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ABSTRACT

Introduction: Trauma, sports, or the normal aging degen-
erative process may damage the articular cartilage. Surgical meth-
ods that are most often used to manage cartilage defects include
autologous chondrocyte implantation, mosaicplasty, microfractures,
perforations, and joint arthroplasty in cases of severe damage. An-
other approach is to use collagen gel for cartilage defect recon-
struction. Its biocompatibility, high tensile strength, and minimal
invasiveness make it an attractive solution. ChondroFiller gel is a
two-component collagen implant that could be used in the treat-
ment of traumatic or degenerative chondral lesions. After applica-
tion, it forms a protective cover for the damaged chondral area and
provides structural support for the stem cells that migrate to its
collagen matrix. Thus, with ChondroFiller, we aim to restore ar-
ticular cartilage, prevent further degenerative processes, and return
to normal joint function. In this research, we have investigated the
application of ChondroFiller during knee arthroscopy to treat knee
articular cartilage lesions.

Methods: The clinical study was conducted at the Univer-
sity Hospital—Pleven Clinic of Orthopedics and Traumatology be-
tween 2012 and 2023. Seventeen patients (ten males and seven
females) with a mean age of 31 years underwent knee chondro-
plasty with ChondroFiller gel, and their data was analyzed. Knee
function was assessed using the Lysholm scale and IKDC score.
The follow-up period was twelve months.

Results: Statistical analysis has shown a significant dif-
ference between pre-operative Lysholm and pre-operative IKDC
score and 3rd month, 6th and 12 months. Significant difference is
detected between the 3rd month and 6th and 12th months Lysholm
and IKDC scores (p < 0.05). No statistical difference was found
between 6 and 12 month (p > 0.05).

Conclusion: Restoring joint congruity is challenging. Over-
all, we have found encouraging results by employing ChondroFiller
to restore articular cartilage. We believe that Chondrofiller provides
an excellent surgical solution to younger patients with chondral
defects less than 2cm?. In our opinion, further research in the field
of collagen implants is needed to discover long-term effect.

Keywords: Cartilage repair, Knee Joint, Articular Cartilage,
Acellular scaffolds,
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INTRODUCTION

Currently, no universal technology exists for the re-
pair of cartilage defects that is suitable for all patients [1].
Various techniques have been discussed, including
microfracture, perforation, mosaicplasty, and autologous
chondrocyte implantation, among others [1, 2]. Each of
these methods was developed with the primary goal of re-
constructing cartilage. However, the underlying biological
challenge lies within the nature of cartilage itself [3]. Un-
like many other tissues in the body, which possess a sig-
nificant capacity for recovery or at least the formation of
scar tissue, hyaline cartilage lacks this ability due to its
avascular nature and the limited mitotic potential of
chondrocytes [4]. Consequently, after surgical intervention,
the injured area is typically covered by fibrous cartilage,
which does not possess the same mechanical properties as
hyaline cartilage and is more susceptible to degenerative
changes [6]. Over time, this can lead to joint degeneration,
which will ultimately necessitate arthroplasty.

To address this biological challenge, we need to find
a biological solution. One such approach involves the use
of an absorbable acellular collagen implant [7]. Ideally, af-
ter application, this collagen implant would provide a ma-
trix for multipotent stem cells and chondrocytes, facilitat-
ing their migration and differentiation [8, 9]. It should also
replicate the natural biological and mechanical properties
of hyaline cartilage while providing mechanical support
for the migrating cells [8, 9, 10]. At the same time, as a
bioabsorbable material, it should also be gradually replaced
by newly formed hyaline cartilage [11].

Chondrofiller is an example of an absorbable acel-
lular collagen implant. When applied to the focal area of a
cartilage lesion, it forms a protective layer over the injured
area and provides a matrix for the migration of stem cells
from bone marrow. Promising results have been reported in
both in-vitro and in-vivo studies. The purpose of this study
was to investigate the use of ChondroFiller liquid® in the
arthroscopic treatment of focal articular cartilage lesions
of the knee.
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METHODOLOGY

The clinical study was conducted at the University
Hospital—Pleven, within the Clinic of Orthopedics and
Traumatology. The study includes patient data from 2012
to 2023. Twenty-two patients underwent knee chondro-
plasty with ChondroFiller liquid. Five patients missed
their follow-up appointments and thus were excluded from
the analysis. Thus, the data of seventeen patients (ten
males and seven females) were analyzed. Each patient pro-
vided written informed consent prior to surgery. The fol-
low-up period for the study was twelve months. Knee func-
tion was evaluated using the Lysholm scale and IKDC
score.

The exclusion criteria included: under 18 years old,
over 65 years old, previous history of chondroplasty sur-
gery and Kellgren-Lawrence grade <2.

