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Abstract Articular cartilage defects heal poorly. Autol-

ogous Matrix-Induced Chondrogenesis (AMIC) is an

innovative treatment for localized full-thickness cartilage

defects combining the well-known microfracturing with

collagen scaffold and fibrin glue. The purpose of this

prospective study was to evaluate the medium-term results

of this enhanced microfracture technique for the treatment

of chondral lesions of the knee. Thirty-two chondral lesions

in 27 patients were treated with AMIC. Within the context

of clinical follow-up, these patients were evaluated for up

to 5 years after the intervention. Five different scores

(Meyer score, Tegner score, Lysholm score, ICRS score,

Cincinatti score) as well as radiographs were used for

outcome analysis. Articular resurfacing was assessed by

magnetic resonance imaging (MRI). The average age of

patients (11 females, 16 males; mean body mass index 26,

range 20–32) was 37 years (range 16–50 years). The mean

defect size of the chondral lesions was 4.2 cm2 (range 1.3–

8.8 cm2). All defects were classified as grade IV according

to the Outerbridge classification. The follow-up period was

between 24 and 62 months with a mean of 37 months.

Twenty out of 23 individuals (87%) questioned were sub-

jectively highly satisfied with the results after surgery.

Significant improvement (P \ 0.05) of all scores was

observed as early as 12 months after AMIC, and further

increased values were notable up to 24 months postoper-

atively. MRI analysis showed moderate to complete filling

with a normal to incidentally hyperintense signal in most

cases. Results did not show a clinical impact of patient’s

age at the time of operation, body mass index and number

of previous operations (n.s.). In contrast, males showed

significant higher values in the ICRS score compared to

their female counterparts. AMIC is an effective and safe

method of treating symptomatic full-thickness chondral

defects of the knee in appropriately selected cases. How-

ever, further studies with long-term follow-up are needed

to determine whether the grafted area will maintain struc-

tural and functional integrity over time.
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Introduction

The limited healing potential of articular cartilage is a well-

known problem in orthopedic surgery [28]. Cartilage

degeneration may be accompanied by pain, immobility,

stiffness, loss of quality of life and can potentially lead to

severe osteoarthritis in the long term. Recently, a variety of

surgical techniques that aim for resurfacing and regener-

ating of the articular cartilage have evolved. Since the
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clinical introduction of ACI by Brittberg et al. [7], a variety

of clinical studies have documented the clinical effective-

ness of implanting autologous culture-expanded chondro-

cytes for the regeneration of cartilage [28]. For classical

ACI, a periosteal flap or a collagen sheet is sutured to the

surrounding healthy cartilage rim, creating a reservoir for

the injection of the autologous chondrocyte cell suspen-

sion. The need for an intact cartilage rim limits the use of

classical ACI to some regions of the knee [19]. Further-

more, the periosteal graft covering the defect gave rise to

problems [30]. To overcome the intrinsic technical disad-

vantages of classical ACI, cartilage tissue engineered grafts

were developed that use the regenerative potential of

autologous chondrocytes with three-dimensional scaffolds

to stabilize the graft. Meanwhile, clinical results show the

safety and effectiveness of collagen-based autologous

chondrocyte grafts for the repair of cartilage defects [2].

However, cutting and repeated manipulation of the seeded

membrane may result in the loss of critical chondrocytes

[35]. The limited number of autologous chondrocytes from

spare cartilage may hardly be adequate for the high demand

of cells to constitute engineered cartilage. Thus, the num-

ber of harvested cells has to be expanded in vitro before

seeding. Chondrogenic cells that are in more abundant

supply can be used for cartilage tissue engineering. Bone

marrow-derived mesenchymal stem cells (MSCs) are more

plentiful and can be induced to form chondrogenic cells in

vitro [21]. In procedures that penetrate the subchondral

bone, chondrogenic cells (MSCs) migrate in the fibrin

network of the blood clot [9]. However, the fibrin clot is

not mechanically stable to withstand the tangential forces

[12]. An implanted exogenous scaffold (e.g. a collagen

matrix) may improve the mechanical stability and dura-

bility for endogenous cells and may provide a proper

stimulus for chondrogenic differentiation and cartilage

regeneration. The AMIC procedure provides two major

advantages; on the one hand, it is a one-step procedure with

no need of cartilage harvesting potentially leading to donor

site morbidity, and on the other hand, it is cost-effective

with no need of in vitro cell expansion.

