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Abstract

Purpose Several well-described techniques are available

for the treatment of chondral and osteochondral defects.

The aim of the study was to assess the efficacy of a single-

stage procedure incorporating a new cell-free collagen type

I gel for the treatment of small chondral and osteochondral

defects in the knee evaluated at 2-year follow-up.

Methods Fifteen patients were treated with a cell-free

collagen type I gel matrix of 11 mm diameter. The grafts

were implanted in the debrided cartilage defect and fixed by

press-fit only. The clinical outcome was assessed preopera-

tively and at 6 weeks, and 6, 12 and 24 months after surgery

using the International Knee Documentation Committee

(IKDC) score, Tegner activity scale and visual analogue

scale (VAS). Graft attachment rate was assessed 6 weeks

postoperatively using magnetic resonance imaging (MRI).

Cartilage regeneration was evaluated using the Magnetic

Observation of Cartilage Repair Tissue (MOCART) score at

6, 12 and 24 months after implantation. Clinical results were

correlated with MRI findings.

Results Six male and nine female patients were included in

this study, with a mean age of 26 (range: 19–40). No com-

plications were reported. The mean VAS values after 6 weeks

and the mean IKDC patient values after 6 months were sig-

nificantly improved from the preoperative values (P = 0.005

and P = 0.009, respectively). This improvement remained up

to the latest follow-up. There were no significant differences

between the median preoperative and postoperative Tegner

values (n.s.). Significant improvement of the mean MOCART

score was observed after 12 months and remained by

24 months (P \ 0.001). MR images showed that in 14 of the

15 patients, the graft was completely attached by 6 weeks

postoperatively. At 24 months after implantation, MRI dem-

onstrated complete filling in all cases with a mainly smooth

surface, complete integration of the border zone, homogenous

structure of the repaired tissue and nearly normal signal

intensity. No correlation between any variables of the

MOCART score and the clinical scores was observed.

Conclusions The present study reveals that the new

method produces both good clinical and magnetic reso-

nance imaging results. Use of press-fit only implanted

grafts of a smaller diameter leads to a high attachment rate

at 24-month follow-up.

Level of evidence IV.
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Introduction

Articular cartilage defects can be treated by a variety of

reparative approaches, including bone marrow–stimulating
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techniques and osteochondral transfer [15, 36]. However,

there is no evidence regarding which method is superior,

and all have inherent problems [3]. To overcome some of

these specific problems, tissue engineering techniques have

become an important aspect of therapy for cartilage

defects. One such technique is autologous chondrocyte

implantation (ACI), as introduced by Brittberg et al. [7]

in 1987. First-generation ACI, using periosteal flaps,

had several potential disadvantages, including periosteal

hypertrophy, loss of cells, complexity of the surgical

technique and a high revision rate [14, 28]. Therefore,

various scaffolds have been developed to overcome some

of these problems. Among these, collagen-based matrices

are some of the most popular in clinical use [18]. Further

development of this approach has led to matrix-induced

autologous chondrocyte implantation (MACI), a combi-

nation of cultured chondrocytes with 3-dimensional scaf-

folds [9]. Although MACI represents a well-established

and acknowledged therapy with promising clinical results

[4, 27], it is a two-step procedure with high costs, is time-

consuming and causes donor-site morbidity due to chon-

drocyte harvesting. In recent years, there has been

increasing interest in cell-free repair approaches. More

recently, a new cell-free collagen type I gel (CaReS�-1S,

Arthro Kinetics, Krems/Donau, Austria) has been intro-

duced for the treatment of smaller local cartilage defects.

This cell-free matrix is already in clinical use, serving as a

carrier for chondrocytes, similar to MACI [2]. The cell-free

technique relies on the potential of cell migration into the

matrix leading to cartilage repair. Migration of articular

chondrocytes has been reported in vivo and in vitro [25].

However, there are no clinical results available concerning

the value of this new device alone.

The aim of this study was to evaluate the efficacy of the

cell-free collagen type I matrix for the repair of small

diameter chondral defects, using clinical and noninvasive

MRI assessment. The hypothesis of the present study was

that the cell-free collagen type I matrix triggers chondro-

cyte in-growth, leading to cartilage repair.

Materials and methods

This is a prospective case series of patients recruited from

the Department of Orthopaedics and Rheumatology of the

University Hospital, Marburg. The study was performed in

accordance with the Helsinki Declaration and was author-

ised by the local research and ethics committee of the

University Hospital, Marburg. All patients gave written

informed consent to clinical and MRI follow-up before

participation.

