MFx) is recommended in the case of a defect smaller than 
2.5  cm2 or in patients with low to moderate activity level 
[10, 23]. Both techniques, MFx and autologous chondrocyte 
transplantation (ACT), have drawbacks. One disadvantage 
of MFx is the inferior quality of the tissue, which might 
lead to unfavorable long-term results [21]. The disadvantage 
of ACT is that this procedure has to be carried out in two 
stages (1. arthroscopic removal of tissue samples and 2. open 
reimplantation of the matrix populated with chondrocytes).
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To improve the results after MFx, matrix-based chon-
drogenesis has been developed in recent years as one-stage 
surgical technique which should combine the advantages of 
both procedures. The matrix is intended to offer the cells 
three-dimensional growth conditions to promote the dif-
ferentiation of progenitor cells towards chondrocytes. Fur-
thermore, it offers the cells protection against mechanical 
overload.

There are different matrices available for this procedure. 
The most popular option is a type I/III collagen membrane 
(Chondro-Gide®, Geistlich Pharma). The surgical technique 
with the Chondro-Gide® membrane is known as autologous 
matrix induced chondrogenesis (AMIC™). Other matri-
ces consist of hyaluronic acid  (chondrotissue®, BioTissue; 
 Hyalofast®, Anika). The stem cells in matrix-supported 
chondrogenesis can derive from two different sources: 1. 
from the subchondral bone opened by microfracture or drill-
ing or 2. from a source remote from the joint (e.g., iliac crest 
aspirate).

Animal experiments have confirmed the principle of 
matrix-based chondrogenesis [7, 8]. In a preclinical study 
in sheep, the implantation of a cell-free PGA hyaluronic 
acid matrix  (chondrotissue®, BioTissue) after MFx showed 
significant improvement in regeneration compared to classic 
treatment with MFx alone [8].

The clinical experience with this new procedure has 
been positive so far and various studies reported encourag-
ing results [11, 19, 25, 27]. Most of these studies were case 
series and cohort studies. In the last few years, however, 
various controlled randomized studies (RCT) on this method 
have been published.

Aim of this systematic review was to analyze RCTs of 
patients with small to medium-size chondral lesions of the 
knee treated with matrix-induced chondrogenesis. Further 
objective was to find out if this method is associated with 
any side effects. Regarding the outcome, it was hypothesized 
that matrix-induced chondrogenesis is a valid and safe car-
tilage repair option for focal cartilage defects of the knee.

Materials and methods

Search details

Between May 15, 2020 and July 30, 2020, a systematic liter-
ature search was carried out in various databases (PubMed, 
MEDLINE, EMBASE, Scopus, Google scholar) to identify 
peer reviewed articles about matrix-induced chondrogen-
esis of the knee according to the PRISMA guidelines. The 
PRISMA statement consists of a 27-item checklist and a 
four-phase flow diagram [14, 22]. Matrix-induced chondro-
genesis of the knee was defined as one-step surgical pro-
cedure for repair of local cartilage defects using a matrix 

without cultivation of chondrocytes. Prior to that, the study 
was registered at PROSPERO, an international database of 
prospectively registered systematic reviews [4]. For this sys-
tematic review, different keywords were utilized: autologous 
matrix-induced chondrogenesis (AMIC), cell-free collagen 
type I matrix, polymer-based implant/matrix, collagen-
covered microfracture and matrix-augmented bone marrow 
stimulation. When a study of interest was found, related 
articles were searched. After identifying those articles, all 
references were screened for additional relevant publications 
(Fig. 1).

Inclusion and exclusion criteria

The following inclusion criteria were applied:

• randomized controlled trial;
• trials reporting clinical outcome after autologous matrix-

induced chondrogenesis in the knee;
• comparison of at least two treatment techniques;

autologous matrix-induced chondrogenesis:     110
 914 :CIMA

cell-free collagen type I matrix: 40 
polymer-based implant: 445

164:xirtam desab-remylop
collagen-covered microfracture: 1
matrix-augmented bone marrow stimulation:        4

5 randomized controlled trials for
final analysis:
1. Anders et al. 2013 
2. Volz et al. 2017 
3. Fossum et al. 2019 
4. De Girolamo et al. 2019 
5. Glasbrenner et al. 2020 

Inclusion criteria:
1. Randomized  controlled trial. 
2. Trials reporting clinical outcome after 

autologous matrix-induced chondrogenesis in 
the knee.