Each patient received a dose of Enoxaparin 6000E
(Fraxiparine) 12 hours before the surgery, and deep vein
thrombosis (DVT) prophylaxis was continued for 15 days
postoperatively.

Knee arthroscopy was performed in a standardized,
systematic manner as outlined by Ward and Lubowitz
(2013) [12]. Each patient was operated by the same sur-
geon. Upon visualizing the defect, its size was carefully
measured using a probe, and the area was prepared. The
preparation process involved careful debridement using
a curette and a shaver. Microfracturing was then carried
out using the technique originally described by Steadman
et al. Following this, the arthroscopic saline solution was
evacuated from the knee joint, and a cotton swab was
used to further dry the area of the chondral lesion.
Chondrofiller liquid was implanted using a spinal needle
[Fig 1]. The gelification of the implant was assessed visu-
ally. At the completion of the gelification, the gel was
gently checked with the probe. Postoperatively, the oper-
ated limb was immobilized with a knee orthosis for 48
hours in a flexed position (35 degrees). Patients were per-
mitted to gradually begin applying weight to the oper-
ated limb four weeks after surgery. Full weight-bearing
and the resumption of sports activities were allowed six
months post-surgery.

Fig. 1. Application of Chondrofiller liquid on the prepared area.

STATISTICAL ANALYSIS AND RESULTS

All data was checked for normal distribution by the
Kolmogorov-Smirnov test. The alpha level of significance
was set to 0.05. One-way repeated measures ANOVA with
Tukey post-hoc test was used to analyze data. Statistical
analysis was performed using Minitab® version 22.1 and
Microsoft Office 2021.

Data from seventeen patients (10 males and seven
females) were analyzed. The average age of the patients
was 31 + 4. The average defect size was 2.3 = 0.73 cm?.
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Fig. 2. Probability plot of patient age. Normal dis-
tribution (p > 0.150).
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Fig. 3. Histogram of patient age.
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Data was found to be normal according to the
Kolmogorov-Smirnov test. Statistical analysis has shown
a significant difference between pre-operative Lysholm
score and 3rd month, 6th and 12 months. Significant dif-
ference is detected between the 3rd month and 6 and 12
months Lysholm score (p < 0.05). No statistical difference
was found between 6 and 12 month (p > 0.05).

Fig. 4. Statistical analysis of Lysholm score.
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Statistical analysis has shown a significant differ-
ence between pre-operative Lysholm score and 3rd month,
6th and 12 months. Significant difference is detected be-
tween the 3rd month and 6 and 12 months Lysholm score
(p < 0.05). No statistical difference was found between 6
and 12 month (p > 0.05).
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Fig. 5. Statistical analysis of IKDC score.
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Statistical analysis has shown a significant differ-
ence between pre-operative IKDC score and 3rd month,
6th and 12 months. Significant difference is detected be-
tween the 3rd month and 6 and 12 months Lysholm score
(p < 0.05). No statistical difference was found between 6
and 12 month (p > 0.05).

DISCUSSION

Restoration of cartilage defects still remains a ma-
jor obstacle in orthopedics [12]. Lots of research has been
focused during the last decade to finding suitable bioma-
terial which could be used.

In their 2011 study, Schneider et al. investigated
the effectiveness of a cell-free collagen type-I gel com-
pared to a cell-seeded collagen gel for treating full-thick-
ness chondral defects in an animal model [9]. After one
year, both treatment groups exhibited mature hyaline-like
repair tissue at the defect site, while the control group de-
veloped fibrous tissue. Multivariate analysis of the
O’Driscoll score showed no significant differences be-
tween the two types of active treatments (cell-free and
cell-seeded).

In a separate study, Buma P et al. investigated the
implantation of cross-linked type I and type II collagen
matrices into chondral defects, both with and without at-
tached chondroitin sulfate [8]. After four weeks, they ob-
served that defects treated with type I collagen-based ma-
trices were almost entirely filled with cartilage-like tis-
sue. In contrast, defects filled with type II collagen ex-
hibited cartilaginous tissue primarily at the interface be-
tween the matrix and subchondral bone, as well as super-
ficially. The study also noted that defects treated with
type I collagen demonstrated superior histological out-
comes. The absence of blood vessels in the defect area
led to the hypothesis that the collagen matrix facilitated
the migration of mesenchymal stem cells from the
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subchondral region, promoting their differentiation into
a chondrocytic phenotype. Further support for cell migra-
tion from host tissue into the collagen matrix is provided
by studies conducted by Schuman L et al., Gavenis K, et
al. and Schneider U, et al., although the precise mecha-
nisms behind this phenomenon remain unclear [9, 13, 14].
Additionally, research by Yates K, et al. has shown that
collagen matrices create favorable conditions for chondro-
cytes to maintain viability, morphological integrity, and
synthetic activity [15, 16].

