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The aim of the study was to investigate the interaction of experiment samples biomorphic
ceramics based on silicon carbide with bone tissue by scanning electron microscopy. To achieve this
goal in a laboratory experiment 20 rats underwent implantation of test material samples in the lower
jaw bone tissue. Animals were removed from the experiment in terms of 7, 30 and 90 days after the
start of the experiment and the subsequent investigation of the material surface and area of it contact
with the bone tissue.

Based on these results, it was found that the investigated ceramic microarchitectonics promote
the process of reparative osteogenesis by providing conditions for colonization of living cells on the
surface of the material. It was proved the possible to contact the coexistence of bone and implants of
biomorphic silicon carbide with no signs of rejection or its delimitation. Analyzing results of SEM
revealed bone adaptation and bone restructuring in the presence of silicon carbide and its
germination pores close fit to the material to its surface.

Introduction

Research and introduction into clinical practice a new class of implants materials
which were created in accordance with the principles of biomimetics, as a very promising area
of medical materials science nowadays. These materials were synthesized from biological
tissues or have properties similar to living structures [1, 2]. As an example, plant material,
including wood and its derivatives, has a complex structure and is characterized by a great
mechanical resistance, low density, high toughness, elasticity and endurance against any
damage. These advantages are caused by genetically formed structure that had developed and
perfected in the process of evolution [3, 4].

In this aspect, functional similarity of wood and bone is noteworthy, in particular their
ability to remodeling of the internal structure in response to external, often mechanical
irritation, the presence of cambial cell layer for peripheral volume increase and continuous
self-renewal. The wood as a matrix for the manufacture of carbon materials with natural
architectonics increasingly attract the attention of researchers from different countries [5, 6].
Therefore, based on these natural materials more and more types of ceramic materials have
been produced.

Production of ceramics with biomorphic properties in most cases involves two main
stages: creation of carbon matrix from biological preform and its direct conversion into
ceramics. The presence of carbon matrix of a biological object allows obtaining material
which is pseudomorphic to this object and it will have similar structure to the biological
sample at the micro, meso and macro levels. Such natural hierarchical porous structures have
a high level of complexity that is not available in other modern technologies of
production [7].

Potentially promising material of this class has been developed at V. Lashkarev
Institute of Semiconductor Physics, NAS of Ukraine. It has been made by silica impregnation
of “channel” carbon matrices that have been obtained due to pyrolysis (carbonization) of
different species of wood [8].
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At the same time one of the pressing issues of modern reconstructing surgery is the
search and development of new implant materials to expand the range of treatment methods
while eliminating defects, deformities of tissues or impart them a new shape and function.
Conducting a series of reconstructive operations requires the use of synthetic materials as
fixators of bone fragments, barriers between different types of tissue, supports to hold the
shape or the implementation of a specific function.

Taking into account the prospects of ceramics based on silicon carbide as a material
for implantation for solving various problems of reconstructive surgery, we set the goal to
research experimentally the reaction of bone tissue and peculiarities of reparative osteogenesis
in the implantation area of samples of ceramics based on silicon carbide by scanning electron
microscopy (SEM).

Materials and methods

To achieve this goal we performed an experiment on 20 white laboratory male rats, weight
-250-280 g. Foraminous bone defects of the mandible were applied with bur (diameter - 1,5 mm,
depth -3 mm) under intramuscular ketamine narcosis according to the principles of medical
ethics. After hemostasis silicon carbide samples of the same size with a diameter of 1,5 mm and a
length of 2 mm were placed into the defects. The tissue layers were cut down. Five intact rats
served as a control group. The animals were kept under normal conditions of vivarium and they
were taken out of the experiment in terms of 7, 30, 90 days after implantation by lethal dose of the
drug for narcosis.

SEM research of the contact zone of samples of biomorphic ceramics based on silicon
carbide with bone tissue after removing them from the body of experimental animals were carried
out on the device JEOL-100 (Japan) in Institute of Physics, NAS of Ukraine. After intake of the
specimens defatting and washing of bone fragments in 96% alcohol, after they were dried out in a
vacuum. In order to prevent the accumulation of surface charge on the surface of the sample,
which could potentially affect the secondary electron emission, it was covered with a thin film of
gold with thickness of 100 A® by cathode sputtering. The thickness of the film deposition was
tested by piezoelectric crystal sensors directly inside the vacuum evaporator. Scanning electron
microscopy was carried out in the various fields of view, with an increase from 1:40 to 1:10,000,
researching the entire surface of the sample of biomorphic ceramics and adjacent areas of the
surface layers of the bone in the area of contact with the bio SiC.