The aim of this prospective study was to evaluate the

AMIC procedure using a collagen I/III scaffold for the

treatment of focal cartilage defects of the knee. Our

hypothesis is that AMIC proves suitable to treat cartilage

defects, to achieve functionality and to confirm clinical

improvement over a period of up to 5 years after operation

in a prospective clinical trial.

Materials and methods

All patients participating in the present study were edu-

cated in detail about the surgical technique and all

alternative procedures with their advantages and disad-

vantages, and all participants chose to undergo the index

surgical procedure. All patients signed informed consent to

participate in follow-up examinations including radio-

graphs and magnetic resonance tomography. The study was

performed in compliance with the ethical review board of

the University of Luebeck, Germany.

The indications for the index procedure in this series

were clinical symptomatic chondral lesions grades III-IV

according to Outerbridge [29], defect sizes more than

1 cm2 and defects situated at the femoral condyle, the

patella or the trochlea. The main exclusion criteria were

advanced osteoarthritis, significant narrowing of the joint

lines, underlying rheumatic disease, total meniscectomie,

massive overweight (BMI [ 35) and deviation of the

mechanical axis to the affected compartment.

Radiographs were taken preoperatively and possible

osteoarthritic degenerations were evaluated by two inde-

pendent observers using the Kellgren-Lawrence scoring

system [4]. The observers were blinded to the procedure. A

Kellgren-Lawrence Score of greater than or equal to 2 is

defined as osteoarthritis.

From 2003 to 2005, 27 patients with 32 chondral defects

of the knee were treated with AMIC. By March 2008, all

patients had reached a minimum follow-up of 2 years. Four

patients gave consent to a clinical follow-up examination

of 4 years. Clinical examinations were performed on a

regular basis and supplemented with additional radiographs

and magnetic resonance tomography. All patients were

evaluated standardized using the Lysholm score, the Teg-

ner score, the Meyer score, the ICRS Score and the Cin-

cinnati score.

In general, the median age of patients (11 females, 16

males; mean body mass index 26, range 20–32) was

39 years (range 16–50 years). The mean defect size of the

chondral lesions was 4.2 cm2 (range 1.3–8.8 cm2). All

defects were classified as grade IV according to the Out-

erbridge classification [29]. The defects were situated on

the medial femoral condyle (n = 7), on the lateral femoral

condyle (n = 3), on the patella (n = 9), at the trochlea

(n = 2) and on the femoral condyle and the patella

(n = 6). The chondral lesions were of traumatic origin in

13 patients (44%), due to aseptic necrosis of the sub-

chondral bone in one patient (3%) and idiopathic in 18

patients (53%). In 16 patients (57%), the right knee, and in

11 patients (43%), the left knee was treated. Previous

surgical procedures (n = 59) were arthroscopies (n = 30),

partial meniscectomies (n = 6), abrasion arthroplasty

(n = 9), drilling or microfracture (n = 5) and shaving

(n = 9). When performing the AMIC procedure, con-

comitant surgical procedures such as a patella realignment

surgery (n = 2) and medial capsular shift (n = 1) were

performed. Three patients (one with cartilage defects in
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both knees) had to be excluded from follow-up due to the

exclusion criteria.

