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Reconstruction of cartilage tissue is an essential aspect of modern reconstructive surgery. This experimental study 
outlines the development and in vivo application of autologous cartilage tissue with flexible configuration with a Reperen 
on-lay mesh. As a result of the experiment, a novel method was developed for fixation of cartilage transplants in the recipient 
zone in a predetermined configuration. This allows for shape retention in the recipient zone during cartilage transplantation. 
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Cartilage tissue is often used in reconstructive and 
plastic surgery for correction of aesthetic and 
functional defects. The history of cartilage tissue 

reconstruction can be tied to the first documented 
attempt to reconstruct the auricular cartilage by 
Gillies in 1920. Gillies attempted to correct microtia 
via allogeneous rib cartilage transplantation [1]. 
Despite aesthetically valid results, allogenenous 
cartilage was unstable and would succumb to 
complete resorption [2]. Authors Young and Peer 
in the early 1940s performed autologous cartilage 
transfer. Due to high instability of transplants, they 
placed the cartilage into a metallic structure, which 
was later implanted into the anterior abdominal wall. 
After 5 months, the prefabricated cartilage was 
removed and transplanted into the recipient zone. 
Significant retention of required shape was noted [3]. 
Currently there is no unified method of autologous 
cartilage transfer in a fixed configuration.

The use of heavy structures for cartilage fixation 
often leads to extrusion, due to skin ulceration over the 
prosthesis and consequent suppuration [4]. Lighter 
silicone implants for cartilage tissue reconstruction 
proved to be extremely weak, and couldn’t withstand 
minimal traumatization. These implants had to be 
explanted after surgical procedure at various terms [5, 
6]. Non-organic implants for cartilage reconstructive can 
be popularized with development of sturdy biocompatible 
materials, which can be printed via 3D-printing technology 
[7]. These printed implantable structures are fixed to 
bones in the recipient zone [8]. 

The most acceptable approach to cartilage 
reconstruction lies in the combination of 3D modifiable 
structuring and autologous cartilage transfer. This can be 
achieved by implementing the bioengineering method, 
which consists of cartilage configuration and implantation 
with viability support and structural consistency [9]. 
Our experimental study was focused on development 
of an acceptable bioengineered method of autologous 
cartilage reconstruction with a predetermined, modifiable 
and consistent from. 

Material and Methods. This work was approved by 
the local ethics committee at Sechenov University. The 
experiment was carried out in accordance with the ethical 
standards of the Sechenov University institutional ethics 

committee and with accordance to ARRIVE and National 
Guidelines.

The experimental development of autologous 
cartilage transplant fixation of given parameter and 
size was conducted. After theoretical modeling of this 
method, experimental subcutaneous implantation of 
cartilage autotransplant with stability monitoring was 
performed in vivo. 

The material «Reperen» was used for developed of 
bioengineered implantable composite structure. Reperen 
was chosen due to sustainable inertness, low heat 
conductivity, modifiable configuration and stability. The 
later is necessary to modify the configuration of cartilage 
placed on the material, and is achieved by heating of 
Reperen. Reperen proved to be stable after configuration 
modification, inert to mechanical and chemical influence 
of organic tissue. 

The study included two groups of rabbits, 15 subjects 
in each group. Group A (control) included 15 rabbits, 
which received implantation of autologous cartilage 
tissue without modeling. Group B (experimental group) 
included 15 rabbits, who received implantation of 
modeled autologous cartilage tissue in complex with 
configured Reperen mesh. In each group, all the subjects 
received implantation of transplant subcutaneously on 
the interior surface of the auricle. The Reperen mesh was 
modified prior to implantation.

An autologous cartilage graft in rabbits from Group A 
was excised from the right ear in all cases, with consequent 
dicing into 0.1 cm×0.1 cm pieces and subperichonreal 
replantation into the left ear in the form of a cylinder with 
a diameter of 0.5 cm and size of 0.5×0.3  cm (Fig.  1). 
Rabbits from Group B underwent similar excision of 
cartilage from the right ear, after which the explanted 
tissue was prepared and micrografts were aquired. 
The creation of micrografts was performed via dicing of 
cartilage and removing excess tissue fragments [10]. The 
cartilage micrografts were placed onto a Reperen mesh, 
which was previously modified to sustain a cylindrical 
form. The combined structure was 0.55 cm × 3.0 cm in 
size. The composite Reperen-Cartilage structure was 
implanted subperichondreally into the left ear (Fig. 2). 
The extraction of the structures was performed 45 days 
after implantation. Histological evaluation of transplants 
was performed in each case. 

