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Abstract
Purpose This pilot study was designed to describe the

technical details and to present the preliminary outcome of

autologous matrix-induced chondrogenesis (AMIC) com-
bined with platelet-rich plasma gel, the so called AMIC

plus technique, for the treatment of patellar cartilage

defects in the knee.
Methods The AMIC plus technique was used for the

treatment of (osteo) chondral patellar lesions in the knee.

The surgical technique is extensively described. Five
patients were clinically prospectively evaluated during

2 years. MRI data were analysed based on the original

MOCART (Magnetic Resonance Observation of Cartilage
Repair Tissue) and modified MOCART scoring system.

Results A clinical improvement became apparent after

24 months of follow-up. Both MOCART scoring systems
revealed no significant deterioration or improvement of

the repair tissue between one and 2 years of follow-up.

However, all cases showed subchondral lamina and
bone changes. The formation of intralesional osteophytes

was observed in 3 of the 5 patients during the 2 years of
follow-up.

Conclusions AMIC plus is feasible for the treatment of

symptomatic patellar cartilage defects and resulted in a
clinical improvement in all patients. The favourable clini-

cal outcome of the AMIC plus technique was not con-

firmed by the MRI findings.
Level of evidence IV.
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Introduction

Surgical treatment for articular cartilage injury is of major
interest to orthopaedic surgeons because most lesions of

articular cartilage do not heal spontaneously and may

predispose the joint to the subsequent development of
secondary osteoarthritis [5, 33]. Various techniques have

been used to treat this injury with variable success rates.

The ultimate aim of treatment is the restoration of normal
knee function by regenerating hyaline cartilage in the

defect and complete integration of the regenerated cartilage
with the surrounding cartilage and underlying bone.

Several marrow-stimulating procedures directed at the

recruitment of bone marrow cells have been widely used to
treat local cartilage defects. In this type of procedures,

mesenchymal stem cells (MSCs) migrate in the fibrin

network of the blood clot [6]. However, the fibrin clot is
not mechanically stable to withstand the tangential forces

[8]. As described by Gille et al. [12], an implanted exog-

enous scaffold (e.g. a collagen matrix) may improve the
mechanical stability and durability for endogenous cells

and may provide a proper stimulus for chondrogenic dif-

ferentiation and cartilage regeneration. The original AMIC
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(autologous matrix-induced chondrogenesis) 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 [3].

Articular cartilage disease of the patella is still a chal-

lenging problem in orthopaedic surgery. In the present pilot
study, the AMIC procedure using a collagen I/III scaffold

combined with platelet-rich plasma gel (AMIC plus) is
used for the treatment of chondral and osteochondral

patellar lesions in the knee. The technique is extensively

described in this paper. Platelet-rich plasma (PRP) is a
general term for new technologies that are focused on

enhancing the healing response after injury of different

tissue types and may have certain applications that will
speed recovery in cases of tendon, ligament, muscle and

cartilage disorders [18]. PRP has already shown to have a

positive effect on cartilage [21]. We therefore hypothesized
that with the help of PRP in a gel form and the collagen

I/III scaffold, bone marrow cells can be guided to the

cartilage defect and enhance the induction of chondrogenic
cells. We report in this pilot study, the clinical and mag-

netic resonance imaging (MRI) outcome of the first 5

patients treated with the AMIC plus technique in the Ghent
University Hospital since January 2008. The goal of this

short-term pilot study was to determine whether the AMIC

plus technique is suitable for the treatment of patellar
cartilage defects in the knee.

Materials and methods

Patients with focal cartilage defects involving the patella
and with clinical symptoms (pain, swelling, locking and

‘‘giving away’’) were eligible for treatment. Exclusion

criteria were age under 18 and over 50 years, untreatable
tibiofemoral or patellofemoral malalignment or instability,

diffuse osteoarthritis or bipolar ‘‘kissing’’ lesions, major

meniscal deficiency and other general medical conditions
such as diabetes or rheumatoid arthritis. Clinical experi-

mentation was approved by the Hospital Ethics Committee.