Surgical procedure

Degenerative and attached cartilage was completely

removed during an arthroscopy. A minimal invasive portal

was used to gain access to the cartilage defect. Perforations

into the subchondral bone were made with a sharp canula

every 5 mm. The microfractured defect was covered with a

collagen I/III matrix of porcine origin (Geistlich Pharma

AG, Wolhusen, Switzerland) that was prior trimmed to fit

to the cartilage lesion by adaption to an appropriate tem-

plate, which matches the size of the defect. Partial autol-

ogous fibrin glue (Baxter-Immuno, Heidelberg, Germany

and autologous patient serum) was used regularly to fix the

matrix. The knee joint was held in an extended position for

5 min before the joint was flexed ten times to test the

stability and position of the matrix. Fig. 1 illustrates the

steps of the AMIC procedure. The minimal invasive cut

was closed in layers with standard techniques, and a

drainage without suction was applied. The knee was

immobilized for 7 days in extension followed by continu-

ous passive motion for 6 weeks and nonweight bearing for

6 weeks.

Different scores formed the basis for evaluation of the

therapeutic success: the Meyer score [2], the Tegner score

[6], the Lysholm score [6], the Cincinnati score [38] and

the ICRS score [18], representing the IKDC evaluation

endorsed by the International Cartilage Repair Society

(ICRS, www.cartilage.org). Postoperative findings that

resulted from follow-up examinations conducted on a

regularly basis every 12 months were documented and

compared with the preoperative findings. Patients were

informed to return to clinical follow-up after 12 months

with current radiographs. At least 1 year after transplan-

tation, repair and resurfacing of cartilage defects (n = 15)

were evaluated with a state-of-the-art 1.5 Tesla MRI

scanner (Siemens AG, Erlangen, Germany), and a modified

MOCART (Magnetic Resonance Observation of Cartilage

Repair Tissue) scoring system was applied [22]. According

to the published classification system, marginal modifica-

tions were performed.

Statistical analysis

Coherent data of ordinal scaled variables were tested using

the Student’s t-test. Statistical significance was tested with

the Wilcoxon test for related and nonrelated samples.

Differences were considered significant at P \ 0.05. All

Fig. 1 Illustration of the

important steps of the enhanced

microfracture technique: a the

chondral defect is treated with

microfractures; b partial

autologous fibrin glue is brought

to the defect in two components;

c the matrix is trimmed to fit

into the defect; and d glued into

the defect
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comparisons were performed between scorings at the

individual points in time of the follow-up period against the

preoperative scores.

Results

At the time of follow-up, all patients had reached a mini-

mum of 2 years after the index procedure. Three patients

had to be excluded from the study, because in 1 patient, a

delayed diagnosis of rheumatoid arthritis (treated defects in

both knees) was made, and 2 patients were referred for

arthroplasty due to progressive osteoarthritis. The follow-

up period was between 24 and 62 months with a mean of

37 months. For 4 patients, 4 or more years had elapsed

since the operation at the time this study was completed.

Postoperative complications occured in two individuals but

were of no negative consequence after treatment (muscle

vein thrombosis, effusion after tumbling).

Twenty out of 23 individuals (87%) questioned were

subjectively highly satisfied with the results after surgery

and assured that they would undergo the same procedure

again if they were in the same situation as at that time.

From their subjective point of view, patients stated overall

improvement of knee function of an average 89% (range,

70–100%; ±10.7), on a scale with 0% being knee function

not allowing one to participate in normal daily life activi-

ties and 100% representing a knee function that allowed the

patient all activities, including sports without any limita-

tion at the same level as before onset of pain and disability.

Three patients did not subjectively benefit from surgery

and were not satisfied with their outcome.

The mean Meyer score showed a significant increase

from preoperative 9 (±3) up to 14 (±3) at 12 months and

up to 16 (±3) at 24 months follow-up. In the follow-up

after 36 months the mean value was 14 (±3). In compar-

ison to the preoperative values, the increase in values was

significant at 12–36 months follow-up.