3. Comparison of at least two treatment 
techniques.

4.  English language reports.
5.  Publication in a peer reviewed journal.

Exclusion criteria:
1. A number of patients less than 20. 
2. A Jadad score of < 3.
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Fig. 1  Flowchart of included studies
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• English language reports;
• publication in a peer reviewed journal.

All criteria should have been satisfied for inclusion in this 
systematic review.

All papers qualified for inclusion were read by the review-
ers and checked for one of the following exclusion criteria:

• number of patients less than 20;
• Jadad score ≤ 3.

In case of implementation of at least one exclusion crite-
rion the study was excluded.

Two reviewers (WP, KK) performed the initial study iden-
tification, secondary study screening and final determination 
of eligibility and study inclusion. Both reviewers were also 
involved in the analysis of the articles.

Analysis

If two separate studies with the same authors and interven-
tion as well as the same patient collective revealed a differ-
ent follow-up, both publications were analyzed separately 
if a different follow-up or different outcome measures 
were reported but both publications were counted as one 
clinical trial. For the analysis, also the appendices of the 
included study and publications of the study design were 
deconstructed.

After extraction of all studies’ data, a brief tabular narra-
tive of each investigation was presented. Data of this tables 
included (1) first author and year of publication, (2) number 
of study centers, (3) country, (4) study conducted, (5) num-
ber of patients, (6) mean age, (7) matrix used, (8) fixation 
technique, (9) outcome scores, (10) study design and level 
of evidence, (11) follow-up and (12) defect size (Table 1). 
Additional tables were added to illustrate the scores for qual-
ity assessment (Table 2) as well as the results (Tables 3, 4).

Study quality and limitations

Each article was analyzed for limitation and bias by all 
reviewers. For the quality assessment, information has been 
extracted from the original article, from published appendi-
ces or study protocols. Study quality has been analyzed with 
the Jadad score [15] and with the Coleman methodology 
score [5].

Primary and secondary endpoints

Primary endpoint of this systematic review was the group 
difference in the patient reported outcome measures (PROM) 
of the treatment as reported in the studies in comparison 
to the control group. Secondary endpoints were the results 

of postoperative MRI and other clinical scores such as the 
Lysholm or ICRS score which include ratings by examiner 
and patient.

Results

Search results and study design

The search results are shown in Fig. 1. Detailed information 
about the study designs is provided in Table 1. Out of 1480 
articles of one step matrix augmented cartilage repair, many 
had to be excluded due to duplicate publications or missing 
failure rate.

A total of five articles were identified that reported about 
results after matrix augmented cartilage repair [1, 9, 12, 13, 
29]. Two articles were about one clinical trial with differ-
ent follow-up [1, 29]. Therefore, four randomized controlled 
studies on single-stage matrix-assisted chondrogenesis could 
be analyzed in this systematic review.

One trial compared a microfracture covered by type I/III 
collagen membrane  (AMIC®) to only microfracture (MFx) 
[1, 29]. One study compared cartilage repair by microf-
racture and a membrane made of a composite of polygly-
colic (PGA) and hyaluronic acid (HA)  (chondrotissue®) to 
MFx alone [13]. In this study the PGA/HA membrane was 
soaked in autologous plasma. One trial compared AMIC™ 
to collagen-covered autologous chondrocyte implantation 
(ACI-C) [9]. One study assessed the improvements given 
by the combination of  AMIC® with bone marrow aspirate 
concentrate (BMAC) [12]. All trials used arthroscopy and/or 
a mini-arthrotomy as approach to the defect size of the knee 
[1, 9, 12, 13, 29]. The matrix used was fixated either with 
sutures, glue or resorbable pins. The size of the cartilage 
defect varied with a maximum of 10  cm2 [1] with either one 
or two defects femoral and/or patellar.

