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Abstract
Purpose Although there are various new scaffold-based tech-
niques for cartilage regeneration it remains unclear up to
which defect size they can be used. The present study reports
of a cell-free collagen type I gel matrix for the treatment of
large cartilage defects of the knee after a two-year follow-up.
Methods Twenty-eight patients with a mean cartilage defect
size of 3.71±1.93 cm² were treated with a cell-free collagen
type I gel matrix (CaReS-1S®, Arthro Kinetics AG, Krems/
Donau, Austria) via a mini-arthrotomy. Clinical outcome was
assessed preoperatively and six weeks as well as six, 12 and
24 months after surgery using various clinical outcome scores
(IKDC, Tegner, KOOS, VAS). Cartilage regeneration was
evaluated via MRI using the MOCART score.
Results Seventeen male and 11 female patients with a mean
age of 34.6 years were included in this study. Significant pain
reduction (VAS) could be noted after six weeks already.
Patient activity (IKDC, Tegner) could be significantly

improved from 12 months on and nearly reached reported
pre-operative values. All subject categories of the KOOS ex-
cept for symptom (swelling) showed significant improve-
ments throughout the study. Constant significant improve-
ments of the mean MOCART score were observed from
12 months on. MR images did not yield any signs of infection
or synovitis. After 24 months a complete defect filling could
be noted in 24 out of 28 cases with a mainly smooth surface,
complete integration of the border zone and homogenous
structure of the repaired tissue.
Conclusion Cell-free collagen type I matrices appear to be a
safe and suitable treatment option even for large cartilage de-
fects of the knee. Results of this study were comparable to the
better-established findings for small cartilage defects. Mid-
and long-term results will be needed to see if clinical and
MR-tomographic outcome can be maintained beyond
24 months.
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Introduction

Possibilities for surgical cartilage repair have evolved rapidly
during the last ten years. Variousmethods have been described
in the literature reaching from bone marrow stimulation via
microfracture [30] or full thickness osteochondral transfer
(OCT) [22] to classic two-staged autologous chondrocyte
transplantation (ACT) [2]. The latter has been refined by the
supportive use of various matrices produced from different
bioactive materials [21, 31]. Cell-free implants, mainly com-
posed of collagen type I, are the most recent additions in
today’s cartilage repair portfolio. These implants are logic
advancements based on previously-used cell-seeded matrices
that were used for matrix-associated autologous chondrocyte
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transplantation (MACT). Instead of a carrier system for
precultivated autologous cells these new implants should
serve as structural scaffolds to attract and differentiate
chondrocytes in vivo directly after implantation. No previous
cartilage biopsy is needed. As a result treatment times are
hence much faster and there is no donor-site morbidity, which
is quite common after harvesting a considerable amount of
cartilage [19]. Moreover, due to European Union regulations
as of November 2007 [38] a sufficient proof of efficacy has to
be provided in cases of autologous cell transplantation. This
act further promoted the use of cell-free implants instead of
classic ACT or MACT in order to avoid inadequate bureau-
cracy and cost explosion.

Besides limited indications, all mentioned techniques have
certain disadvantages. While classic ACT tends to fail because
of periosteal flap hypertrophy in the long run [23], cell-free
implants may detach from the subchondral bone [5] or fail to
be colonised adequately. That is why defect size plays an im-
portant role in the process of decision-making prior to surgical
intervention. It has been demonstrated that MACT techniques
may provide excellent clinical results even for defect sizes be-
yond 5 cm² [8, 26]. Cell-free implants however were first used
for relatively small cartilage defects with sizes less than 1 cm²
[7]. Given the fact that clinical mid-term results were good to
excellent for small defects [28], the first clinical trials like this
one were designed to investigate if defects larger than 1 cm²
treated with cell-free implants could yield equivocal results in
terms of cartilage restoration, pain reduction and patient activity.

