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Research and introduction into clinical practice of a new
class of implant materials created in accordance with the
principles of biomimetics is a very promising area of medical
materials science at the moment. These materials are
synthesized from biological tissues or have properties similar
to living structures or biologically active products of their life
[4, 9]. Within this area of biometric branch of medicine natural
structures which are pseudomorphic biological objects
present a great interest. As an example, plant raw material,
including wood and its derivatives, has a complex structure
and is characterized by great mechanical resistance, low
density, high toughness, elasticity and endurance against
damage. These advantages are caused by genetically-
formed structure that developed and perfected in the process
of evolution [3, 8].

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. That is the
wood as a matrix for the manufacture of carbon materials with
natural architectonics increasingly attract the attention of
researchers from different countries [2, 5, 7]. Therefore, on
the basis of natural raw materials more and more types of
ceramic materials have been produced recently.

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 to obtain 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 are not available in other modern
technologies of production [7].

Potentially promising material of this class has been
developed at V.E. Lashkaryov 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 [1, 6].

At the same time one of the pressing issues of modern
maxilla-facial 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
maxilla-facial 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 of maxilla-
facial area, 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).
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Materials and methods. To achieve this goal we
performed an experiment on 20 white laboratory male rats
weighing 250-280 g. Foraminous bone defects of the
mandible were applied with bur with a diameter of 1,5 mmto a
depth of 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)
Institute of Physics of NAS of Ukraine, Kyiv. After intake of
the specimens defatting and washing of bone fragments in
96% alcohol were performed. Then 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. 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).

In conducting scanning electron microscopy 5 samples
of biomorphic silicon carbide removed from the body of
experimental animals 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 is observed in the region of pores in the structure of
biomorphic ceramics.

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 adhesion
of cells. 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 implantation of the
implants in the body of experimental tissues revealed that in
all observations material surface is completely covered with
a continuous layer of living cells without a clear
organization. With greater magnification power it was found

Fig. 1. SEM images of the sample surface morphology
of biomorphic silicon carbide and bone tissue

Fig. 2. SEM images of surface of silicon carbide samples
within 7 days after implantation

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 the initial phase of regeneration to formation of
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a continuous coating layer on the surface of the material is
marked indicating the conditions for cell regeneration.

In the analysis of SEM images of contact area of biomorphic
silicon carbide with bone tissue at low magnification a cra-
teriform surface reconstruction of the adjacent bone tissue to-
ward 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.

In the microsection “material-bone tissue” in the plane
perpendicular to the surface of the mandible of experimental
animals a tight attachement of bone tissue to the material
material is observed. 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

Fig. 3. SEM images of the surface of the implant from biomorphic
silicon carbide after a month from the start of the experiment.

pores of researched material (Fig. 5). This picture gives
reason to claim about 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.

Thus, the above mentioned results of the research
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.

Obtained results deny the possibility of negative impact
of implants of silicon carbide on the course of reparative
regeneration of bone tissue. Judging from the results the
existing microarchitectonics of given ecoceramiics 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 of use of the implants 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 bone tissue in the

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

Fig.5. SEM of the surface of experimental bio-SiC sample
in the area of its contact with bone tissue.
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presence of silicon carbide and its ingrowth into the pores of
the material and a tight attachement to its surface. Taking into
account 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 us promising.

Reviewer: professor V.P. Nespriadko
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NEPCNEKTUBU BIOMOP®HOI KEPAMIKU
HA OCHOBI KAPBIAY KPEMHIIO
AK HOBOIO MATEPIANY AN1A IMMJIAHTALLIT
Y LLENENMHO-NULEBIA XIPYPI1i

XKykosuesa O.1.", Mananuyyk B.O.", Kucensos B.C.?,
Anekceesa T.A.3, Yenyprut FO.B."

"HaujoHanbHutl mMeduyHuli yHigepcumem
imeHi O.0. bozomonbus, m. Kuie, YkpaiHa

2lJHcmumym ¢bi3uku HaniernposiOHUKIe
imeHi B.E. Jlawkapeea HAH YkpaiHu, m. Kuis, YkpaiHa