Patients were included if they were 18–50 years of age

with contained, symptomatic articular cartilage defects of

grades III and IV according to International Cartilage

Repair Society (ICRS) classification [8] and a defect size

\11 mm diameter. Exclusion criteria included ligamen-

tous instability, resection of [1/3 of the meniscus, knee

joint malalignment ([5�), inflammatory disease, kissing

lesions and articular cartilage degeneration in other

compartments.

From 2008 to 2009, 15 patients (six male, nine female)

with a mean age of 26 ± 8 years (range: 19–40) were

included. Ten procedures were performed in the right knee,

and 5 in the left knee. The chondral defects were mapped

on both the frontal and the sagittal views on the medial

femoral condyle in 8 (7 central/central; 1 central/posterior),

the lateral femoral condyle in 3 (3 central/central) and on

the retropatellar surface in 4 (3 medial/central; 1 medial/

distal) cases. The aetiology of the chondral lesions was

traumatic origin in 8 patients, idiopathic in 3 patients and

due to aseptic necrosis of the subchondral bone in 4

patients. When performing the implantation of the cell-free

matricies, concomitant reconstruction of the medial patel-

lofemoral ligament [33] due to patella instability was

performed in 2 cases.

Cell-free collagen type I gel (CaReS-1S�)

The matricies were made of a three-dimensional cell-free

collagen gel consisting of 4.8 mg/mL type I collagen from

the tails of rats, which is already in clinical use. The

diameter of the matricies was 11 mm and, depending on

the depth of the defect, had a thickness of 4 or 6 mm. The

matricies were stored in sterile phosphate-buffered saline

solution and preserved at 4�C until use.

Surgical procedure

All operations were carried out by a single surgeon (TE).

Using standard arthroscopic portals, diagnostic arthroscopy

was performed to confirm that the patient fitted the inclu-

sion/exclusion criteria and to identify any further intra-

articular abnormalities. The width of the chondral defect

was measured with an arthroscopic ruler. When the defect

met the inclusion criteria, a mini-arthrotomy was per-

formed to expose the defect in the specific compartment.

The chondral defect was carefully prepared using an

11-mm-diameter cutter and a sharp angulated curette, down

to, and avoiding penetration of, the subchondral bone. In

cases where an osteochondral defect was found, a deep

debridement of the sclerotic subchondral bone was per-

formed, followed by press-fit filling of the defect with

autologous cancellous bone from the proximal tibia. Gen-

erally, on the retropatellar surface, an 11 9 6 mm graft

was used, and on the femoral condyle, an 11 9 4 mm graft

was used. The collagen type I gel was directly pushed into
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the defect with an 11-mm stamp, and no additional fixation

technique was used. The graft was considered to be suffi-

cient when the matricies matched exactly the geometry of

the prepared defect, and complete congruity with the sur-

rounding cartilage rim was achieved. The knee joint was

held in an extended position for 3 min before the joint was

flexed three times to ensure sufficient fixation of the grafts.

Finally, the mini-arthrotomy was closed in a standard

fashion and a sterile compression dressing applied. Any

surgical complications were recorded.

Postoperative rehabilitation

Postoperatively, all knee joints were fixed for 2 days in a

hinged knee brace locked in extension. The patients were

allowed to move using two crutches with toe-touch weight

bearing. The rehabilitation programme was different for

graft implantation on the retropatellar surface compared

with the femoral condyle, which followed a standardised

regimen. Patients received the cell-free matricies on the

femoral condyle were allowed to use continuous passive

motion (CPM) at the third postoperative days in a range of

0–0–30 during the first week. Patients received the cell-free

matricies on the retropatellar were allowed to use CPM at

the third postoperative days in a range of 0–0–30 for the

first 3 weeks. Between week 4 and 6, an increase in load

and knee flexion was allowed, followed by the progression

to full load and no limitation of knee flexion after 6 weeks.

Six months after implantation, the patients returned to their

former activity levels, including cycling or jogging.

Outcome measures

Clinical evaluation

Data collection was performed preoperatively and after

6 weeks and 6, 12 and 24 months postoperatively using the

subjective International Knee Documentation Committee

(IKDC) score [17], Tegner activity scale [37] and visual

analogue score (VAS) [11].