Results and discussion
The study of biomorphic silicon carbide surface by SEM revealed the presence of
cellular structure of given material, it was found that the diameter of the pores ranged from 10
to 100 microns, and a microscopic picture of the bio SiC surface was very similar to the SEM
image of the sample surface of bone tissue, confirming biomorphic researched ceramics based
on silicon carbide (Fig. 1).

Fig. 1. SEM 1mages of the sample surface morphologyof biomorphic sﬂlcon carblde and
bone tissue.
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In conducting scanning electron microscopy 5 samples of biomorphic silicon carbide
removed from the body of experimental animals in a week after, implantation revealed
settlement of pores of given material by living cells (Fig. 2). In all cases there was
predominant colonization of the pores of given material by the cells in the form of clusters
that resemble the formation of colonies. Their predominant location observed in the region of
pores in the structure of biomorphic ceramics.
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Fig. 2. SEM images of surface of silicon carbide samples within 7 days after implantation.

This fact can be interpreted as the potential possibility of the material to promote the
process of reparative osteogenesis due to the presence of conditions for cells adhesion. The
main reason for this phenomenon we see in the peculiarities of architectonics of the
researched material revealing in some of its structural similarity to bone tissue.

In the analysis of SEM images of silicon carbide surface in bone tissue obtained one
month after, enthesis of the implants into the body of experimental tissues revealed that in all
observations material surface completely covered with a continuous layer of living cells
without a clear organization. With greater magnification it was found that this coating consists
of many layers of cells intimately soldered together by intercellular matrix. (Fig. 3).

The presence of direct contact of living cells with the structure of researched material,
their proliferation with deposition of intercellular matrix on its surface indicates favorable
conditions for integration of the material in the structure of bone tissue. In presented SEM
images, the transition from the colonial character of proliferation of living cells in initial
phase of regeneration to formation of a continuous coating layer on the surface of the material
is marked indicating the conditions for cell regeneration.
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Fig. 3. SEM images of the surface of the implant from biomorphic silicon carbide after a
month from the start of the experiment.
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In the analysis of SEM images of contact area of biomorphic silicon carbide with bone
tissue at low magnification a craterform surface reconstruction of the adjacent bone tissue
toward the surface of the implanted material is clearly visible. This fact can be explained by
the fact that during the experiment the bone defect was formed with bur and introduced
material was not adapted to its shape. However, in the SEM images in 90 days after surgery
there was elimination of the consequences of the destruction of bone tissue, ending of its
reconstruction and adaptation to the surface of implanted fragment of biomorphic silicon
carbide (Fig.4). This indicates the possibility of normal flow of the processes of reparative
regeneration of bone tissue in the presence of biomorphic silicon carbide and the possibility of
bone tissue to adapt to the peculiarities of relief of the implanted material surface. This
position confirms the high biocompatibility of the researched biomorphic ceramics and the
absence of negative impact on the course of reparative regeneration of bone tissue.

Fig. 4. SEM of the surface experimental bio-SiC sample in the area of its contact with bone
tissue.

In the microsection “material-bone tissue” in the plane perpendicular to the surface of
the mandible of experimental animals, was observed a tight attachment of bone tissue to the
material. Thus in many places narrow fissure of the contact is interrupted or is unclear due to
bone ingrowth into the pores of biomorphic ceramics. Especially narrow fissure or its visual
absence is observed in the area of the contact of the material with cortical bone. In many
places, there is invagination of bone tissue with its ingrowth into the pores of researched
material (Fig. 5). This picture gives reason to claim the possibility of reconstruction of bone
tissue bordering with silicon carbide and its adaptation to the surface of the material with the
ingrowth of bone trabecula into the pores of the material.
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Fig. 5. SEM of the surface of experimental bio-SiC sample in the area of its contact with bone
tissue.

Thus, the above mentioned results confirm the prospects of biomorphic ceramics
based on silicon carbide as a material for the manufacture of implants for various purposes for
use in maxilla-facial surgery.
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Obtained data deny the possibility of negative impact of implants of silicon carbide on
the course of reparative regeneration of bone tissue. According to the results the existing
microarchitectonics of given ecoceramics that resembles the structure of bone tissue,
promotes the flow of reparative osteogenesis processes by providing conditions for
colonization of the surface of the material by living cells.