The aim of the present study was to evaluate suit-
ability and efficacy of a previously used cell-free colla-
gen type I matrix in the treatment of large cartilage
defects of the knee. It was hypothesized that results of this
treatment method would be absolutely comparable to that of
the small defects investigated earlier.

Materials and methods

This study represents a prospective case series of patients with
large cartilage defects of the knee. Written informed consent
was obtained from all patients prior to inclusion into the study
cohort. All included patients failed conservative treatment and
experienced ongoing knee pain limiting their sportive or rec-
reation abilities as well as their quality of life. Inclusion
criteria are shown in Table 1.

Twenty-eight patients (11 females, 17 males) with a mean
age of 34.6 years (range 18–47) were included in the study.
Cartilage defects were located on the medial femoral condyle
(n=18), the lateral femoral condyle (n=3) or on the
retropatellar surface (n=7).

Patients were assessed pre-operatively, at six weeks as well
as six, 12 and 24 months postoperatively using the subjective
survey of the International Knee Documentation Committee

(IKDC) score [16], the Knee Injury and Osteoarthritis
Outcome Score (KOOS) [24], a visual analogue scale (VAS)
for pain [11] and the Tegner activity scale [32]. Magnetic
resonance imaging (MRI) was performed using a 1.5-Tesla
Magnetom Espree Scanner (Siemens AG, Erlangen,
Germany) as previously described [7]. MR sequences record-
ed for coronal, sagittal and transverse slices were as follows:
proton density fat suppressed turbospin-echo (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-weighed volume-interpolated breath-hold exami-
nation (VIBE) (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 and graded using the MOCART score [20].

An a priori power analysis based upon the short- and mid-
term results of small cartilage defects published earlier [6, 28]
was conducted using a two-tailed t-test for connected samples
with a significance level ofP≤0.05. A power of 90% could be
reached with n=13 after six months and n=8 after 12 months.

All research procedures were in accordance with the
Declaration of Helsinki. Approval for this study was obtained
from the institutional review board of the University Hospital
Marburg (study no. 10/11).

Surgical procedure

Diagnostic arthroscopy was performed to evaluate the
chondral lesion in vivo and to verify that the patient met the
inclusion criteria. After verification, a mini-arthrotomy was
performed directly over the defect exposing the ulcerated
compartment (Fig. 1a). Incisions had to be altered according
to exact defect localisation and had to be slightly larger for the
retropatellar approach. Defects were punched out using an
appropriate cutter and debrided down to the subchondral bone
via curettage (Fig. 1b). Damage to the subchondral lamina or
bone was carefully avoided in all cases. Five patients were
diagnosed with late Osteochondritis dissecans with subse-
quent ulceration of the subchondral bone. In these cases a

Table 1 Inclusion criteria

Criteria

Patient age 18–50 years

Cartilage defects ICRS degree III and higher

Intact cartilage–shoulder

Intact corresponding joint level (no „kissing-lesionsB)

Intact menisci (substance>2/3)

Intact and stable knee ligaments

Physiological leg axis

Free range of motion

No inflammatory disease
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thorough debridement of the sclerotic bone had to be per-
formed, and resulting defects were augmented with autolo-
gous cancellous bone from the ipsilateral tibial head. Cell-
free collagen type I implants were tailored to fit the defect
sizes using the same cutting instrument as for defect debride-
ment and measured again prior to implantation (Fig. 1c). After
drying the debrided defect with a swab, implants were placed
in a press-fit manner without any additional fixation (Fig. 1d).
The matrices used (CaReS-1S®, Arthro Kinetics AG, Krems/
Donau, Austria), and the surgical procedure have already been
described in detail in a previous publication [7]. Femoral con-
dyle defects were treated with 4-mm thick implants whereas
retropatellar defects received 6-mm thick implants to address
the higher cartilage level in that compartment.