Study quality and limitations

Only RCTs were included in this systematic review. Quality 
assessment of the studies with the Jadad and the Coleman 
methodology score is shown in Table 2. The Jadad score 

Table 2  Quality assessment

First author and year of publication Jadad score Coleman score

Anders et al. [1] 4 98
Volz et al. [29] 4 101
Fossum et al. [9] 4 103
De Girolamo et al. [12] 4 107
Glasbrenner et al. [13] 4 100
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ranges from 3 to 4 points. The modified Coleman methodol-
ogy score ranges between 98 and 107.

Varus or valgus malalignment was excluded in all stud-
ies. Only two trials differentiated the outcome measures into 
primary and secondary endpoints [9, 13]. Blinding was an 
issue for all trials as a matter of the study design: the sur-
geons performing the operation could not be blinded as well 
as the patients if there was a difference between treatment 
groups if either arthroscopy or arthrotomy was performed. 
Just one study used arthroscopy only and could, therefore, 
be described as single-blinded [13].

Primary outcome measure

Primary outcome measure in this systematic review was the 
outcome in PROMs of the treatment group in comparison 
to the control group. Several distinct outcome scores were 
used in the different studies (Table 1).

KOOS

The Knee Injury and Osteoarthritis Outcome Score (KOOS) 
was used in three RCTs [9, 12, 13]. In none of these stud-
ies with a follow-up of 2 years a group difference between 
matrix augmented chondrogenesis and the control group was 
observed.

In the study of Fossum et al., comparing  AMIC® and 
ACI-C, the mean KOOS improved from baseline for both 
groups  AMIC® and ACI-C at both follow-ups after 1 and 2 
years postoperative. The mean delta for all KOOS subscales 
at 2 years was higher in the AMIC group, but the difference 
was not statistically significant [9].

The same was observed in the trial by de Girolamo et al., 
where  AMIC® plus MFx was compared with  AMIC® plus 
bone marrow aspirate concentrate (BMAC). In this study 
the KOOS increased in both groups without a group differ-
ence [12].

The study by Glasbrenner et al. compared a matrix of 
PGA/HA and MFx with MFx alone with a 2-year follow-up. 
In this study, there was also a significant improvement over 

time in both groups concerning the KOOS without a group 
difference [13].

Cincinatti score

In the trial comparing MFx and  AMIC® with MFx alone a 
modified Cincinnati score was used comparing results after 
2 and 5 years, respectively [1, 29]. At 2-year postoperatively, 
mean Cincinnati scores increased significantly from baseline 
values for all groups (MFx, sutured or glued  AMIC®) with-
out significant difference between the groups [1]. After 5 
years, a significant decrease was observed in the MFx group, 
whereas the scores improved further for the  AMIC® group 
[29].

IKDC

The objective International Knee Documentation Commitee 
Form (IKCD) was assessed in two trials [12, 13].

In one study, the score improved for both groups  AMIC® 
as well as  AMIC® + BMAC 6 months after surgery. Later, 
patients treated with the standard  AMIC® technique did 
not show further improvements, whereas patients in the 
 AMIC® + group improved constantly until the 24-month 
follow-up with significant difference to the pre-operative 
status for both groups [12].

The other trial showed gradual increase of the IKDC 
score in both groups treated either with MFx or  AMIC®. A 
significant increase from baseline was only documented at 
weeks 54 and 108 for both treatment groups but not between 
groups at all follow-up time points [13].

Pain/VAS score Pain level was evaluated in all RCTs [1, 9, 
12, 13, 29].

Compared with the pre-operative state, pain was rated 
as less severe at 1 and 2-year postoperation for both the 
 AMIC® and the MFx group [1]. After 5 years, AMIC® 
treated patients still reported a very low pain level, whereas 
pain increased in the MFx group, but with no statistical sig-
nificant difference [29].