SlHcmumym ximii nosepxHi
imeHi A.A. Yyiko HAH Ykpaitu, m. Kuis, YkpaiHa

Pe3tome. B pgaHin ctatTi npeacrasneHi pesynsratv goc-
niopKeHHs B3aemogii 6iomopdHoi kepamiku Ha OCHOBI Kap-
6iy KPEMHIIO 3 KICTKOBOK TKAHWMHOK B €KCMEPUMEHTI METO-
OOM CKaHyIo4Oi enekTpoHHOI Mikpockonii. [laHun matepian
po3pobneHo B IHCTUTYTI Di3uKM HaniBMPOBIOHWUKIB iIMEHi
B.€. Nawkapboa HAH YkpaiHu, LINSXOM MNpOCOYyBaHHS
KpeMHieEM “kaHanbHWX” ByrneueBnx MaTpuupb, WO OTPUMY-
10Tb BHACMIZOK Niporidy (0OBYrmeHHs) pisHWX copTiB Aepe-
BUHW. [INA JOCATHEHHA NOCTaBIEHOI METN B €KCNEPUMEHTI
Ha 20 nabopaTopHMX Llypax MpOBEeAEHO iMMMaHTaLilo
3paskiB AocnigKyBaHoOro matepiany B KIiCTKOBY TKaHUHY
HWKHBOI Lwenenu. TBapnHu BMBOOUIUCE 3 EKCNEPUMEHTY B
ctpokmn 7, 30 Ta 90 46 nmicnA noyaTky eKCnepuvMEHTY 3 Ha-
CTYMHUM JOCTIIKEHHSAM MOBEPXHi Ta 30HW KOHTaKTy MaTep-
iany 3 KiCTKOBOIO TKaHWHOI. Ha OCHOBI OTPUMaHNX pesyrib-
TaTiB, BCTAHOBMEHO, L0 MIKpOapXiTEKTOHIka AOCNiAKyBaHOI
Kepamikv Ccnpuse npoTiKaHHI MNpoueciB penapaTtuBHOrO
OCTeoreHesy 3a paxyHoOK 3abe3neyeHHs YMOB ANs KOMOHi-
3auii noBepxHi marepiany >uBumnu knituHamu. [loBefeHa
MOXIMBICTb KOHTAKTHOIO CMiBICHYBaHHA KICTKOBOI TKaHWHM
Ta iMnnaHTaTiB 3 6iomopdHoro kapbigy kpemHito 6e3 o3Hak
NOro BiATOPrHEHHSA 4K BiaMexyBaHHA [Mpu aHanisi pesynb-
TatiB CEM ginaHkn koHTakTy GiomopdHoro kapbigy kpewm-
Hit0 3 KICTKOBOIO TKQHMHOIO BUSIBMEHO ajanTauilo Ta CTpyk-
TypHY nepebyaoBy KiCTKOBOI TKAHWHW B MPUCYTHOCTI Kapbigy
KPEMHito Ta i NpopoCTaHHA B NMopu martepiany 3i WinbHUM
NpUNAraHHsaM 4O MOro NOBEpPXHi.

KniouoBi cnoBa: ekokepaMika, CkaHyloda eneKkTpoHHa
mikpockonis, GiomimeTunka.

NEPCNEKTUBbI BUOMOP®HOWN KEPAMUKU
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Pestome. B gaHHoW cTatbe npeacTaBneHbl pesynbsrarthl
nccrnegoBaHns B3anMopencTeust GMoMOpdHON  Kepammkm
Ha ocHOBe kapbuaa KpeMHUS C KOCTHOW TKaHblo B 3KCMepu-
MEHTE METOJOM CKaHUPYIOLLEA SNEKTPOHHOW MUKPOCKO-
nun. OanHbii maTepunan paspabotaH B NHcTUTyTE (hrsmkm
nonynposogHukoB umenn B.E. JNawkapesa HAH YkpawHbl,
nyTemM MNPOMUTKN KpeMHWEM “KaHanbHbIX” yrinepoaHbIX Mat-
puvL, KOTOpble NOMy4atoT B pesynsrate nuponusa (obyrnmea-
HWS) PasnUYHbIX COPTOB APEeBECUHbI. [ns OOCTUXEHMS Mo-
CTaBMNEHHOW Uenu B akcrnepuMeHTe Ha 20 nabopaTopHbIX
KpbiCax NpoBedeHO MMMnnaHTaumio obpasuoB nccnegyemo-
ro matepuana B KOCTHYI TKaHb HWKHeW yentocTtu. KuBoT-
Hble BbIBOAMINUCE U3 3KcnepumMeHTa B cpokmn 7, 30 1 90 cyTok
nocrne Havyana SKCrnepuMMeHTa € MocneayLlmMm ncernegoBa-
HVMEM NMOBEPXHOCTU U 30Hbl KOHTaKTa mMaTepuana ¢ KOCTHON
TKaHbto. Ha ocHoBe nony4eHHbIX pesynsraTtoB, yCTaHOBIE-
HO, YTO MUKPOAPXMTEKTOHWKA UCCNeayeMon KepamuKkn crno-
cobCTBYET MpOTEKaHWMI0 MPOLIECCOB penapaTMBHOMO OCTEO-
reHesa 3a cyeT obecneyeHus ycrioBui Ans KOMOHU3aLMK
XKMBbIX KIETKOK Ha NOBEpPXHOCTU MaTepuana. [JokazaHa BO3-
MOXXHOCTb KOHTAKTHOTO COCYLLIECTBOBaHMWS KOCTHOW TKaHW 1
UMnnaHTaToB 13 GuomopdHoro kapbuga kpemHus 6e3 npu-
3HAKOB €ro OTTOPXEHWUs unu oTrpaHunyeHus. Mpu aHanuse
pesynstatoB COM y4yacTka koHTakTa GuomopdHoro kapou-
0a KPEMHUSI C KOCTHOW TKaHbK BbISIBMEHO afanTtauuio K
CTPYKTYPHYIO NEPECTPONKY KOCTHOW TKaHU B MPUCYTCTBUK
kapbuaa KpeMHus 1 ee npopacTtaHve B Mopbl MaTepuana c
NMOTHbIM NPUIIEraHNEM K ero NMoBepPXHOCTU.

KnioueBble cnoBa: aKOKepamMuKa, CKaHMPYIOLLAs 3nek-
TPOHHAs MWKPOCKOMUSA, GUOMMMETMKA.
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