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Aims

The aim of this retrospective study was to determine if there are differences in short-term
clinical outcomes among four different types of matrix-associated autologous chondrocyte
transplantation (MACT).

Methods

A total of 88 patients (mean age 34 years (SD 10.03), mean BMI 25 kg/m? (SD 3.51)) with
full-thickness chondral lesions of the tibiofemoral joint who underwent MACT were includ-
ed in this study. Clinical examinations were performed preoperatively and 24 months after
transplantation. Clinical outcomes were evaluated using the International Knee Documenta-
tion Committee (IKDC) Subjective Knee Form, the Brittberg score, the Tegner Activity Scale,
and the visual analogue scale (VAS) for pain. The Kruskal-Wallis test by ranks was used to
compare the clinical scores of the different transplant types.

Results

The mean defect size of the tibiofemoral joint compartment was 4.28 cm? (SD 1.70). In total,
11 patients (12.6%) underwent transplantation with Chondro-Gide (matrix-associated au-
tologous chondrocyte implantation (MACI)), 40 patients (46.0%) with Hyalograft C (HYAFF),
21 patients (24.1%) with Cartilage Regeneration System (CaReS), and 15 patients (17.2%)
with NOVOCART 3D. The mean IKDC Subjective Knee Form score improved from 35.71 (SD
6.44) preoperatively to 75.26 (SD 18.36) after 24 months postoperatively in the Hyalograft
group, from 35.94 (SD 10.29) to 71.57 (SD 16.31) in the Chondro-Gide (MACI) group, from
37.06 (SD 5.42) to 71.49 (SD 6.76) in the NOVOCART 3D group, and from 45.05 (SD 15.83)
to 70.33 (SD 19.65) in the CaReS group. Similar improvements were observed in the VAS and
Brittberg scores.

Conclusion

Two years postoperatively, there were no significant differences in terms of outcomes. Our
data demonstrated that MACT, regardless of the implants used, resulted in good clinical im-
provement two years after transplantation for localized tibiofemoral defects.
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Strengths and limitations

This is the first time more than two different matrices
have been compared in a clinical trial, as the current
literature consists only of small case series or compar-
isons to microfractures, which do not address the
question of whether the matrices available for
MACT show differences in terms of patient-reported
outcome scores.

The main advantage of this case control study is the
rapid provision of results.

A limitation of this study is the short-term clinical
outcomes of two years. Results over a longer period
of time would provide even better data related to the
clinical outcome.

This type of study is prone to bias compared to cohort
studies, and its retrospective design allows no presen-
tation of additional data.

Introduction

Articular cartilage lesions are one of the most frequent
types of injuries encountered in orthopaedic practice;’
they show no spontaneous healing response,? and often
lead to unicompartmental osteoarthritis (OA),*> which is
a common problem among young and active people.
Focal defects to the cartilage lead to progredient carti-
lage self-destruction and joint pain, ultimately resulting
in secondary OA.*

In the literature, a wide variety of surgical techniques
have been described for the treatment of singular
defects, for example microfracture (MFX),*> osteochon-
dral transplantation (OCT),* and autologous chondro-
cyte transplantation (ACT).” The common aim of all these
techniques is full cartilage regeneration or at least partial
recovery of cartilage tissue and, therefore, the ability to
return to preoperative activity levels.

Because of improvements and developments in carti-
lage repair, autologous chondrocyte transplantation
(ACT) has become popular.®? Although these techniques
require advanced surgical skills and experience, they
result in good clinical and radiological outcomes.'®®
The most common techniques are the third-generation
matrix-associated autologous chondrocyte transplan-
tation (MACT) procedures, with a two-step surgical
approach. A 3D biocompatible scaffold is used as a
carrier for cell growth and seeded with chondrocytes
from an initial arthroscopy and is implanted by mini-
arthrotomy.%° Biological matrices are composed of carti-
lage extracellular matrix molecules or biopolymers that
function as a scaffold for transplanted chondrocytes to
form more hyaline-like repair tissue in articular cartilage
defects. The matrices trap the cells in the chondral defect
and provide cell-matrix interactions that are designed to
stimulate differentiation into articular chondrocytes and
production of a hyaline-like extracellular matrix.*

As a result of technological advances, MACT -
compared to bone marrow-stimulating techniques such

as MFX - provides the possibility of differentiation of the
cartilage repair tissue, and thus the reformation of hyaline
or hyaline-like cartilage.'®'” It has also been shown that
MACT consistently improved patient-reported functional
outcomes compared with microfracture.”'>'® The safety
and clinical effectiveness of this procedure for the treat-
ment of large, symptomatic, full-thickness articular carti-
lage defects has been demonstrated in several studies,
which showed significant improvement in pain, func-
tion, and activity up to at least five years.'>'" However,
comparisons between different types of MACT grafts are
lacking in the literature. The four most common types
are Hyalograft C autografts (Fidia Advanced Biomaterials,
Italy), matrix-associated autologous chondrocyte implan-
tation (MACI) (Genzyme, USA), Cartilage Regeneration
System (CaReS) (Arthro Kinetics Biotechnology GmbH,
Austria), and NOVOCART 3D (TETEC, Germany).