Postoperative rehabilitation included toe-touch weight-
bearing for four weeks and limitation to 0° flexion for
two days followed by 30° flexion for the next three weeks.
Early full weight-bearing and flexion were allowed within the
fourth to sixth week. This is in accordance with recently pub-
lished randomized controlled trials on early versus traditional
delayed weight bearing in MACI procedures, suggesting an
increased importance of mechanical load for an optimal carti-
lage regeneration [4, 35].

Statistical analysis

All data were processed with Graphpad Prism 6 (Graphpad
Inc., La Jolla, CA). Comparisons between means were made

using paired Student’s t tests with a significance level set at
P≤0.05 for IKDC, KOOS, VAS and MOCART scores. A
nonparametric Wilcoxon test with a significance level set at
P≤0.05was used for the Tegner activity scale. Pearson’s prod-
uct moment correlation was performed to identify relation-
ships between variables of the MOCART score and IKDC,
KOOS, VAS or Tegner activity scale. Graphics were produced
using the same software package.

Results

All 28 patients completed clinical and MR-tomographic fol-
low-up at 24 months. Mean defect size was 3.71±1.93 cm²
(range 1.20–9.00). No implant-related or surgical complica-
tions were recorded.

Clinical outcome

The complete clinical data are listed in detail in Table 2.
Consistent pain reduction as measured by a VAS could be
recorded starting from six weeks postoperatively. Compared
to the pre-operative baseline these significant results could be
maintained until the latest follow-up after 24 months
(P<0.0001). The subjective category of the IKDC score
showed a slight but significant decrease after six weeks con-
stantly improving until the latest follow-up after 24 months.
Significant differences as compared to the pre-operative

Fig. 1 a Ulceration of the lateral femoral condyle as seen via a mini-arthrotomy approach. b Fully debrided defect with final measures and intact
cartilage shoulders. c Cell-free implant cut to defect size and measured again. d Situs after fixation-free press-fit implantation of the implant

Table 2 Clinical data

Measure Pre-operative Six weeks P (pre-op vs.
six weeks)

Six months P (pre-op
vs. 6 mo)

12 months P (pre-op
vs. 12 mo)

24 months P (pre-op
vs. 24 mo)

IKDC 56.53±8.44 48.52±9.82 0.0119 61.98±9.60 0.0061 66.75±8.55 < 0.0001 68.18±12.48 < 0.0001

KOOS

Pain
Symptom
ADL
Sport/rec
QOL

49.79±16.33
48.35±10.70
59.11±19.67
31.35±19.21
32.45±11.86

64.33±19.64
55.86±13.36
64.88±20.46
14.60±20.20
32.25±18.64

0.0078
0.0131
n.s.
0.0075
n.s.

76.13±13.26
52.12±11.39
80.88±11.38
52.22±24.74
48.15±21.29

< 0.0001
n.s.
<0.0001
0.0063
0.0046

76.03±16.79
50.00±12.69
83.66±13.54
54.81±22.72
50.46±23.19

<0.0001
n.s.
<0.0001
0.0017
0.0038

75.11±19.91
51.71±15.40
83.82±16.66
63.80±29.13
53.50±24.74

<0.0001
n.s.
<0.0001
<0.0001
0.0007

VAS 5.88±2.15 2.32±1.95 <0.0001 2.67±2.15 <0.0001 2.48±1.95 <0.0001 2.44±2.15 <0.0001

Tegner 2.0 (0–4) 2.0 (1–3) n.s. 3.0 (2–10) <0.0001 4.0 (2–9) <0.0001 4.0 (2–9) <0.0001

IKDC International Knee Documentation Committee Score, KOOS Knee Osteoarthritis Outcome Score, ADL activities of daily living, QOL quality of
life, VAS visual analogue scale,

