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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 mm to 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  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

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

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
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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

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. 3. SEM images of the surface of the implant from biomorphic

silicon carbide after a month from the start of the experiment.

Fig.5. SEM of the surface of experimental bio-SiC sample

in the area of its contact with bone tissue.

Fig. 4. SEM of the surface 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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Ðåçþìå. Â äàí³é ñòàòò³ ïðåäñòàâëåí³ ðåçóëüòàòè äîñ-
ë³äæåííÿ âçàºìîä³¿ á³îìîðôíî¿ êåðàì³êè íà îñíîâ³ êàð-
á³äó êðåìí³þ ç ê³ñòêîâîþ òêàíèíîþ â åêñïåðèìåíò³ ìåòî-
äîì ñêàíóþ÷î¿ åëåêòðîííî¿ ì³êðîñêîï³¿. Äàíèé ìàòåð³àë
ðîçðîáëåíî â ²íñòèòóò³ ô³çèêè íàï³âïðîâ³äíèê³â ³ìåí³
Â.ª. Ëàøêàðüîâà ÍÀÍ Óêðà¿íè, øëÿõîì ïðîñî÷óâàííÿ
êðåìí³ºì “êàíàëüíèõ” âóãëåöåâèõ ìàòðèöü, ùî îòðèìó-
þòü âíàñë³äîê ï³ðîë³çó (îáâóãëåííÿ) ð³çíèõ ñîðò³â äåðå-
âèíè. Äëÿ äîñÿãíåííÿ ïîñòàâëåíî¿ ìåòè â åêñïåðèìåíò³
íà 20 ëàáîðàòîðíèõ ùóðàõ ïðîâåäåíî ³ìïëàíòàö³þ
çðàçê³â äîñë³äæóâàíîãî ìàòåð³àëó â ê³ñòêîâó òêàíèíó
íèæíüî¿ ùåëåïè. Òâàðèíè âèâîäèëèñü ç åêñïåðèìåíòó â
ñòðîêè 7, 30 òà 90 ä³á ï³ñëÿ ïî÷àòêó åêñïåðèìåíòó ç íà-
ñòóïíèì äîñë³äæåííÿì ïîâåðõí³ òà çîíè êîíòàêòó ìàòåð-
³àëó ç ê³ñòêîâîþ òêàíèíîþ. Íà îñíîâ³ îòðèìàíèõ ðåçóëü-
òàò³â, âñòàíîâëåíî, ùî ì³êðîàðõ³òåêòîí³êà äîñë³äæóâàíî¿
êåðàì³êè ñïðèÿº ïðîò³êàííþ ïðîöåñ³â ðåïàðàòèâíîãî
îñòåîãåíåçó çà ðàõóíîê çàáåçïå÷åííÿ óìîâ äëÿ êîëîí³-
çàö³¿ ïîâåðõí³ ìàòåð³àëó æèâèìè êë³òèíàìè. Äîâåäåíà
ìîæëèâ³ñòü êîíòàêòíîãî ñï³â³ñíóâàííÿ ê³ñòêîâî¿ òêàíèíè
òà ³ìïëàíòàò³â ç á³îìîðôíîãî êàðá³äó êðåìí³þ áåç îçíàê
éîãî â³äòîðãíåííÿ ÷è â³äìåæóâàííÿ Ïðè àíàë³ç³ ðåçóëü-
òàò³â ÑÅÌ ä³ëÿíêè êîíòàêòó á³îìîðôíîãî êàðá³äó êðåì-
í³þ ç ê³ñòêîâîþ òêàíèíîþ âèÿâëåíî àäàïòàö³þ òà ñòðóê-
òóðíó ïåðåáóäîâó ê³ñòêîâî¿ òêàíèíè â ïðèñóòíîñò³ êàðá³äó
êðåìí³þ òà ¿¿ ïðîðîñòàííÿ â ïîðè ìàòåð³àëó ç³ ù³ëüíèì
ïðèëÿãàííÿì äî éîãî ïîâåðõí³.

Êëþ÷îâ³ ñëîâà: åêîêåðàì³êà, ñêàíóþ÷à åëåêòðîííà
ì³êðîñêîï³ÿ, á³îì³ìåòèêà.