Table 4  MRI results

First author and year of publication Results

Anders et al. [1] MRI assessment revealed a satisfactory and homogenous defect filling in the majority of patients
Volz et al. [29] At two and five years, MRI defect filling was more complete in the  AMIC® groups
Fossum et al. [9] –
De Girolamo et al. [12] MRI revealed consistent cartilage repair at 24 months in both groups
Glasbrenner et al. [13] MRI scans confirmed cartilage repair tissue formation in both groups 12 weeks after treatment. 

There was no significant difference between the m-BMS and MF groups in the percentage of 
defect filling at 12, 54, and 108 weeks postoperatively
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Comparing  AMIC® with  AMIC® + BMAC, VAS score 
significantly improved 6 months after operation in both 
groups [12]. At the 12-month follow-up, patients treated 
with  AMIC® + demonstrated a significantly lower pain score 
with respect to the  AMIC® group. This difference was no 
longer detectable at the 24-month follow-up and a minimum 
level of pain remained up to 100 months of follow-up for 
both groups [12].

Also, for  AMIC® and ACI-C, the mean VAS score 
improved from baseline at both follow-ups 1- and 2-year 
postoperation, but the findings were not significant [9].

Another RCT showed no significant difference in terms 
of pain intensity between groups treated either with  AMIC® 
or MFx at each follow-up. Nevertheless, as compared with 
the preoperative situation, patients reported better pain relief 
at 6, 12, 54, and 108 weeks after treatment with m-BMS in 
contrast to MFx [13].

36‑item short form health survey

Evaluating the 36-Item Short Form Health Survey in one 
study, there was no significant difference in the outcome 
between patients treated with m-BMS or MFx. Treatment 
with MFx did not show a significant improvement in any 
of the subcategories of physical health. The m-BMS group 
showed a significant increase in social functioning and emo-
tional role limitations. In contrast, MFx led to a significant 
increase in only emotional role limitations after 54 and 
108 weeks [13].

Secondary outcome

Secondary outcome criteria were the defect filling on MRI, 
other clinical scores or adverse effects.

MRI

Three studies assessed the degree of defect filling and inte-
gration of the regenerate postoperatively [1, 12, 13, 29].

The quality of the regenerate surface and defect cover was 
similar for the MFx group as well as the  AMIC® group with 
a trend towards reduced surface quality, but better defect 
cover in the glued  AMIC® group after 1 year [1]. In addition, 
at 2 year postoperatively, defect filling was largely compara-
ble between the groups without statistical significance [1]. 
At 5-year postoperation, the defect filling was the lowest in 
the MFx group compared to  AMIC® treated groups [29].

These results are comparable to the RCT of Glasbrenner 
et al., where MRI revealed progressive defect filling in terms 
of cartilage repair tissue formation in both treatment.

groups with no significant difference between the m-BMS 
and MFx at postoperative 108 weeks [13]. However, changes 

in overall Henderson score were significantly higher at week 
12 and week 108 in the m-BMS group as compared with the 
MFx group [13].

Another RCT also observed an improved surface appear-
ance and MRI signal after 2 years for patients treated with 
AMIC® + compared to preoperative status 12 months after 
surgery [12].

Other clinical scores

A modified International Cartilage Repair Society (ICRS) 
Score was used in one RCT comparing results of  AMIC® 
versus MFx only after 2 and 5 years [1, 29].

With regard to the functional status, all patients rated it 
as improved at 1 year postoperatively compared to base-
line. At 2-year postoperation, only two patients deteriorated 
from normal to nearly normal (sutured  AMIC®). The assess-
ments performed by the surgeon including classification of 
the affected knee, crepitation and functional status showed 
no statistical significances between the groups [1].

At 5 years, in the MFx group, two thirds of the patients 
rated their status as abnormal, whereas in the  AMIC® group, 
severe ranking was only reported by 6–7% of the patients.

Regarding the objective functional status after 5 years, 
two thirds in the MFx group and 0–7% in the  AMIC® groups 
were rated as abnormal/severely abnormal.

Summarized, almost 100% of the  AMIC® treated patients 
had improved to a normal or nearly normal functional status, 
whichever assessment was made [29].