The mean Lysholm score was preoperative 36 (±21). A

significant improvement was seen in the follow-up at

12 months with 67 (±28) and at 24 months with 76 (±24).

After that, values decreased at 36 months with 62 (±25)

and at 48 months with 47 (±22). Fig. 2 summarizes the

results of the Lysholm score.

The mean Tegner score was after 1 year 3.4, after

2 years 4.1 and after 3 years 4.0. In conclusion, scores up

to the 36-month follow-up were significantly higher com-

pared to the preoperative values. The decline in scores

between the 24-month and 36-month follow-up was not

statistically significant.

The mean preoperative ICRS score was 31 (±15). At the

follow-up, a significant increase in mean values was noted

on the one hand at 12 months (59, ±24) and on the other

hand at 24 months (68, ±22). The mean ICRS score was

54 (±25) at 36 months and 37 (±4) at 48 months. Results

of the ICRS score are summarized in Fig. 3.

Preoperative values evaluated by the Cincinnati score

accounted for a mean of 46 (±18). In comparison with the

preoperative scores, values improved at 12 months (66,

±23) and 24 months (74, ±23) significantly. No further

increase was demonstrated at follow-up after 36 months

(62, ±26) and 48 months (37, ±9). Results of the Cin-

cinnati score are summarized in Fig. 4.

In order to determine the influence of patient age at the

time of operation on the results, patients were divided into

three subgroups: patients aged between 18 and 32 years,

patients aged between 33 and 46 years and patients

between 47 and 60 years. Looking at the score results,

none of the scores showed a significant difference. In older

patients, the body mass index was significantly lower

compared to the young patients group (P = 0.04). These

Fig. 2 Box and Whisker plot of the clinical outcome evaluated by the

Lysholm score. The preoperative and follow-up times are as

indicated. Scores are presented as medians; the ends of the boxes
define the 25th and 75th centiles

Fig. 3 Box and Whisker plot of the clinical outcome evaluated by the

ICRS score. The preoperative and follow-up times are as indicated.

Scores are presented as medians; the ends of the boxes define the 25th

and 75th centiles
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findings did not show an impact on the clinical follow-up

scores.

The Lysholm score and the IKDC score showed both for

cartilage defects situated at the patella and medial femur

condyle a significant increase in values up to 24 months.

Values at 36 months decline significantly in the group of

defects at the patella, but not at the femoral condyle.

The defect size in the individual groups (group I: defect

size [0–3 cm2, group II: defect size [3–6 cm2, group III:

defect size [6–9 cm2) did not differ significantly in the

scores. In contrast, 2 cases exceeding a defect size of more

than 8 cm2 lead to greatly reduced score results.

In order to investigate whether the score results were

dependent on the number of previous operations, the

patients were divided into two subgroups (no previous

operation and previous operation). The score values proved

to be independent of whether or not the patients had pre-

viously been operated.

There were no significant differences between male and

female patients calculated for the Meyer score, Tegner

score and Lysholm score, although males did show a ten-

dency of better score values compared to their female

counterparts (n.s.). The ICRS score did show significant

better results up to 36-month follow-up for males com-

pared to their female counterparts (P \ 0.003); no female

patient had a follow-up longer than 36 months. Fig. 5

illustrates the gender-specific differences of the ICRS

score.

Results of imaging diagnostics

The state of osteoarthritis was evaluated by the well-

established Kellgren and Lawrence score, staging osteo-

arthritis from grade I to grade IV [4]. All patients returned

for clinical follow-up with current radiographies (p.a. and

lateral). Some radiographs were weight-bearing radiog-

raphies and others not. Because narrowing of the joint

space is one of the major criteria of the Kellgren and

Lawrence score, results were by implication not compa-

rable and we did not perform statistical analysis. Irre-

spective of the joint space criterion, 3 of the follow-up

radiographs showed signs of progressive osteoarthritis

(osteophytes, subchondral sclerosis).