Hyalograft C is a hyaluronan web seeded with previ-
ously obtained cells and cultivated in 2D for at least two
weeks. MACI is a collagen type I/lll membrane seeded
with chondrocytes and cultivated in 3D for one week.
CaReS is a collagen type | gel; the obtained cells are mixed
with the gel directly without monolayer cultivation and
then 3D cultivation is performed for three weeks. NOVO-
CART 3D is a bilayered collagen type | sponge containing
chondroitin-sulfate. The cells are isolated from full-depth
cartilage cylinders, multiplied in monolayer, and seeded
onto the scaffold. This construct is cultivated for two days
under 3D condition.™

For the first time, this study aims to compare four
commonly used transplant types in terms of their clinical
outcomes. The hypothesis of this study was that there is
a difference in the clinical outcome in regard to the used
implant.

Methods

Data collection. In this retrospective cohort study, 101
patients with symptomatic traumatic defects of the artic-
ular cartilage of the knee (tibiofemoral joint area), treat-
ed between January 2000 and July 2014 with MACT at a
single academic clinical centre, were included. Data were
extracted from our clinic’s cartilage database. During this
time period, four different types of MACT grafts were
used. First, there were Hyalograft C autografts, which are
hyaluronan webs. Second, there was MACI, a collagen
type I/l membrane. This collagen membrane is manu-
factured by Geistlich (Switzerland) and is separately avail-
able under the trade name Chondro-Gide. Genzyme uses
this membrane to produce their chondrocyte transplant
MACI in a production facility in Europe. Third and fourth
are the collagen type | gel CaReS and NOVOCART 3D,
which is a bilayered collagen type | sponge containing
chondroitin-sulfate, respectively. Because differences in
clinical outcomes have been described between cartilage
transplantations in the tibiofemoral and patellofemoral
joint area,™ only patients with defects restricted to the ti-
biofemoral joint area were selected for the study.
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Fig. 1

Patient inclusion flowchart.

Study participants were between 19 and 50 years
of age with a defect size of > 2 cm? and no knee insta-
bility or misalignment (axis deviation > 5°). MRI was
performed in all patients to evaluate cartilage defect size
and comorbidities, such as ligament rupture or meniscal
tears. Additionally, knee stability was tested clinically in
each patient prior to surgical intervention. For the ante-
rior cruciate ligament, Lachman’s test and anterior drawer
were used, as well as pivot shift in the operating theatre.
The posterior cruciate ligament was tested with the
posterior drawer and stability of the collateral ligaments
was tested by stress test in 0° and 30° of knee flexion.
There were no restrictions on the upper limit of the defect
size or the number of defects. Patients were excluded
from the study if they had a BMI of > 30 kg/m?, totally or
partially resected menisci, severe neurological disorders,
metabolic arthritis, joint infections, tumours, psychiatric
diseases, arthrofibrosis, autoimmune diseases, or if they
were pregnant. All patients provided written informed
consent before study enrolment. Clinical examinations
and evaluations were performed preoperatively and
after three, six, and 12 months, whereas the statistical

evaluation was performed preoperatively and 24 months
after transplantation. Clinical outcomes were evaluated
using the International Knee Documentation Committee
(IKDC) Subjective Knee Form,* the Brittberg score,?' the
Tegner Activity Scale (TAS), and the visual analogue
scale (VAS) for pain.?® After applying the inclusion/exclu-
sion criteria and excluding the patients who were lost to
follow-up, 88 patients could be included. Detailed infor-
mation is presented in Figure 1.

Before the study was started, the corresponding
ethical review board of Medical University of Vienna
approved the study. The paper was written according to
the STrengthening the Reporting of OBservational studies
in Epidemiology (STROBE)?* guidelines.

Statistical analysis. The statistical analysis included a
tabular description of the demographic data and clinical
scores (IKDC Subjective Knee Form, Brittberg score, TAS,
and VAS). The statistical evaluation was performed using
SPSS software version 23.0 (IBM, USA). Values are pre-
sented as the mean and standard deviation (SD). Groups
were compared using one-way analysis of variance
(ANOVA), followed by post hoc pairwise comparisons to
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Table I. Descriptive statistics.