The Lysholm score, a validated patient-administered 
instrument to measure symptoms and function in patients 
with knee injuries [18], measures activities of daily liv-
ing and was assessed in two RCTs [9, 12].

Comparing  AMIC® with ACI-C after 1 and 2 years, the 
mean Lysholm score improved from baseline at both follow-
ups, with the mean delta Lysholm score being higher in the 
 AMIC® versus the ACI-C group at 2 years, but with no sta-
tistical difference [9].

Analyzing the different outcome after  AMIC® and 
 AMIC® + , Lysholm score improved in both groups 6 and 
12 months after surgery, with significance in favor of the 
 AMIC® + group. After 24 months from surgery both groups 
presented significant Lysholm score improvements with 
respect to baseline. At the 60- and 100-month follow-ups, 
a slight progressive reduction of this score was observed, 
although  AMIC® + patient scores always remained signifi-
cantly higher compared to baseline [12].
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Adverse events and drop‑outs

Side effects were analyzed in all RCTs. In all studies, the 
rate of adverse events in both groups to compare was low 
[1, 9, 12, 13, 29].

No serious adverse events were reported for the trial 
comparing  AMIC® to MFx alone [1, 29]. After 1 year, one 
patient receiving glued AMIC® dropped out of the study, 
because he received a total knee replacement and another 
patient of the MFx group received ACI after 1 year. Fur-
thermore, 13 adverse events in nine out of 47 patients were 
mentioned without closer description [29].

Another trial also reported a total knee replacement in 
two patients 2 years after  AMIC® [9]. One patient of the 
 AMIC® group of a further study developed synovitis [12].

One trial reported one severe adverse event each group—
one infected haematoma of a knee treated with m-BMS, 
which was addressed with arthroscopical lavage and intra-
venous antibiotics, and one instable cartilage regenerate in 
the MFx group which was, therefore, treated with MACI in 
the following and excluded from the study [13].

Discussion

The most important finding of the present systematic review 
is that matrix-based chondrogenesis is a safe and effective 
procedure for the treatment of local chondral defects in the 
knee. Five articles about four randomized controlled clinical 
trials could be included.

In two studies that compared matrix-augmented chon-
drogenesis with MFx, no difference in the PROMs could 
be seen after 2 years. After 5 year follow-up, however, the 
Cincinatti score decreased significantly in the MFx group 
compared to the  AMIC® group [24]. At 5-year postopera-
tion, the defect filling was the lowest in the MFx group com-
pared to  AMIC® treated groups [29]. In both studies, the 
tissue quality determined by MRI was better after cartilage 
repair with matrix augmented chondrogenesis than after 
MFx. In the study by Volz et al. defect filling was lower in 
the MFx group compared to  AMIC® treated groups [29]. In 
this study, the poorer tissue quality after MFx in the MRI 
correlates with the poorer values in the Cincinatti Score.

In the RCT of Glasbrenner et al., changes in overall Hen-
derson score were significantly higher at week 12 and week 
108 in the m-BMS group as compared with the MFx group 
[13]. In this study, there was no difference in KOOS between 
the two treatment groups, which might be due to the small 
number of cases or a too short follow-up period to see any 
effect in the clinical scores. This is supported by the results 
of Anders et al. with a follow-up of 2 years, where no dif-
ference between groups in terms of clinical improvement 
was shown [1].

Fossum et al., investigating the results of  AMIC® in com-
parison to ACI-C with KOOS as primary outcome and a 
2-year follow-up, detected significantly improved scores in 
comparison to baseline without distinction within the groups 
for all assessed scores [9]. In this study, the defect size was 
roughly the same with 4.9  cm2 in the  AMIC® group and 
5.2  cm2 in the ACI-C group. Further studies are necessary to 
find out whether one or the other procedure performs better 
after a longer follow-up period.