Data are given as means±SD for IKDC, KOOS, VAS and as median with range for Tegner
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baseline could be reached and maintained from six months
(P=0.0061) onward until 24 months (P<0.0001). Activity
level as measured by the Tegner score remained unchanged
until six weeks postoperatively and then slowly increased
again reaching and maintaining significance from
six months onward (P=0.0001). The KOOS score showed
global improvements in all except for the symptom category.
Significant improvements were reached in the pain and ADL
categories from six weeks onward until the latest follow-up at
24 months (P<0.0001). The sport/rec category showed an
initial decrease (P=0.0075) during the rehabilitation phase,
but reached significant improvements as compared to the
baseline after six months until the latest follow-up at
24 months (P<0.0001). The QOL category showed signifi-
cant improvements from six months onward until the latest
follow-up at 24 months (P=0.0007). The symptom category
failed to show significant differences from six months onward
until the latest follow-up at 24 months.

Magnetic resonance imaging outcome

The MOCART score showed significant improvements after
12 and 24 months as compared to the first postoperative
values right after six months (Fig. 2). After 24 months all
defects were filled completely. Only one implant showed a
slight hypertrophy. Full integration of the implants into the
border zones of the previous defects was recorded in all except
four cases. These four implants showed minor skips in at least

one slice of the MRI scans. Signal intensity of the repair tissue
changed to normal or nearly normal in most cases (Fig. 3). No
correlation between the MOCART score and respective clini-
cal scores could be detected.

Discussion

The most important finding of the present study was that re-
sults of a repair of large cartilage defects with cell-free im-
plants were perfectly comparable to those of the previously
published small defects [7] in terms of MR-tomographic car-
tilage regeneration, clinical pain reduction and patients’ return
to recreational activities after a 24-month follow-up.

Sufficient colonisation of cell-free implants in vivo could
be shown in cases of re-arthroscopies with subsequent biop-
sies, for example, in a study by Schüttler et al. [29]. This case
presentation dealt with the same implant type as the present
study. Histologic specimens of this collagen type I cell-free
scaffold showed an appearance typical of articular cartilage,
with neither scaffold leftovers, nor heterotopic intralesional
calcification or scar tissue 36 months after implantation.
Comparable results have been shown in animal studies using
cell-free cartilage scaffolds [25, 27].

It remains unclear up to which defect sizes a treatment with
cell-free implants can be successful in clinical practice.
Transmigration of vital primary chondrocytes into a collagen
scaffold has been successfully demonstrated in an experimen-
tal setting already, which showed the bare movement abilities
of these cells in a stationary 3D environment [12, 14].
However, an absolute migration distance of chondrocytes kept
in a standard culture environment is still unknown. As a con-
sequence there are no standardised critical size cartilage defect
models to prove the efficacy of cartilage regenerative proce-
dures. Therefore, it is also difficult to objectively compare
different methods with each other or to establish a defect size
cut-off for individual methods or implants.

The origin of progenitor cells that make up the repair tissue
leading to cartilage regeneration is also not fully understood.
These cells may be recruited from the adjacent intact cartilage
[15], the subchondral lamina or even out of the synovial fluid
[17]. In regards to the surgical technique of the cell-free col-
lagen type I implants it seems unlikely that progenitor cells or

Fig. 2 MOCART score. Data are given as means±SD

Fig. 3 MR-tomographic time
series of sagittal T2-weighed
slices of a patient with a medial
femoral condyle defect treated
with a cell-free implant. A steady
integration of the graft with a
slight shrinkage after 24 months
can be noted
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MSCs could be recruited from the subchondral lamina, as it
ought to be intact during implantation and serves as a barrier
to the underlying bone.We reported on five patients with a late
Osteochondritis dissecans, which received an augmentation
of the ulcerated subchondral bone prior to implantation, but
did not notice significant differences in any of the clinical
categories as compared to the other patients with intact
subchondral laminae. Further studies in an experimental set-
ting would be of use to compare the different cell origins
mentioned previously. It will have to be clarified if there is
one main source for cell regeneration after implantation of a
cell-free scaffold or if there is a complex interaction between
the different cell reservoirs.