The majority of the patients (n = 15) treated with

AMIC were examined by magnetic resonance imaging

(MRI) at the end of their clinical follow-up investigation. A

modified MOCART (Magnetic Resonance Observation of

cartilage Repair Tissue) scoring system was applied,

Fig. 4 Box and Whisker plot of the clinical outcome evaluated by the

Cincinnati score. The preoperative and follow-up times are as

indicated. Scores are presented as medians; the ends of the boxes
define the 25th and 75th centiles

Fig. 5 Box and Whisker plot of

the gender-specific clinical

outcome evaluated by the ICRS

score. The preoperative and

follow-up times are as

indicated. Scores are presented

as medians; the ends of the

boxes define the 25th and 75th

centiles
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including seven variables to describe the morphology and

signal intensity of the repair tissue [22]. Of all investigated

features visible on MRI images, three items were pre-

dominant. Bone marrow lesions (BMLs, Fig. 6a) (n = 7),

effusion (n = 8) and osseous hypertrophy underneath the

repair tissue (n = 9) were found. The majority of patients

(n = 10) showed a defect filling of more than 50%

(Fig. 6b). In nine patients, a second cartilage defect was

found within the same knee joint. None of the new defects

was located at the same compartment as the repair tissue.

Meniscal lesions (n = 4) and osteophytes (n = 3) could be

found in some knees.

Discussion

The key finding in the present study was that an enhanced

microfracture technique (AMIC) is well suited for the

treatment of patients with focal cartilage defects. This is

the first clinical study presenting mid-term results from

autologous matrix-induced chondrogenesis (AMIC) of up

to 60 months; thus, the required 24 months to obtain the

final regenerate quality was fulfilled [3]. The status of the

patient 2 years after cartilage repair is considered an

important indicator for the future outcome [18].

In contrast to concurrent cartilage repair procedures, the

AMIC procedure is easy to handle and can be done in a

one-step surgery. No damage to healthy cartilage is carried

out and, moreover, in vitro cultivation and differentiation

of cells can be avoided using this enhanced microfracture

technique. In previous studies, the hypothesis was verified

that perforation of the subchondral bone plate gives rise to

the stem cell pool of the bone marrow and leads to release

of further marrow elements as growth factors and cytokines

[17, 34]. We have presented strong evidence that bone

marrow cells can be guided directly to a cartilage defect by

a collagenous matrix and that MSCs can be isolated reg-

ularly from the matrix [17]. Therefore, this technique is

less expensive, less time intensive and offers availability to

all patients [1].

In cartilage repair procedures, usually the graft is

secured to the surrounding native cartilage by sutures,

which is a technically demanding and time-consuming

procedure and may further damage the native tissue [10].

In a goat model, suturing of articular cartilage induced

severe local damage, which was progressive and reminis-

cent of that associated with the early stages of osteoarthritis

[14]. In the AMIC procedure, the matrix is fixed with fibrin

glue. Fibrin glue can be used to adhere other engineered

cartilage onto the recipient site, as a stand-alone scaffold or

as a growth factor [10]. Its utility may be limited by its

inferior mechanical properties, its inability to allow

immigration of host cells and the possibility of evoking

immune and inflammatory responses [13]. In this series, we

used a semiautologous fibrin glue that offers superior

properties compared to commercial fibrin glue, as we

published before [13]. An implanted collagen scaffold

seems to improve the mechanical stability of fibrin glue;

we did not observe transplant loosening, debonding of the

graft or ablation and in turn clinical complications and

reoperations. Collagen scaffolds have been used in many

studies that have loaded chondrocytes or MSCs to build

cartilage in vitro or in vivo [2, 26, 33]. In a former

microscopic study, we showed that cells grown on a

collagen I/III membrane (Chondro-Gide�) form a

multi-layered apical cell sheet with partially spindly,

Fig. 6 Magnetic resonance imaging (MRI) 12 months after AMIC. a Out of 15 patients, 7 patients, including this one, showed bone marrow

lesions. b While 10 patients showed a defect filling of more than 50%, in 5 cases, including this one, the defect was filled less than 50%
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process-bearing cells and partially roundish, chondrocyte-

like cells [13].