Magnetic resonance images

The follow-up MRI examination was carried out using a

standardised protocol at postoperative time-points of

6 weeks and 6, 12 and 24 months. Six weeks after the

procedure, MRI was performed to evaluate the early

postoperative adherence rate of the grafts, using a scoring

system described by Marlovits et al. [23]. This system

grades the transplants as completely attached, partially

attached or detached. Completely attached was defined as

the absence of any visible fissure/gaps between the grafts

and the surrounding cartilage. In partial detachment, the

graft only covered a part of the defect. If the cartilage

defect floor was completely empty, this was classified as

detachment. The validity and the reliability of this scoring

system have been proven [23]. Further MR imaging was

performed for description of the repair tissue using the

MOCART (Magnetic resonance observation of cartilage

repair tissue) score [22]. The cell-free scaffold was asses-

sed for the following nine parameters: degree and filling of

the defect; integration at the border zone; structure and

signal intensity of repair tissue; surface of the repair tissue,

determined in two different sequences; the constitution of

the subchondral bone and lamina; and the existence of

adhesions and effusions. The maximum score achievable

based on the evaluation of these 9 variables is 100.

All MR images were obtained with a 1.5-Tesla

MRI Scanner MAGNETOM Espree (Siemens, Erlangen,

Germany). A knee coil with a field of view of 18 cm was

used with the knee positioned in extension. The following

standardised sequences were recorded for coronal, sagittal

and transverse slice orientations: proton density turbo-

spin-echo fast suppression (320 9 320; thickness 3 mm;

repeat time (TR) 3,000 ms; echo time (TE) 37 ms); T1

(384 9 384; thickness 3 mm; TR 411 ms; TE 13 ms); T1-

volume-interpolated breathhold examination (280 9 320;

thickness 1.5 mm, TR 16; TE 7); and T2 (512 9 512;

thickness 3 mm; TR 460 ms; TE 15 ms). All MR images

were assessed by a senior musculoskeletal radiologist

(MR).

Statistical analysis

The paired t test was performed for the IKDC score and the

VAS to compare pre- and postoperative values. Data are

expressed as means with standard deviations. The non-

parametric Wilcoxon-signed rank test was performed for

the Tegner activity scale to compare pre- and postoperative

values. Data are expressed as medians and interquartile

ranges. For the MOCART score, paired t tests for changes

in values after 6 weeks were carried out. To identify any

relationships between the variables of the MOCART score

and the clinical scores (IKDC, VAS, Tegner) at different

follow-up times, the Pearson product moment correlation

was performed. For all tests, P \ 0.05 was considered

significant. The statistical software package SAS (Version

9.2) was used for biometric analysis.

Results

All patients completed the 24-month clinical and MRI

evaluation. The implantation of the cell-free graft was

successful in all patients. No displacement of the graft was

observed intra-operatively after moving the knee through a
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range of motion three times. No patient-related complica-

tions nor device-related complications were encountered.

All patients followed the standardised rehabilitation

programme.

Clinical outcome

All of the clinical outcome scores showed an improve-

ment from preoperative values. The difference between

the mean subjective IKDC score at baseline and

24 months postoperatively was significant (P = 0.009;

Fig. 1). The median Tegner activity scale showed no

significant differences between the baseline 3 (range: 1–4)

and postoperative values 4 (range: 2–4) at the latest fol-

low-up (n.s.), including involvement in moderately heavy

work and recreational sports. For the mean VAS, the

difference between baseline and 24 months postopera-

tively was significant (P = 0.006; Fig. 2). One patient

suffered severe pain indicated by the VAS after MPFL

reconstruction at the latest follow-up; however, IKDC

showed a score of 68.

MRI results

Using the MOCART scoring system, there was significant

differences between baseline and 24 months postopera-

tively (P \ 0.001; Fig. 3). There was no strong correlation

between the MOCART score and any of the clinical

outcomes.

At 6-week follow-up, a completely attached graft was

found in 14 of the 15 patients. In one case, a partially

detached graft was noticed. An improvement from partially

detached to completely attached graft could be observed at

the 12-month follow-up. No subchondral bone was

exposed, but this was considered a fixation failure.

At the latest follow-up, all patients showed complete

defect filling. The integration to the border zone was

complete in 14 patients, but incomplete in one of the

patients as a split demarcating the graft–host border was

present. The surface of the repair tissue was smooth in 9

cases and irregular in 6 cases. Homogeneous repair tissue

was observed in 7 patients, and the signal intensity of the

repair tissue was normal or nearly normal in all cases. In

the four lesions which were osteochondral, the subchondral

lamina was not intact, but the subchondral bone was shown

to be intact after cancellous bone grafting in all cases.