1À.È. Æóêîâöåâà, 1Â.À. Ìàëàí÷óê, 2Â.Ñ. Êèñåëåâ,
3Ò.À. Àëåêñååâà , 1Þ.Â. ×åïóðíîé

1Íàöèîíàëüíûé ìåäèöèíñêèé óíèâåðñèòåò

èìåíè À.À. Áîãîìîëüöà, ã. Êèåâ, Óêðàèíà
2Èíñòèòóò ôèçèêè ïîëóïðîâîäíèêîâ

èìåíè Â.Å. Ëàøêàðåâà ÍÀÍ Óêðàèíû, ã. Êèåâ, Óêðàèíà
3Èíñòèòóò õèìèè ïîâåðõíîñòè

èìåíè À.À. ×óéêî ÍÀÍ Óêðàèíû, ã. Êèåâ, Óêðàèíà

Ðåçþìå. Â äàííîé ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû
èññëåäîâàíèÿ âçàèìîäåéñòâèÿ áèîìîðôíîé êåðàìèêè
íà îñíîâå êàðáèäà êðåìíèÿ ñ êîñòíîé òêàíüþ â ýêñïåðè-
ìåíòå ìåòîäîì ñêàíèðóþùåé ýëåêòðîííîé ìèêðîñêî-
ïèè. Äàííûé ìàòåðèàë ðàçðàáîòàí â Èíñòèòóòå ôèçèêè
ïîëóïðîâîäíèêîâ èìåíè Â.Å. Ëàøêàðåâà ÍÀÍ Óêðàèíû,
ïóòåì ïðîïèòêè êðåìíèåì “êàíàëüíûõ” óãëåðîäíûõ ìàò-
ðèö, êîòîðûå ïîëó÷àþò â ðåçóëüòàòå ïèðîëèçà (îáóãëèâà-
íèÿ) ðàçëè÷íûõ ñîðòîâ äðåâåñèíû. Äëÿ äîñòèæåíèÿ ïî-
ñòàâëåííîé öåëè â ýêñïåðèìåíòå íà 20 ëàáîðàòîðíûõ
êðûñàõ ïðîâåäåíî èìïëàíòàöèþ îáðàçöîâ èññëåäóåìî-
ãî ìàòåðèàëà â êîñòíóþ òêàíü íèæíåé ÷åëþñòè. Æèâîò-
íûå âûâîäèëèñü èç ýêñïåðèìåíòà â ñðîêè 7, 30 è 90 ñóòîê
ïîñëå íà÷àëà ýêñïåðèìåíòà ñ ïîñëåäóþùèì èññëåäîâà-
íèåì ïîâåðõíîñòè è çîíû êîíòàêòà ìàòåðèàëà ñ êîñòíîé
òêàíüþ. Íà îñíîâå ïîëó÷åííûõ ðåçóëüòàòîâ, óñòàíîâëå-
íî, ÷òî ìèêðîàðõèòåêòîíèêà èññëåäóåìîé êåðàìèêè ñïî-
ñîáñòâóåò ïðîòåêàíèþ ïðîöåññîâ ðåïàðàòèâíîãî îñòåî-
ãåíåçà çà ñ÷åò îáåñïå÷åíèÿ óñëîâèé äëÿ êîëîíèçàöèè
æèâûõ êëåòêîê íà ïîâåðõíîñòè ìàòåðèàëà. Äîêàçàíà âîç-
ìîæíîñòü êîíòàêòíîãî ñîñóùåñòâîâàíèÿ êîñòíîé òêàíè è
èìïëàíòàòîâ èç áèîìîðôíîãî êàðáèäà êðåìíèÿ áåç ïðè-
çíàêîâ åãî îòòîðæåíèÿ èëè îòãðàíè÷åíèÿ. Ïðè àíàëèçå
ðåçóëüòàòîâ ÑÝÌ ó÷àñòêà êîíòàêòà áèîìîðôíîãî êàðáè-
äà êðåìíèÿ ñ êîñòíîé òêàíüþ âûÿâëåíî àäàïòàöèþ è
ñòðóêòóðíóþ ïåðåñòðîéêó êîñòíîé òêàíè â ïðèñóòñòâèè
êàðáèäà êðåìíèÿ è åå ïðîðàñòàíèå â ïîðû ìàòåðèàëà ñ
ïëîòíûì ïðèëåãàíèåì ê åãî ïîâåðõíîñòè.

Êëþ÷åâûå ñëîâà: ýêîêåðàìèêà, ñêàíèðóþùàÿ ýëåê-
òðîííàÿ ìèêðîñêîïèÿ, áèîìèìåòèêà.