Well-established rating systems have been used in this

study to summarize relevant outcome measures. Our data

endorse the fact that the Lysholm score, rating mostly

patients’ self reported criteria, leads to higher scores and

categorical ratings. This may be based on the fact that this

scale allows one to achieve a satisfactory score even when

significant problems with the knee persist. In contrast, the

IKDC guidelines for rating overall outcome are more

stringent since the worst rating for any item within a group

determines the overall group rating and the worst group

rating determines the final IKDC rating [15]. In total, five

different scores were enclosed in this study to allow a most

objective view for outcome analysis.

In the current study, reporting mid-term results, patient

satisfaction was found somewhat less compared to other

publications. Authors reporting results after ACI claimed

patient satisfaction of up to 95% after 2 years [8]. Repeat

operations using the ACI procedure were mainly associated

with the periosteal flap. This disadvantage of the original

ACI technique cannot occur using the AMIC procedure.

Mid-term, all ACI studies showed significant improvement

in each of the different scoring methods employed [2]. Our

results are comparable and indicate a significant improve-

ment in four different scoring systems after a follow-up of

up to 36 months after AMIC. Unfortunately, no other

AMIC studies with mid-term results have been published to

date.

Bone marrow stimulation techniques produced similar

results in comparison with autologous chondrocyte

implantation [16]. A current systematic analysis of the

existing clinical literature of microfracture in the knee

revealed that this technique effectively improved knee

function in all studies during the first 24 months after mi-

crofracture, but the reports on durability of the initial

functional improvement were conflicting [25]. Several

factors were identified that affected clinical outcome.

Shortcomings of the technique include limited hyaline

repair tissue, variable repair cartilage volume and possible

functional deterioration. As we did observe in the current

study, some scores do not improve after a follow-up of

24 months as it has been reported for microfracturing [25].

In contrast, score results remain stable up to 60 months

after AMIC, while they further decline after microfracture.

It may be hypothesized that the durability of repair tissue is

higher after AMIC compared to microfracture, leading to

improved mid- and long-term results. Comparative studies

to elucidate this fact are on their way.

We acknowledge that the presented patient population is

heterogenous, which reflects the situation of patients with

an indication for cartilage repair surgery. It is common that

a patient population with cartilage defects of the knee may

present with more than one isolated underlying pathology

and thus needs more than one singular surgical procedure

to address of all them. In our series concomitant surgical

procedures were performed in three cases. Previous surgi-

cal procedures did not prove to negatively influence the

follow-up results in our series. This is in contrast with the

literature, reporting defects that had prior treatment

affecting the subchondral bone failed at a rate 3 times that

of nontreated defects [24].

After the AMIC technique, 2 out of 27 patients were

subjected to revision surgery due to symptoms like grind-

ing, catching, pain or swelling. This re-intervention rate is

at first glance relatively high and may be related to this

challenging patient cohort. This is in concordance with

other studies reporting rates of revision surgery of between

0% [18] and 25% [23]. Neither of the 2 patients reached 50

points in the Lysholm score or 40 points in the ICRS score,

indicating that there might be a threshold for long-term

graft survival and successful tissue regeneration, as prior

published [18]. Our data strengthen the fact that even if a

graft regeneration takes a long time (2–3 years after sur-

gery), a continuous improvement should be detected

12 months after surgery. In this context, the lack of clinical

improvement, combined with insufficient MRI results, may

be signs of long-term graft failure.