Fig. 1 Clinical outcome evaluated with the IKDC score. Scores are

indicated as mean with SD. Asterisks indicate a statistically significant

difference on paired t test (P \ 0.05) compared with the preoperative

values

Fig. 2 Clinical outcome evaluated with the VAS. Scores are

indicated as mean with SD. Statistical analysis was performed using

paired t test. The asterisks indicate a statistically significant difference

(P \ 0.05) compared with the preoperative situation

Fig. 3 MOCART score over a period of 24 months after implanta-

tion of the cell-free collagen type I gel. Scores are indicated as mean

with SD. The asterisks indicate a statistically significant difference

(P \ 0.05) compared with the MOCART score 6 weeks post-

operatively
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Adhesions could not be detected, but effusions were found

in 3 patients. In two knees, a new meniscal lesion and one

subchondral cyst could be found. Representative MR

images of 1 patient are shown in Fig. 4.

Discussion

The most important finding of the present study was that

the cell-free collagen type I matrix has supported a repar-

ative response, leading to cartilage repair.

Although the defects included in this study are of small

diameter, all of the patients failed extensive nonsurgical

management before surgical intervention. A number of

techniques have been described to address small cartilage

defects. Bone marrow–stimulating techniques such as mi-

crofracture have produced satisfactory results [24]; how-

ever, some studies have shown a deterioration in clinical

outcome at mid-term follow-up, thought to be related to the

inferior biomechanical quality of fibrocartilaginous repair

tissue [13]. Osteochondral autologous transplantation uti-

lises the immediate transfer of hyaline cartilage; however,

this technique is associated with technical difficulties,

donor-site morbidity, limited graft availability and lack of

cartilage integration [6]. Other procedures have been

developed, which implant cell-free scaffolds; however,

these rely on microfracture as a cell source, such as matrix-

induced autologous chondrogenesis [5] and BST Cargel

[16]. The question of which cell source is optimal remains

and requires future investigation. To overcome some of

these limitations, the new collagen gel may present an

alternative to recent cartilage repair approaches in the

treatment of small cartilage defects. The basic principle of

the cell-free collagen type I matrix is to fill the cartilage

defect with a matrix structure, providing a scaffold for

chondrocytes to migrate from the perilesional tissue,

enabling attachment, proliferation and extracellular matrix

production. Migration of chondrocytes has been reported in

vivo and in vitro [25], and collagen-based matricies have

the capacity to promote chondrocyte proliferation and

proteoglycan synthesis in vitro [40].

Some previous studies have investigated the question of

repair tissue quality after implantation of a cell-free gel as

was used in this study. Schneider et al. [32] investigated the

new graft in a Goettinger minipig-based model and com-

pared the results with a cell-based procedure (MACI) or

abrasion arthroplasty. They noticed that after 6 weeks,

chondrocyte-like cell migration into the initially cell-free

gel had occurred. After 12-month follow-up, the repair

tissue quality was equal to that achieved using a cell-based

procedure. The high chondrogenic potential of the cell-free

gel could be confirmed in a nude mouse model [12].

Schagemann et al. [31] investigated the suitability of cell-

laden and cell-free alginate-gelatin biopolymer hydrogel

for osteochondral restoration in a sheep model and also

observed cellular in-growth into the initially cell-free

scaffold. However, whether such in vitro results can be

transformed to in vivo outcome remains unclear.

Safe fixation of tissue-engineered constructs is important to

achieve good clinical results [34]. Gel-like matrices for car-

tilage repair are fixed either using fibrin glue or by press fitting

[26, 29]. In the present study, the small matricies were fixed by

press-fit only, without using any further fixation techniques.

Vertical edges of the surrounding healthy cartilage were

fashioned to achieve a stable rim and to avoid lateral expan-

sion of the matrix. In 14 of 15 patients, a sufficient adherence

rate with completely attached grafts was noticed 6 weeks

postoperatively. These findings are consistent with a previous

ex vivo cartilage repair model study, showing that the press-fit

fixation technique leads to similar fixation quality as fibrin

6 weeks 24 months

Fig. 4 Magnetic resonance

images of a 25-year-old female

patient. The graft in the medial

femoral condyle (white arrow)

is completely attached after

6 weeks postoperatively. At

24 months, the surface is intact,

and the structure and the signal

intensity show some alterations
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glue when used with cell-free collagen gels as used in the

present study [10]. However, for larger matricies, the addi-

tional use of fibrin glue may be more favourable to improve

the mechanical stability of the scaffolds.

Various studies have shown that good clinical results

can be obtained when cartilage defects located on the

femoral condyle are repaired, regardless of the surgical

technique [20, 30]. Conversely, patellofemoral cartilage

lesions show a substantially lower proportion of good

results with associated high complication rate. Niemeyer

et al. demonstrated a higher incidence of hypertrophy of

regenerated cartilage on the patella than on the femoral

condyles when using autologous chondrocyte implantation

[28]. In the present study, MRI evaluation showed no

hypertrophy of regenerated cartilage on the patella.