Characteristic Total MACI HYAFF CaReS NOVOCART 3D p-value

Number 88 n 40 21 16 N/A

Sex, n (%) 0.396*

Male 61 10 27 13 mn

Female 27 1 13 8 5

Mean age, yrs (SD) 34 (10) 33 (6) 36 (10) 31 (10) 3409) 0.3437

Mean BMI, kg/m? (SD) 25.2(3.5) 27.1 (3.0) 24.2 (3.8) 24.6 (4.3) 24.8 (3.2) 0.247%

Mean defect size, cm? (SD) 4.3(1.7) 3.4 (1.7)18 3.9(1.6)% 5.1 (1.4)8 4.8 (1.8) 0.0211

Defect location, n 0.023

MEFC 64 8 32 14 10

LFC 21 3 7 6

MEFC + LFC 3 0

*Chi-squared test.

tAnalysis of variance.

FStatistically significant difference between MACI and CaReS grafts.
§Statistically significant difference between HYAFF and CaReS grafts.

fAnalysis of variance with pairwise comparison using Benjamini-Hochberg correction for multiple comparisons.
CaReS, Cartilage Regeneration System; HYAFF, Hyalograft C; LFC, lateral femoral condyle; MACI, matrix-associated autologous chondrocyte
implantation; MFC, medial femoral condyle; N/A, not applicable; SD, standard deviation.

Table II. Clinical data.

Mean score (SD) Total MACI HYAFF CaReS NOVOCART 3D
Brittberg, pre-surgical 3.2(0.6) 3.3(0.5) 3.1(0.7) 3.2(0.6) 3.6 (0.6)
Brittberg, 24 mths post-surgical 2(0.8) 1.9 (0.7) 2(0.8) 2.3(0.7) 2(0.7)
IKDC pre-surgical 38.3(10.9) 36 (10.3) 35.7 (6.5) 45.1 (15.8) 371 (5.4)
IKDC 24 mths post-surgical 73 (17.5) 71.6 (16.3) 75.3(18.4) 70.3 (19.7) 71.5(6.8)
VAS pre-surgical 5.6 (2.0) 6.6 (0.9) 5.5(2.0) 5.2(2.5) 5.0(1.4)
VAS 24 mths post-surgical 2.0(1.9) 1.8 (1.3) 1.6 (1.7) 2.9(2.5) 1.6 (0.9)
Tegner-Lysholm pre-surgical 1.9 (1.5) 1.9 (0.7) 1.6 (1.3) 2.5(2.2) 1.0 (0.8)
Tegner-Lysholm 24 mths post-surgical 4.3(1.2) 4.3 (1.6) 4.4 (1.3) 4.2 (0.8) 4.2 (1.1)

CaReS, Cartilage Regeneration System; HYAFF, Hyalograft C; IKDC, International Knee Documentation Committee Subjective Knee Form; MACI,
matrix-associated autologous chondrocyte implantation; SD, standard deviation; VAS, visual analogue scale for pain.

compare the mean values of each group. To adjust for
multiple comparison Benjamini-Hochberg correction
was used. Since the data were not normally distribut-
ed (Shapiro-Wilk test), non-parametric tests were per-
formed. The Kruskal-Wallis test by ranks was applied to
compare the clinical scores of the different transplant
types. Statistical tests were considered statistically signifi-
cant when p-values were lower than 0.05.

Results

A total of 88 MACT procedures were performed in 88
patients (26 female and 62 male) with a mean tibiofem-
oral lesion size of 4.27 cm? (SD 1.70). The mean age at
the time of implantation was 34 years (18 to 48). There
were no significant differences found between the four
MACT groups regarding age, sex, and BMI (p = 0.343
(ANOVA), 0.396 (chi-squared test), and 0.247 (ANOVA),
respectively). However, concerning the defect size, a
statistical significance between the MACI and CaReS
grafts (p = 0.021 (ANOVA)) as well as between the HYAFF
and CaReS grafts (p = 0.023 (ANOVA)) could be detected,

with a larger size in the CaReS group. In total, 11 MACI,
40 HYAFF, 21 CaReS, and 16 NOVOCART 3D procedures
were performed. The mean BMI and the defect sizes are
presented in Table | in detail.

The IKDC Subjective Knee Form score and Tegner
activity score increased in all matrices between the pre-
and post-surgical evaluations. Furthermore, the overall
Brittberg score improved, and pain according to the VAS
score showed a solid decrease in all four groups after
transplantation. The results are presented in Table Il, and
in Figures 2 and 3.