Additional fixation of gelatinous cell-free implants with
fibrin glue, for example, was a major issue during the emer-
gence of this new technique. While first clinical attempts uti-
lized a surgical technique with an additional fibrin glue fixa-
tion [1], a biomechanical evaluation by Efe et al. revealed that
there is no significant difference between a press-fit technique
with or without the addition of fibrin glue for implants with a
diameter of 11 mm [5]. Large implants however may be prone
to delamination due to more unfavourable mechanical prop-
erties (e.g. higher friction) as demonstrated by Vahdati and
Wagner in a finite element analysis [33]. In this collective,
all implants showed full integration into the defect margins
except for four cases in which some small skips could be seen
on at least one MRI slice. No relation between defect size and
skip formation could be noticed. As there is practically no
implant detachment, this strongly fortifies a future fixation-
free implantation not least to save costs.

Considerable improvements could be noticed in all clinical
scores in the present study. Decreased IKDC scores and Tegner
activity levels after six weeks can be explained by the ongoing
rehabilitation program with an interdiction of full weight-
bearing up to this time point. Close inspection of the KOOS
score reveals consistent low results in the symptom category
despite improvements in all other categories. This is in accor-
dance with the literature regarding other procedures like the
MACT for example [3]. This phenomenon may be explained
by a bias, as the KOOS score is a highly subjective interview. A
foreign body reaction caused by the collagen type I scaffold
seems unlikely, as proceeding implant degradation does not
correlate with an improvement in this subject category.

Literature review renders no direct comparison between cell-
free cartilage regeneration and other established procedures like
microfracturing or OCT for the treatment of large cartilage de-
fects until today. Studies with similar preconditions and defect
sizes of the knee using microfracture showed comparable clin-
ical results (IKDC, VAS, Tegner activity scale) after a two-year
follow-up in athletes [13]. Microfracture however has long been
compared to other procedures. Knutsen et al., for example, com-
pared microfracture against classic ACTwith no significant dif-
ferences after five years. However, a correlation between larger

defect sizes and higher failure rates could be seen for
microfracture [18]. These results are in accordance with the
five-year results of the TIG/ACT/01/2000&EXT Study
Group, showing that mid-term results of ACTandmicrofracture
do not differ significantly [34]. Studies investigating OCT also
showed comparable clinical results (IKDC, KOOS, VAS and
Tegner activity scale) to the present study after a two-year fol-
low-up [9, 10]. Consistency was also noted for the MR-
tomographic evaluation although OCT and cell-free implants
may not be fully comparable in this category [37].

Clinical (IKDC, KOOS, VAS and Tegner activity scale)
two-year results of a comparable collagen-based scaffold col-
onized with autologous chondrocytes (MACT) surprisingly
do not differ as compared to the results of the cell-free scaffold
used in the present study. MR-tomographic results
(MOCART) also yielded no significant differences [36].

The present study has some limitations. First, two-year
results have only been presented until now and the only per-
spective for this study can be derived from a comparison to the
small defects. Mid- and long-term follow-ups are needed to
formulate a clear recommendation for the use of cell-free im-
plants in cases of large cartilage defects. The sample size of
this study allows significant conclusions but is still very small
as compared to large clinical trials. Due to the nature of this
study a negative control group is missing. Comparison
of the results of cell-free and cell-seeded [26] implants
in a matched-pair manner however would be of quite an in-
terest. Unfortunately the study also misses biopsy samples to
show the scaffold transformation. For ethical reasons there is
no justification to routinely collect biopsies from the regener-
ative tissue after a certain time. Therefore cases like the one
reported by our own workgroup [29] will remain singular
examples in the clinical setting.

Conclusion

Cell-free collagen type I matrices appear to be a safe and
suitable treatment option even for large cartilage defects of
the knee. Results of this study were comparable to the
better-established findings for small cartilage defects.
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research fund of Arthro Kinetics.
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