The origin of the repair cells in matrix augmented carti-
lage repair is currently being debated. With this in mind, the 
study by Girolamo et al. is of interest, in which the outcome 
after  AMIC® compared to  AMIC® enhanced with bone mar-
row aspirate concentrate  (AMIC® +) was examined [12]. 
After 12 months, patients treated with AMIC® plus bone 
marrow aspirate showed higher Lysholm scores and lower 
VAS scores compared to standard  AMIC®. In the long term, 
however, there was no significant difference in the clinical 
scores between both treatment modalities. It can, there-
fore, be concluded that the protection of the subchondral 
bone in the bone marrow augmented group leads to faster 
recovery after one step matrix augmented cartilage repair. 
In this study, too, it must be criticized that the number of 24 
patients at the last follow-up was probably too low to detect 
a difference in the clinical scores [12].

All studies excluded patients with varus or valgus mala-
lignment and ligamentary instabilities which might affect the 
outcome after cartilage repair [20, 28]. It has been shown 
by Bode et al. that even in deformities of less than 5° varus, 
high tibial osteotomy (HTO) leads to longer survival rates 
[3].

A previous systematic review, investigating RCTs on sur-
gical treatments of cartilage defects of the knee, came to the 
conclusion that on the long term, larger lesions (> 4.5  cm2) 
treated with cartilage regenerative techniques (ACI/MACI) 
had better outcomes than with MFx. [6]. Against this back-
ground, it seems interesting that the mean defect size in the 
analyzed studies varies between 0.5 and 10  cm2.

All the studies that were analyzed were controlled ran-
domized studies and, therefore, correspond to the highest 
level of evidence. Nevertheless, several limitations in the 
RCTs which could be included in this systematic review 
could be found. One obvious limitation is the lack of fea-
sible blinding for the surgeon as well as the patients, since 
in most studies, the matrix augmented chondrogenesis was 
performed in an open fashion via a small incision, whereas 
microfracture was performed arthroscopically. Only in the 
study by Glasbrenner et al. both procedures were performed 
arthroscopically [13]. However, no blinding was performed 
in this study either. Another limitation is the small num-
ber of patients. This means that there is only limited power 
to find differences in the clinical scores. Recruitment of 
patients and selection bias is a well known limitation of 
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RCTs [17]. If eligible patients for the study could have the 
choice between MFx only and MFx with additional matrix-
augmentation, e.g., they would probably prefer the operation 
pretending “more” treatment. That means that no follow-up 
of the patients preferring not to enter the study can be done. 
Selection bias is assumed when the recruitment rate is below 
80% [5]. Therefore, findings of studies with a recruitment 
rate below 80% should only be generalized cautiously [26]. 
Another limitation of the included RCTs is that no study 
has carried out systematic evaluations of cartilage biopsies. 
Histological analyzes provide the best information about 
tissue quality. A comparison with autologous chondrocyte 
implantation would be particularly interesting here. It is 
also of concern that two studies used the Lysholm score 
as outcome measurement [9, 12]. The Lysholm score was 
originally developed for the assessment of patients with liga-
mentous instability. Hence this score might not be the first 
choice for the evaluation of outcome after matrix-induced 
chondrogenesis. A further flaw of the included studies is 
that in no study surgical process quality was controlled. A 
surgical treatment as variable in a clinical trial is more com-
plex than, e.g., a pharmacological treatment [16, 26]. This 
is why surgical process quality must be controlled and more 
effort should be given to describe and standardize the surgi-
cal technique, given important surgical details such as the 
use of tourniquet, the experience of the surgeon and the use 
of photos or videos for documentation.

Conclusion

This systematic review could show that RCTs comparing 
matrix-induced chondrogenesis with other treatment options 
indicated that matrix-induced chondrogenesis is a valid and 
safe cartilage repair option for small- to medium-sized car-
tilage defects of the knee. This surgical procedure spares a 
second operation for the patient and will lower the clinical 
costs compared to autologous chondrocyte implantation. 
Despite all limitations, the clinical evidence is currently 
sufficient to further pursue the approach of matrix-based 
chondrogenesis. It is a safe procedure for the treatment of 
local chondral defects, which might be superior to pure 
microfracturing in the medium term. Recent developments 
concern the use of stem cells in combination with a matrix. 
Here too, the results so far are promising.
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