MRI has become a valuable tool for the assessment of

cartilage repair techniques because of good soft tissue

contrast, accurate demonstration of articular cartilage and

multiplanar capability [1]. Despite these advantages, MRI

is not able to show the composition of the cartilage repair

tissue [38]. Histological biopsies are the gold standard after

cartilage repair approaches [42]. However, since MRI and

cartilage evaluating protocols (MOCART) showed good

morphological quality of the repair tissue in the present

study, no biopsy was performed to assess the quality of the

repair tissue in vivo.

The MOCART score is a well-established system for

assessing articular cartilage repair tissue [22]. Welsch et al.

[41] reported a mean MOCART score of 75 and 75.5 after

microfracture and MACI, respectively, with a mean follow-

up of 29 months. Trattnig et al. [39] reported a mean score of

73 after 12 months using the MACI procedure. Correlations

between clinical outcome and MRI appearance have been

noticed [22, 24]. In the present study, the mean MOCART

score was 76 after 12 months and 79 after 24 months.

A strong correlation between the MOCART score and the

clinical outcome could not be detected. However, a direct

comparison with these studies is only possible to a certain

degree, due to inherent differences in study population,

defect size, follow-up time and basic biological approach.

The MRI evaluation showed in the present study that in the

majority of the cases, there was an improvement from

incomplete filling of the defect at 6 months postoperatively,

to complete defect filling at latest follow-up. This may

demonstrate the potential of implant in-growth from the host

tissue. Twenty-four months after cell-free matrix implanta-

tion, 1 patient was newly diagnosed with subchondral cysts.

The reason for this can only be speculated. There may be

some persistent small gaps between the graft and the native

cartilage, so that synovial fluid can reach the subchondral

bone plate and result in a persistent stimulus. However, the

cysts were not associated with any pain. At the latest follow-

up, the signal characteristics of the repair tissue were

different from those of the original native cartilage in all

cases. It is accepted that cartilage regeneration and tissue

remodelling take years after implantation [19] and cartilage

remodelling is visible on MRI [21]. Therefore, studies with

longer follow-up are required to gather more information

about the maturation process.

As yet, no mid-term results have been published con-

cerned with the cell-free collagen I matrix. Andereya et al.

[2] reported the first clinical experience with the matrix as

used in the present study, but instead seeded with autologous

chondrocytes (CaReS�). Twenty-two patients with chondral

and osteochondral femoral lesions with a mean defect size of

6 cm2 were treated and 2-year follow-up reported. Short-

term results showed significant improvements in each of the

different outcome parameters. In the current study, the

clinical scores showed an overall improvement 24 months

after implantation. This indicates that there is an improve-

ment in the loading and functionality of the knee. Both IKDC

and VAS pain scores showed significant differences in

comparison with preoperative values, whereas the Tegner

activity scale increased more over time but failed to show

statistical significance. We are aware that no definitive

conclusion regarding the possible benefit of cell-free matr-

icies, in comparison with matricies seeded with cells, can be

drawn from the present study. A direct comparison of the

results between cell-free and cell-seeded matrices would be

beneficial; however, this study does demonstrate satisfying

results when this new device is used in this manner. Other

repair techniques such as bone marrow stimulation [13] and

osteochondral transfer [35] show the most substantial

improvements within the first 2 years. However, the results

have been shown to deteriorate after 2 years [24]. Therefore,

further clinical investigations are needed to evaluate the

value of cell-free implants over time.

The present study has some limitations. Firstly, only

2-year results are presented. Even though the early clinical

and MRI results are promising, a final conclusion about the

value of the cell-free collagen type I device cannot be

drawn. However, as the treatment of cartilage defects with

cell-free collagen gels evolves, these results can be used as

the basis for further studies dealing with this technique.

Secondly, our findings are based on a small sample size.

Before widespread use of this technique, further clarifica-

tion of the mid-term results are required. Finally, the

treated cartilage defect size was small. Nevertheless, even

for these symptomatic, contained, small-sized defects, the

optimal therapy should be identified.

Conclusion

Cell-free collagen type I matrix repair of small articular

cartilage lesions in the knee leads to good clinical results at
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a follow-up of 2 years. A sufficient adherence rate and

articular resurfacing were detected by MRI. The new col-

lagen type I matrix might help to overcome some of the

disadvantages inherent in conventional cartilage tissue

engineering techniques.
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