Informed consent to participate in the study and to comply
with the postoperative regimen was obtained from all

patients. The patients included in this pilot study were

treated between January and April 2008.
Five patients (3 men and 2 women) were treated consec-

utively and followed for 24 months. The right-to-left side

ratio was 3:2. The lesions were focal in all cases and were
located all on the patella. All lesions were International

Cartilage Repair Society grade III–IV [14] and had a median

size of 2 cm2 (range, 1–3 cm2). The cause of injury was focal
nontraumatic (focal degenerative lesions) in all 5 cases.

The median age of the patients was 27 years (range,

24–45 years). The median duration of symptoms before sur-
gery was 4 months (range, 1–10 months). Associated proce-

dures were performed in 3 patients: 3 Fulkerson osteotomies

and 1 medial patellofemoral ligament reconstruction.

Surgical procedure

A miniarthrotomy in a tourniquet-controlled bloodless

surgical field was performed to allow access to the defect.
The lesion was measured after the bottom of the cartilage

defect was freshened, and the edges of the defect were

trimmed back to stable walls of healthy cartilage. Micro-
fracturing is performed with slow speed drilling (drill bit

diameter 1.2 mm). When the size of the defect is evaluated,

the collagen membrane is measured. The collagen I/III
membrane (Chondro-Gide") should be slightly undersized

to avoid dislocation after movement and was fixated with

sutures (Vicryl 6/0) (Fig. 1). Before the defect was sealed
completely, a small opening was left unsutured for the

application of platelet-rich plasma (PRP) gel (GPS" III

System Advantages, Biomet). The platelet-rich plasma gel
was inserted manually and applied beneath the membrane.

The remaining opening was closed entirely after the

application of the PRP gel beneath the collagen membrane
(Fig. 2). The joint was then gently moved intraoperatively

to evaluate whether the membrane remained in place.

The postoperative regimen was as follows: nonweight-
bearing during 2 weeks. Achieving a normal gait pattern

was advised at 10 weeks postoperatively. An extension

brace was prescribed for the first 4 weeks after surgery.

Fig. 1 The collagen membrane is fixated with sutures, and the
platelet-rich plasma gel is applied beneath the membrane
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Maximum active flexion did not exceed 15# for the first

2 weeks of rehabilitation. Full range of motion was
allowed 8 weeks postoperatively. Isometric quadriceps

training, straight length raising and hamstrings isometrics

were advised during the first 2 weeks. Return to low impact
sports was allowed 12 months after surgery.

Clinical evaluation

All 5 patients were clinically prospectively evaluated with

use of the Knee injury and Osteoarthritis Outcome Score
(KOOS) [2, 28–30], the Tegner activity scale [35, 36],

Kujala patellofemoral score [17] and the visual analogue

scale (VAS) [4, 10] for pain preoperatively and at 12 and
24 months of follow-up.

MRI technique

All MRI examinations before the operation and at 12 and
24 months of follow-up were performed on a 1.5 T or a 3 T

MR unit (Either a Magnetom Avanto, a Magnetom Sym-

phony Tim or Magnetom Trio, Siemens Medical Solutions,
Erlangen, Germany). All five patients had consented to

follow the postoperative MRI evaluation protocol. We

performed a standard knee MRI protocol including proton-
density- and T2-weighted turbo spin echo (TSE) acquisi-

tions using a dedicated send-receive eight channel knee

coil. Imaging parameters of the sequences were as follows:

– Sagittal proton-density- and T2-weighted turbo spin

echo (TSE) images (TE: 24/96 ms TR: 4,000 ms on 1.5
T; TE: 22/101 ms TR: 4,662 ms on 3T; slice thickness:

3 mm with a 0.3 mm intersection gap; field of view

(FOV): 180 mm; matrix size: 512 9 307 on 1.5 T MR
unit, 448 9 246 on 3T MR unit) (Fig. 3).