In 2016, Schneider U, conducted a study compar-
ing the use of Chondrofiller with the microfracture pro-
cedure for treating articular cartilage lesions in the knee
[17]. Interestingly, the study reported a high dropout rate
among patients in the microfracture group, although spe-
cific reasons for these dropouts were not provided; it was
mentioned that they occurred following the randomiza-
tion process. Despite this limitation, MRI investigations
after surgery performed after one year indicated complete
integration of the collagen implant, with the imaging re-
portedly revealing an isointense signal that was largely
indistinguishable from the surrounding healthy cartilage.

Mazek J, et al. [7] found Chondrofiller to be effec-
tive in the treatment of cartilage defects more than 2cm?,
as evidenced by control MRI evaluation at 6 and 18
months postoperatively. However, they also simultane-
ously notice and discourage the use of Chondrofiller in
patients with Tonnis grade 2 and 3. They suggest that
joint space of <2mm and high Tonnis grade should be
considered as a contraindication for chondroplasty with
Chondrofiller. Whereas a good or excellent score accord-
ing to the modified Harris Hip Score (mHHS) was obtained
in patients with Tonnis grade O and 1 lesion, the only
poor outcome was seen in 2 patients with Tonnis grade 2.
In our opinion, the patients who are subject to knee chon-
droplasty with Chondrofiller should be with Kellgren-
Lawrence grade less than 3.

Von Engelhardt L, et al. discuss the use of
Chondrofiller in treating a Grade 4 Outerbridge cartilage
defect on the articular surface of the femoral head in a
professional athlete [18]. Interestingly, the chondral le-
sion was discovered incidentally during an arthroscopic
surgery initially planned for the removal of an osteoid os-
teoma. This case is particularly noteworthy as it involved
the simultaneous performance of two distinct procedures.
The patient was able to return to professional sports
within eight months, remaining pain-free and without any
further complications.

The inclusion of cells or the use of an acellular
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technique, as in our study, remains a topic of ongoing de-
bate [19]. While existing literature provides evidence of
mesenchymal stem cell (MSC) migration into hydrogel
matrices, there is still a lack of documented long-term out-
comes comparing acellular vs cellular-based approaches.
Additionally, there is ongoing controversy surrounding
the use of microfracture or tunnelization procedures prior
to the application of Chondrofiller.

In our study, similar to the work of Schneider U,
we utilized the microfracture technique prior to the ap-
plication of Chondrofiller gel [17]. The rationale behind
this approach is that microfractures may enhance the in-
tegration of repair tissue with the surrounding cartilage
and promote cell migration when used in conjunction
with a scaffold implant [20]. However, Strauss E, et al.
pointed out that the use of the microfracture technique is
predominantly yet limited to animal studies and case re-
ports, such as those published by Erggelet C, et al.,
Hoemann et al., Zantop and Petersen (2009) [21, 22, 23].
As a result, some researchers, including Engelhardt et al.,
choose not to use microfracture or tunnelization tech-
niques, in contrast to the approaches taken in our study
and Schneider’s research.

According to the manufacturer, Chondrofiller must
be applied in a dry environment. In our study, we achieved
this by evacuating all arthroscopic fluid and using a cot-
ton swab to dry the defect area. However, as demonstrated
by Mirzayan R, et al., who utilized CO2 insufflation in-
stead of saline solution, CO2 not only provides adequate
visualization but also maintains a dry environment [24].
Therefore, employing CO2 insufflation could enhance the
efficiency of the arthroscopic application of Chondrofiller
or any other matrix/scaffold. Additionally, it would elimi-
nate, albeit with a low risk of inadvertently leaving cot-
ton swab remnants within the joint. Based on our clinical
trial, we recommend using carbon dioxide for joint insuf-
flation during arthroscopy.

A limitation of this study is the absence of a con-
trol group. Future research that aims to randomize groups
should consider the findings of Schneider U, where a sig-
nificant number of patients randomly allocated to the
microfracture (control) group declined randomization and
chose to withdraw from the study [17]. Despite this limi-
tation, our study still demonstrated a statistically signifi-
cant improvement in the Lysholm and IKDC score over
12 months compared to the pre-operative state.

Overall, we agree with the point of many authors
such Buryanov O, et al., Bong and Lee; Strauss E, et al.
Schneider U, Mazek J, et al. that further research in this
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field is warranted [1, 7, 17, 20, 25]. As pointed by Mazek
J, et al., further research should also aim to investigate
the long-term effect of free-cell collagen implants [7].

CONCLUSION

Chondral defects could be successfully treated by
implantation of cell-free type-I collagen. However, ad-

riods.

ditional studies are required to further validate the use
of cell-free type-I collagen in mid-term and long-term pe-
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