The possibility of contact coexistence of bone tissue and implants with biomorphic
silicon carbide without signs of its rejection or its delimitation is the main background for
conducting clinical researches regarding the use of the implants made from this material with
the purpose of elimination of defects and deformities of the maxilla-facial area. As the basis
for this, we consider the results of SEM of the contact area of biomorphic silicon carbide with
bone tissue including revealed facts of adaptation and structure reconstruction of the bone
tissue in the presence of silicon carbide and its ingrowth into the pores of the material and a
tight attachment to its surface. Taking into consideration the mechanical properties of silicon
carbide and its potential possibility of implants manufacture of any shape and size of the
readily available sources of raw materials this branch of scientific research in dentistry seems
to be promising.
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Lenvto uccredosanus 610 U3YUUMb B3AUMOOCLCMBUE IKCNEPUMEHMATLHBIX 00PA3Y08
OUOMOPDHOU KepamMuKu HA OCHOBe KapoOuoda KpemHus ¢ KOCMHOU MKAHbIO C HOMOUbIO
CKAHUpYouje2o 21eKmpoHHO20 Mukpockona. /[na oocmudiceHusi 2mou yeau 1abopamopHbim
arcugomuwvim (20 Kpvic) nposoounU UMNIAHMAYUIO 0OPA3YO8 UCCIe0YeMo20 MaAmepuanld 6
HUJICHell YeloCmu KOCMHOU mKauu. Kueommusvie 8b1600UTUCHL U3 IKCnepumenma depes 7, 30 u
90 Onell nocie HAYANA IKCNEPUMEHMA C NOCIEOYIOWUM UCCIe008AHUEM NOBEPXHOCMU
Mamepuana u niowaou e2o0 KOHMakma ¢ KOCMHOU MKAHBIO.

Ha ocnosanuu smux pesynrbmamos 0Obl10 YCMAHOBIEHO, YMO MUKPOAPXUMEKMOHUKA
uccredyemol Kepamuku cooeticmsyen npoyeccy penapamusHozo ocmeo2enesd, obecneuusas
YCnosus 0N KOJNOHU3AYUU  JICUBLIX  KIeMOK HA NOGEPXHOCMU — Mamepudand. Imo
nOOMEEPHCOAemcst  8O3MONCHOCMBIO — KOHMAKMHO20 — COCYWECMBOBAHUsL — KOCMU U
UMNIAHMAamo8 OuoMop@Ho2o Kapdouoda KpemHus 6e3 NPUHAKOE OMMOPAHCEHUS UMU €20
oenumumayuy. Ananuz pezyremamog COM noxazan, umo umeem Mecmo adanmayus
KOCMHOU MKAHU U PeCmMpYKMypusayus KOCmu 6 HNPUCYMCmeuu Kapouoa KpemHuus,
npopacmanue mKaHu 8 nopvl U NIOMHOe npuiecanue K N0GEPXHOCMU Mamepuad.
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Memotw oOocniddcennss Oyn0 BuUBUEHH B3AEMOOII  eKCNEPUMEHMAIbHUX — 3PA3Ki6
Oiomopnoi Kepamiku Ha OCHO8I KapOidy KpeMmHilo 3 KICMKO8010 MKAHUHOI 34 OAHUMU
CKAaHY0Y0I eekmpoHHOI MIKpocKkonii. /s 0ocsaecHenHs yiei memu 1a00pamopHum meapuram
(20 wypis) 30iticHUIU IMRAAGHMAYIIO 3PA3KIE OOCTIOHNCYBAHOCO MAMEPIANY 6 HUNCHIU ujeneni
Kicmkosoi mkanunu. Teapunu O6ynu euoaneHi 3 excnepumenmy wa 7, 30 i 90 Oenv nicia
NOYAMKY eKCnepuMeHmy 3 NOoOAIbUUM OOCHIONCEHHAM NOBEPXHI mamepiany i niowi 1o2o
KOHMAKmy 3 KICMKOB0I0 MKAHUHOIO.

Ha niocmasi yux pesynemamie 0y10 6CMAHOBIEHO, WO MIKPOAPXIMEKMOHIKA
00CNIONHCEHOI KepaMIKU CNpUSE NPoYecy penapamusHo20 0Cmeo2eHesy, 3abe3neyyoyu ymMosu
0151 KOJMOHI3ayii Jcusux KiimuH Ha nogepxui mamepiany. Lle niomeepooicye moxciusicmo
38 ’53VI04020 CRHIBICHY8AHHA KICmMKU ma imMnianmamis 0iomopghuozo kapbdioy Kpemuiro 6e3
03HaK @i0mopeHeHHs abo tioeo Odenimimayii. Ananiz pezyromamie CEM nokasas, wo mae
Micye aoanmayisi KiCMKO80i MKAHUHU [ peCmpyKmypu3ayis Kicmku 8 npucymuocmi kapoioy
KpeMHilo, NPOPOCMAHHA MKAHUHU 8 NOPU MA WiNbHe NPUIALAHHSA 00 NOBEPXHI MaAMepiany.

316