– Coronal proton-density-weighted images with fat sat-

uration (TE: 43 ms TR: 4,400 ms on 1.5 T; TE: 44 ms

TR: 3,140 ms on 3T; slice thickness: 3 mm; FOV:
180 mm, matrix size: 512 9 240 on 1.5 T MR unit,

448 9 218 on 3T MR unit).

– Transverse 3D dual echo steady state (DESS 3D)
images, a gradient echo (GRE) sequence (TE: 5.5 ms

TR: 19 ms; flip angle: 25#; slice thickness: 3 mm,

FOV: 160 mm; matrix size: 256 9 156).
– Sagittal 3D fast low-angle shot images with water

excitation images (Flash 3Dwe) (only on 1.5 T MR

unit): spoiled GRE. (TE: 27.0 ms; TR: 13.7 ms; flip
angle: 30#; slice thickness: 1 mm consecutively; FOV:

180 mm; matrix size: 512 9 240).

– Sagittal 3D proton-density SPACE images with fat
saturation (only on 3 T MR unit) (TE: 43 ms TR:

Fig. 2 Schematic illustrations of the performed procedure:1 Sche-
matic drawing of a cartilage lesion. 2 Debridement of the cartilage
defect until stable walls of healthy cartilage and microfracturing of
the cartilage lesion. 3 Suturing of the collagen I/III membrane,

leaving a small opening for the application of the PRP gel.
4 Application of the PRP gel beneath the collagen I/III membrane
and closing the remaining opening with sutures (corresponds with the
photograph)

Fig. 3 Sagittal proton-density- and T2-weighted turbo spin echo
(TSE) image on 3 T MR unit. The red square shows an upcoming
subchondral bone plate with thinning of the covering cartilage,
resulting in the formation of an intralesional osteophyte 2 years after
surgery
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1,100 ms; slice thickness 0.6 mm, FOV: 160 mm,

matrix size: 320 9 269).

Original and modified MOCART system

For the description of the repair tissue, we used the original
MOCART system previously published by Marlovits et al.

[19, 20]. Nine variables were used to describe the mor-

phology and signal intensity of the repair tissue compared
to the adjacent native cartilage. Besides the original MO-

CART system, we also used a modification of this system

previously published by Dhollander et al. [7]. Both mor-
phological MRI classification systems were applied to the

MRI images taken at 12 and 24 months of follow-up. All

MR images were evaluated by a senior musculoskeletal
radiologist. Both the original and modified MOCART

scores were expressed as a percentage of the maximum

score [7].

Statistical analysis

All data are expressed in terms of medians and ranges.

Descriptive statistical analysis was performed using PASW

statistics 18 (SPSS Inc, Chicago, Illinois).

Results

During the follow-up period, the VAS scores for pain
indicated by the patients improved markedly. Preopera-

tively, the median VAS score was 52 mm (range,

14–86 mm) at 1-year follow-up 36 mm (range, 11–51 mm)
and at 2 years of follow-up 14 mm (5–19 mm). According

to the Tegner activity scale, no obvious differences were

observed during the 24-month follow-up period. Before the
operation, the median Tegner score was 2 (range, 1–3),

1 year after surgery 2 (range, 1–3) and at 2 years of follow-

up, the median Tegner score was 3 (range, 2–3). Kujala
patellofemoral scores revealed an obvious improvement

between preoperative and 24 months of follow-up [medi-

ans preoperatively: 38 (range, 30–55), at 1 year of follow-
up: 64 (range 38–67), and at 2 years of follow-up: 71

(range, 53–82)]. All KOOS subscale scores (ADL, Pain,

Symptoms/Stiffness, QoL, and Sports and Recreational
Activities) improved when preoperative and postoperative

values were compared (Fig. 4).

No infections occurred in the postoperative period. One
patient underwent a second-look arthroscopy because of

catching, revealing hypertrophy of the regenerated tissue,

which was adequately treated by shaving.