The data for the preoperative IKDC Subjective Knee
Form score (p = 0.121), as well as for the Tegner Activity
Scale (p = 0.296), the Brittberg score (p = 0.429), and the
VAS for pain (p = 0.170) showed no statistical significance
among the four different transplants. There was also no
statistical significance 24 months postoperatively in the
IKDC Subjective Knee Form score (p = 0.596), the Tegner
Activity Scale (p = 0.717), the Brittberg score (p = 0.203),
and the VAS (p = 0.757) among the four different trans-
plants (all p-values calculated using Kruskal-Wallis test).
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Fig. 2

Box plot showing the clinical results 24 months after matrix-associated autologous chondrocyte transplantation with different scaffolds: a) International Knee
Documentation Committee (IKDC) Subjective Knee Form, b) Tegner Activity Scale, c) Brittberg score, and d) visual analogue scale (VAS) for pain. CaReS,
Cartilage Regeneration System; MACI, matrix-associated autologous chondrocyte implantation.

These results, as well as the clinical progression of all four
matrices after surgery, comparing the pre- and postoper-
ative outcomes, can be seen in Figure 3.

No product-specific adverse events were recorded for
any of the 88 patients. Typical postoperative swelling
and effusion after the MACT procedure were not rated
as product-specific adverse events and resolved in all
patients within four to six weeks. To our knowledge,
there was no postoperative fever or infection, and no
patient had to undergo a reoperation.

Figures 4 to 7 present exemplary MRIs of all used graft

types.

Discussion

The basic idea behind autologous chondrocyte implan-
tation is the restoration of a cartilage defect with hyaline
cartilage, which provides structural, biomechanical, and
biochemical properties necessary to sustain normal joint
function and loading in the long term.?® MACT is an
applicable and attractive option for the treatment of carti-
lage lesions, especially in athletes and active patients.

Improvement in clinical outcomes has varied from 70% to
80% in the repair of cartilage in the knee.?¢-2¢ Reduced VAS
pain levels and improvements in the Lysholm-Gillquist,
Tegner-Lysholm, and International Knee Documentation
Classification scale scores (p < 0.05) were observed.?¢
The success of grafts lies in the graft’s ability to mimic the
native structure and support cell growth and production
of a tissue-specific extracellular matrix. MACT requires
sufficient expansion of autologous chondrocytes before
they are seeded on suitable biodegradable 3D matrices.
To meet the requirements for clinical use, a scaffold must
be highly biocompatible, non-toxic, and resorbable,
and must fulfill specific mechanical properties including
stability and resilience.

Despite a wide variety of available scaffolds, only a few
are in clinical use for MACT today.? Highly different in
their manufacturing process as well as in their compo-
sition and mechanical properties, these scaffolds are
further distinguished as protein-based (e.g. collagen and
fibrin),?*° polysaccharide-based (e.g. alginate, chitosan,
hyaluronic acid, and cellulose),** and synthetic (e.g.
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Fig. 3

a) International Knee Documentation Committee (IKDC) Subjective Knee Form, b) Tegner Activity Scale, c) Brittberg, and d) visual analogue scale (VAS) for
pain mean scores in patients treated with matrix-associated chondrocyte transplantation with four different matrices over time. CaReS, Cartilage Regeneration

System; MACI, matrix-associated autologous chondrocyte implantation.

Fig. 4

Preoperative and follow-up MRI of a 45-year-old male patient two years after matrix-associated autologous chondrocyte transplantation procedure with the
NOVOCART 3D 543 mm x 270 mm (72 x 72 DPI).

polylactic-coglycolic acid (PGA) and polyethylene glycol cartilage-specific genes in these four different clinically
(PEG)) biomaterials.35-% applied graft systems. Their data demonstrated that gene

Albrecht et al'” analyzed the influence of scaf- expressionand cell differentiation differed highly between
fold composition and structure on the expression of the analyzed scaffolds at the time of transplantation.
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Fig. 5

Preoperative and follow-up MRI of a 31-year-old female patient two years after matrix-associated autologous chondrocyte transplantation procedure with the

CaReS-System 588 mm x 268 mm (72 x 72 DPI).

10mm

Fig. 6

Preoperative and follow-up MRI of a 25-year-old female patient two years after matrix-associated autologous chondrocyte transplantation procedure with the

Hyalograft C Transplantation system.