Unlike described in the literature, we could not show a

correlation between clinical results and number of previous

surgeries at the time of operation in general. This is in

accordance with published data concerning mid-term

results after MACT [2]. A current study shows contrary to

the current data, that defects which had prior treatment

affecting the subchondral bone failed at a rate 3 times that

of nontreated defects [24]. The data demonstrate that

marrow stimulation techniques have a strong negative

effect on subsequent cartilage repair with autologous

chondrocyte implantation and, therefore, should be used

judiciously in larger cartilage defects that could require

future treatment with autologous chondrocyte implantation.

One have to regret that two patients with a defect size more

than 8 cm2 did not benefit from the enhanced microfracture

procedure. In consequence of this fact, we do not recom-

mend the AMIC technique in cartilage defects more than

8 cm2.

Like described in the literature, we could not show a

correlation between clinical results and patient age. Results

after ACI showed a failure rate in older patients that is

comparable with rates reported in younger patient groups

[31].

In the current series, cartilage repair seems to be more

efficient in males compared to their female counterparts.

Little is known about gender-specific differences in carti-

lage repair. Further studies should elucidate this fact for a

better understanding of gender-related dimorphism in knee
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pathology and improvement of related surgical treatments.

In other fields, a gender-specific research is already on its

way [5, 32].

Actual results strengthen the fact that clinical results and

the incidence of complications is influenced by defect

location. As it has been published before, there was a

tendency for better clinical results at the femoral condyle

compared to the patella [20]. Concerning the ACI, an

increased rate of hypertrophy was found for patellar

defects, but no correlation was found for the occurrence of

delamination, insufficient regeneration and disturbed

fusion [27]. Thus, therapeutic concepts had to be developed

to prevent these typical complications of cartilage defect

therapy at the patella. In the current series, no hypertrophy

of repair tissue was seen in MRI follow-up studies at the

patella. In conclusion, it may be hypothesized that different

defect localizations in the knee need different cartilage

repair procedures to improve functional results after carti-

lage repair surgery.

In general, for measuring and evaluating the clinical

outcome of a given treatment strategy, patient’s satisfac-

tion and improvement are most important and are best

assessed by well-established clinical outcome scores. From

the scientific point of view, additional detailed questions

arise regarding measurable parameters like morphology

and quality of the formed repair tissue as well as defect

filling and graft integration. These issues can be addressed,

for example, by noninvasive MRI techniques. MOCART-

based scoring systems are well established to allow a

practical and morphological evaluation of cartilage repair

tissue [11]. Whereas Trattnig et al. [36] report a score of 73

in patients 12 months after a comparable cartilage repair

procedure in the knee, Welsch et al. [37] depict scores of

73 for the patella and 72 for the medial femoral condyle in

a cross-sectional evaluation with a mean of 29 months after

MACT. A head-to-head record with our results is not valid,

as we used a modified MOCART score based on the fact,

that perforation of the subchondral lamina is part of the

AMIC technique and thus its integrity could not be eval-

uated as it is suggested in the MOCART score. In our

series, the majority of chondral repair tissue filled the

defect depth sufficiently, constituted a smooth surface and

was isointense to the surrounding cartilage.

There are two limitations that need to be acknowledged

and addressed regarding the present study. The first limi-

tation concerns the heterogenous patient population, which

reflects the situation of patients with an indication for

cartilage repair surgery. The second limitation has to do

with the extent to which the findings can be generalized

beyond the cases studied. The number of cases is too

limited for broad generalization. However, these limita-

tions can be seen as fruitful avenues for future research

under the same theme.

Conclusion

This case series study shows promising results after the

AMIC procedure for the treatment of focal cartilage defects

of the knee. Clinical evaluation of up to 60 months after

implantation revealed an improvement of the patient0s
condition as documented by reliable clinical outcome

scores as well as articular resurfacing as assessed by MRI.

The good clinical results found 1 year after AMIC lasted

for mid-term, although a nonsignificant decline in func-

tional scores was obvious beyond a follow-up of

36 months.
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