Twenty-four month longitudinal follow-up of the repair

tissue with the original and MOCART system

At the 24-month follow-up, it was shown that the original

MOCART score remains stable over time [medians at
1 year of follow-up: 53% (range, 47–59%) and at 2 years

of follow-up: 53% (range, 47–59%)]. As with the original

MOCART system, a higher modified MOCART system
score signified a more cartilage-like aspect of the repair

tissue on MRI and a more complete filling of the defect,

without it being overfilled. The percentages also remained
stable over time [medians at 1 year of follow-up: 38%

(range, 38–45%) and at 2 years of follow-up: 38% (range,

33–45%)].

MRI data evaluated with the original MOCART system

at 12 and 24 months of follow-up

One and two years after the AMIC plus procedure, the MRI

data were analysed according to original MOCART system
[28]. At 12 months of follow-up, complete filling of the

defect was not seen. Incomplete filling was observed in 3

cases (60%). Hypertrophy of the repair tissue was seen in 2
patients (40%). Complete integration of the border zone

with the adjacent cartilage was observed in all patients. The

Fig. 4 Median values of the KOOS subscales. Pain: preoperative
(pre; 64) (range, 39–92) and postoperative: 12 months (78) (range,
50–86) and 24 months (92) (range, 61–97). Symptoms/Stiffness:
preoperative (pre; 39) (range, 36–86) and postoperative: 12 months
(82) (range, 43–86) and 24 months (82) (range, 75–100). Activities of
Daily Living: preoperative (pre; 65) (range, 38–76) and postoperative:
12 months (82) (range, 34–96) and 24 months (93) (range, 62–97).
Sports and Recreational Activities: preoperative (pre; 15) (range,
0–20) and postoperative: 12 months (50) (range, 5–50) and
24 months (40) (range, 10–45). Quality of Life: preoperative (pre;
25) (range, 19–31) and postoperative: 12 months (25) (range, 13–69)
and 24 months (50) (range, 38–56)
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surface of the repair tissue was irregular and had an

inhomogeneous structure in all patients. An intact sub-
chondral lamina and an intact subchondral bone were not

seen. Adhesions and effusions were absent in all cases. The

signal intensities were described as isointense in none of
the patients. For all variables of the original MOCART,

except for the variable ‘integration to the border zone’, the

same results were obtained 2 years postoperatively. With
one patient, we observed the occurrence of a split between

the repair tissue and adjacent cartilage at 24 months of
follow-up. In general, the formation of intralesional

osteophytes was observed in 3 of the 5 patients during the

2 years after surgery.

Discussion

The most important finding of the present study is that the

AMIC plus procedure is feasible for the treatment of
patellar cartilage defects in the knee. In general, bone

marrow stimulation techniques produce similar results in

comparison with autologous chondrocyte implantation
[15]. Although the treatment of patellar chondral lesions

seems uncommon in some countries such as the United

States, using cartilage repair techniques for patellar lesions
has become more and more accepted [9]. This is repre-

sented by some studies exclusively dealing with the issue

of Autologous Chondrocyte Implantation (ACI) for patellar
defects [13, 22, 24]. Nevertheless, clinical results still seem

inferior to those of defects located on the femoral condyles

[16, 24, 27, 32]. We report in this pilot study, the clinical
results obtained of the first five patients treated with the

AMIC plus technique for patellar cartilage lesions. The

patients who participated in this study showed a gradual
clinical improvement after surgery. No decline in clinical

outcome was observed. The clinical results are similar to

those of other techniques, taking into account this small
and challenging patient cohort [12, 26].

In the present study, both the original and the modified

MOCART system were used in a longitudinal fashion to
evaluate the repair tissue. Both scores were moderate and

remained stable over time. The MRI findings of the repair

tissue showed no signs of deterioration or improvement
during the 24 months of follow-up.