They suspected these differences resulted from scaffold
characteristics as well as culture conditions, e.g. highly
variable passage numbers, from the companies. Despite
cultivation under 3D conditions, the cell differentiation
of all transplant types did not reach the levels of native
cartilage.?® In another recent study, chondrocytic gene
expression was correlated with repair tissue quality and
graft survival in patients after second-generation autol-
ogous chondrocyte implantation (ACI).>* Despite all the
techniques available on the market supporting surgical
cartilage restoration, there are several other approaches
presented in literature. These approaches are on a cellular
level,* methods binding on different receptors,*" or
inhibitors on a cellular level,*? or even acting on T-cells
activating anabolic and catabolic genes in articular chon-
drocytes.®* However, all these methods are still being
explored and have not yet passed the stage of animal

or in vitro studies. A promising method seems to be the
one presented by Harada et al,** where transplantation
of autologous bone marrow mesenchymal stem cells
with temporary distraction arthroplasty provides the best
cartilage repair for a large, chronic osteochondral defect
in the weight-bearing area in rabbits.

The novelty of this paper is the comparison of four
different graft types among their clinical results in human.
Published studies have varied in terms of their quality and
which techniques have been compared with one another.
To our knowledge, there are no studies comparing more
than two different matrices in a clinical trial. The current
literature consists only of small case series or comparisons
to microfractures,*® and does not address the question of
whether the matrices available for MACT show differences
in terms of patient-reported outcome scores. There-
fore, this is the first study comparing two-year clinical
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Fig. 7

Preoperative and follow-up MRI of a 35-year-old male patient two years after matrix-associated autologous chondrocyte transplantation procedure with the
MACI-System 963 mm x 450 mm (72 x 72 DPI). MACI, matrix-associated autologous chondrocyte implantation.

outcomes of patients treated with different graft types for
symptomatic, traumatic chondral defects restricted to the
tibiofemoral joint area. Based on clinical score systems,
we compared four different graft types to determine
differences in short-term clinical outcomes. The major
finding of this study was that our data showed no signif-
icant differences in the clinical outcomes regarding the
graft types used (Table II). As mentioned above, Albrecht
et al’ demonstrated that gene expression and cell differ-
entiation differ highly between the analyzed scaffolds at
the time of transplantation. According to our data, this
had no major influence on the clinical outcome. Other
influencing factors need to be considered, such as the
activity level prior to the injury, defect size, age, and reha-
bilitation. Ebert et al*® reported statistically significant
improvements in clinical scores as well as MRI outcomes
five years after MACT. Addressing this particular issue,
a controversial influence is the activity level prior to the
injury. Mithoefer et al,''" Kreuz et al,¥” and Knutsen et
al'” reported better clinical outcomes for more active
patients, whereas Van Assche et al*® could not find a
correlation and attributed this to the different durations
of preoperative symptoms. In our study, we showed an
enhancement in the above-mentioned scores without
going into detail concerning whether there were better
clinical outcomes for more active patients. Another influ-
encing factor could be the defect size, which was given
no restrictions on the upper limit or number in our study.
There are reported differences when comparing single
and multiple transplants, with significantly worse results
in the group with more than one transplant. This was

attributed to the larger defect size and an adapted reha-
bilitation protocol.*

Moreover, age-related differences are mentioned by
other authors, demonstrating better results in younger
patients, especially with regards to return to sports.*® As
far as this matter is concerned, there was no significant
result in our population.

Attention should also be given to rehabilitation
after the surgical procedure. The individual patients’
progress may deviate, especially in athletes and active
patients; therefore, physiotherapeutic support should be
adapted and guided by patients’ symptoms. A standard-
ized procedure to prevent delamination of the graft is
crucial.’® Further clinical trials and studies, as well as eval-
uation and comparison of long-term morphological and
biomechanical MRl measurements are needed to clarify
the influencing parameters.

There are some limitations to this study. Firstly, its
retrospective design meant that no additional data can be
presented. The aim of the study was to investigate clinical
differences between the four used graft types, which can
be achieved within the framework of this study design.
Another limitation of this study is the relatively low
number of patients due to the specific location of defects
in the tibiofemoral joint, which was done to obtain a
statistically homogeneous group.™ The additional subdi-
vision of the study population into four groups is another
limitation, as is the short follow-up time of only 24
months. The abovementioned small number of patients
in the NOVOCART 3D group did not allow for a statistical
analysis of the improvement from baseline levels in the
IKDC Subjective Knee Form.
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In conclusion, our data demonstrated that MACT
resulted in good clinical improvement for tibiofemoral
defects two years after transplantation, regardless of
the graft type used. Different transplant composition
and architecture did not significantly influence clinical
outcomes in our study population. Further clinical trials
comparing a larger number of patients in a randomized
prospective study design are needed to clarify clinical
outcomes.
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