Реконструкция хрящевой ткани является актуальной проблемой в хирургии из-за частой потребности в вос-
становлении костно-хрящевых структур после хирургического вмешательства как с эстетической, так и с функ-
циональной точки зрения. Проведена экспериментальная разработка метода фиксированного хрящевого ауто-
трансплантата заданной формы и конфигурации с помощью микрографтинга хрящевой ткани на эксплантируемой 
подложке. Экспериментальное моделирование гибридного хрящевого аутотрансплантата проведено на живой 
биологической модели (ушной хрящ кролика). В результате выполненного эксперимента отмечается стабилиза-
ция формы аутотрансплантата при фиксации на аллогенной синтетической подложке. Таким образом, создана 
модель биоинженерного хряща с сохранением трехмерной формы и конфигурации в реципиентном ложе с под-
ложкой из реперена.

Ключевые слова: хрящевая аутотрансплантация, реперен, моделирование хряща, реконструкция хряща, репа-
рация тканей
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Fig. 1. The stage of experimental work: A – harvesting 
of cartilage for replantation; B – prepared autologous 

cartilage autotransplant

А

B

Fig. 2. The stage of experimental work: A – prepared 
for replantation autologous cartilage tissue on a matrix; 

B – replantation of bioengineered Reperen-cartilage complex

Results and Discussion. No infection related 
complication were noted in either group. The implant in 
Group A did not retain cylindrical from in any of the cases 
(15 subjects – 100 %). Implants (Reperen-cartilage 
complex) in group B retained cylindrical form in all 
cases (15 subjects – 100 %). Morphological evaluation 
of components was performed on the 14th and 21st 
days after implantation. Staining was performed by 
hematoxylin-eosin and Van-Gieson stain. Inflammatory 
response was absent in all cases. The results of 
histologic examination showed biocompatibility of the 
selected material (Reperen) for creation of a hybrid 
implantable complex (Fig. 3). The results suggest that 
the given method is effective and safe. It is our conclusion 
that Reperen-cartilage composite implants can be 
implemented in clinical practice for reconstruction of 
cartilage tissue. 

А

B

Fig. 3. Morphological investigation: A – tissue of habit ear are 
seen: epidermis, derma, cartilage and implant is visualized as 

two oval structures, separated by connective tissue, hematoxy-
lin & eosin stain, zoom x25; B – implant is visualized of light-

violet color, surrounded by connective tissue capsule 
of bright-red color, Van-Giesonstain, zoom x40

As a result of the experimental study, a functional 
analysis and development of a bioengineered Reperen-
cartilage complex was achieved. Based on knowledge of 
biochemical stability and compatibility of Reperen implants 
[11], analysis of the developed bioengineered structure 
with Reperen as a matrix was possible. The attributes 
of Reperen make it possible for application in complex 
reconstruction of cartilage tissue defects [12, 13]. 
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Modern progress in composite materials development is 
due to increased studies on bioengineered components 
[14]. The next stage in cartilage tissue replantation is 
currently considered to be decellularzation of transplants 
[15, 16]. Yet even decellularized tissue structures require 
fixation in the recipient zone for shape retention. This 
can be achieved with biocomposite matrixes, such as 
Reperen [17].

Conclusions. The developed method of 
bioengineered composite structure development for 
reconstruction of cartilage tissue is deemed successful. 
As a result of the experimental work, systematic analysis 
of literature, and experience in clinical practice, Reperen 

proves to be a biocompatible, inert material, which can 
be used for reconstructive purposes for modeling and 
fixation of cartilage tissue. Biofunctional characteristics 
of Reperen represent the safety in application of the 
exogenous material with lack of response from recipient 
organism immune system. Significant research into the 
clinical use of Reperen [18, 19, 20] shows the expediency 
of clinical application. Reperen has a low contamination 
potential, the material does not change size or form, it 
is inert. In the course of an in vivo experiment, a model 
for bioengineered cartilage structure of given three-
dimensional configuration is developed with Reperen 
used as a matrix for cartilage stability. 
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