Based on the original MOCART system, we analysed our

patient group 12 and 24 months after the AMIC plus pro-
cedure. The majority of the chondral repair tissue filled the

defect depth sufficiently. In contrast to the findings of Gille

et al. [12], we observed an irregular surface of the repair
tissue in most of the cases and neither was the repair tissue

isointense to the surrounding cartilage. We found sub-

chondral lamina and bone changes in all patients at each
follow-up moment. Moreover, the formation of intralesional

osteophytes was observed in 3 of the 5 patients during the

2 years of follow-up. Two patients developed hypertrophy
of the repair tissue observed on MRI. One patient underwent

a second-look arthroscopy because of catching due to this

finding. We observed a high incidence of hypertrophy of the
repair tissue (40%), but a good integration with adjacent

cartilage (80%) at 24 months of follow-up on MRI. These

findings are comparable with those published by Niemeyer
et al. [25].

In contrast to other cartilage repair procedures, the
AMIC procedure is quite easy to handle and can be done in

a one-step surgery. There is no need for harvesting autol-

ogous cartilage. In this way, in vitro propagation of
chondrocytes and the concomitant dedifferentiation issues

are avoided. Therefore, this technique is less expensive,

less time intensive and offers availability to all patients. In
the original AMIC procedure published by Benthien et al.,

the collagen membrane is fixed with commercial fibrin glue

[3]. In the series published by Gille et al., a semiautologous
fibrin glue was used [12]. This type of fibrin glue is

believed to offer superior properties than the commercial

fibrin glue [11]. In the described AMIC plus technique, we
used sutures the fixation of the collagen membrane to

ensure a secure fixation. We did not observe transplant

loosening, debonding of the graft or ablation and in turn
clinical complications and reoperations.

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

[34]. The original AMIC procedure combines microfrac-
ture with a collagen I/III membrane (Chondro-Gide") and

fibrin glue. The AMIC plus procedure combines micro-

fracture with the same collagen membrane type and
platelet-rich plasma gel (PRP). Collagen scaffolds have

already been used in many studies that have loaded chon-

drocytes or MSCs to build cartilage in vitro and in vivo [1,
23, 31]. These membranes allow cell growth and seem to

improve the mechanical stability of the initially formed

fibrin clot. We hypothesized that the combination of PRP
gel and a collagen membrane would enhance the formation

of hyaline-like repair tissue. Platelet-rich plasma (PRP)

therapy is a simple, low cost and minimally invasive
method that allows a natural concentrate of autologous

growth factors to be obtained from the blood. PRP has

shown to stimulate cartilage repair after microfracture in a
sheep model. The procedure was more effective when PRP

was used in a gel form [21]. The preliminary results of this

pilot study did not confirm the hypothesis that the combi-
nation of PRP gel and a collagen membrane enhances the

formation of hyaline-like repair tissue. In other words, the

supplemental use of PRP gel did not seem to have obvious
beneficial effects on the cartilage repair process.
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It must be emphasized that the small sample size lacked

the necessary statistical power, that the follow-up period
was limited to 24 months and that all MR images were

evaluated by only one musculoskeletal radiologist. An

important drawback of this pilot study population is the
fact that associated procedures were performed in 3

patients: 3 Fulkerson osteotomies and 1 medial patellofe-

moral ligament reconstruction. These limitations do not
allow a broad generalization of the findings observed in

this study, but can be seen as an incentive for future
research under the same theme.

Conclusion

This pilot study—with a combination of microfracture, PRP
and collagen membrane—used in cartilage repair, which is

the first to be described in the literature—allows us to

present the first clinical and MRI outcome at 2 years post-
surgery and now serves as a control for future studies with

modified protocols. The key finding in this pilot study is that

the AMIC plus procedure is feasible for the treatment of
patellar cartilage defects in the knee. The patients who

participated in this study showed a gradual clinical

improvement during 24 months of follow-up. However, the
gradual short-term clinical improvement of AMIC plus
procedure was not confirmed by the MRI data. All cases

showed subchondral lamina and bone changes. Moreover,
the formation of intralesional osteophytes was observed in 3

of the 5 patients during the 2 years of follow-up. Long-term

and randomized controlled studies are mandatory to con-
firm the initial results and the reliability of this procedure.
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