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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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reziume

urogenitaluri triqomoniazis baqteriologi-
uri diagnostikis efeqturobis gazrda gaumjobe-
sebuli mkvebavi garemos gamoyenebiT

1s.dJoraeva, 2m.zapolski, 1i.SCerbakova, 1v.gonCarenko, 
1n.soboli

1dermatologiisa da venerologiis instituti, 
xarkovi; 2odesis erovnuli samedicino univer-
siteti, ukraina

urogenitaluri triqomonozis problemis sa-
mecniero da praqtikul mniSvnelobas gansazRvravs 
misi gavrcelebadoba da infeqciis gamomwvevis 
cvalebadobis problema. varaudoben, rom ara-
xelsayrel pirobebSi es umartivesebi kargaven in-
tensiuri moZraobis unars da transformirdebian 
morfologiurad. swored am problemis arseboba 
gansazRvravs samecniero-praqtikul interess baq-
teriologiuri meTodikebis srulyofis mimarT 

urogenitaluri traqtis qronikuli anTebiTi pro-
cesebis mqone pacientebis gamokvlevis dros.
kvlevis mizans warmoadgenda triqomonozis 

gamomwvevis baqteriologiuri gamovlenisaTvis 
saWiro mkvebavi garemos Semadgenlobis optimize-
ba triqomonadebis sxvadasxva morfotipis arse-
bobis da moZraobis saSualebis gaTvaliswinebiT.
kvlevis obieqts warmoadgenda Trichomonas vagina-

lis-is 50 nimuSi, gamoyofili Sard-sasqeso siste-
mis qronikuli daavadebebiT 293 pacientidan; 
ganxorcielebuli iyo SedarebiTi kultivireba 
gaumjobesebul da standartul garemoSi kla-
sikuri baqteriologiis meTodebis gamoyenebiT.
dadgenilia, rom damatebiTi ingredientebis 

optimalurma Tanafardobam ganapiroba gamomwve-
vis zrdis gaZliereba da biomasis mateba, rac 
miuTiTebs mkvebavi garemos xarisxis amaRlebaze. 
miRebuli monacemebi mowmobs, rom optimizebu-
li mkvebavi garemos Secvlilma Semadgenlobam 
gaaumjobesa sadiagnostiko proceduris xarisxi, 
gansakuTrebiT pacientebSi daavadebis torpidu-
li mimdinareobiT.

EFFECT OF XENOGRAFTS SATURATED WITH SILVERNANOCRYSTALS ON HISTOLOGICAL 
STRUCTURE OF THE SKIN IN THE DYNAMICS OF EXPERIMENTAL THERMAL INJURY 

Tuziuk N., Kramar S., Nebesna Z., Zaporozhan S.

I. Horbachevsky Ternopil National Medical University, Ukraine 

Burn injuries caused by road accidents, fallings and interper-
sonal violence is the fourth in the world among other trauma [8, 
13]. 90% of burns occur in lower- and middle-income countries. 
Cooking on an open fire and non-electric appliances are the most 
common reasons of thermal burns [8]. However, occupational 
traumatism and armed conflicts increase the incidence of burns. 
In particular, according to the statistics, the number of burn in-
juries at the territories of military conflicts increases fourfold 
[8, 13].

The skin is a first damaged organ in cases of thermal injuries. 
Healing of different types of skin wound is a complex process of 
interactions between cells and numerous biochemical reactions 
[4,14,15]. Current tissue regeneration technologies improve 
skin recovery; in particular, the rate of burn wounds healing 
significantly increased with the use of various skin substitutes 
[11,14,16-18]. A dermal allograft, dermal xenograft, amniotic 
membrane, etc. are used in medical practice. The correct choice 
and application of these substitutes reduces pain at the area of 
lesion, contributes to normalization of protective functions, aes-
thetic restoration of the skin [9,15,18].

In recent decades, lyophilized pig skin xenografts as well as 
numerous their derivatives have been widely used for temporar-
ily burn wound closure [3,5,7,9,12]. A relatively simple method 
of material collection, storage and transportation, low cost are 
the main advantages of xenogeneic skin.

The antibacterial effect of silver has been known to people 
long ago since its toxicity for human cells is much lower than for 
bacteria. Therefore, silver agents are used in treatment of burns, 
chronic ulcers and water disinfection [1,2,19]. 

In our opinion, the combination of the properties of already tested 
factors for burn correction (lyophilized xenografts and silver nano-
crystals) would be interesting and promising in combustiology.

Therefore, the aim of this work was to establish the histologi-
cal state of the components of the affected area of the skin with 
the use of xenografts saturated with silver nanocrystals in the 
dynamics of experimental thermal injury.

Material and methods. Experimental studies were performed 
on 54 adult guinea pigs. All the investigations were performed fol-
lowing the international rules and principles of the European Con-
vention for the Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (Strasbourg, 1986) and the 
General Ethical Principles for Animal Experiments (Kyiv, 2001).

The animals were divided into two groups: the 1st group – 
animals with severe thermal injury (27); the 2nd group – animals 
with burn injury (27), in which the wounds were covered with 
xenografts after early necrectomy of the damaged tissues.

A third-degree burn was modeled with copper plates heated 
to a temperature of 97-100°С for 15 seconds applied on the epi-
lated surface of the skin of the animal’s back under thiopental 
anaesthesia. The size of the affected area was 18-20% of the ani-
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mal’s body area. One day after thermal injury, the experimental 
animals underwent early necrectomy of the damaged skin areas. 
The newly formed wounds were covered with xenografts satu-
rated with silver nanocrystals and fixed to the perifocal areas.

To study the microscopic skin changes the animals were 
removed from the experiment under general thiopental anaes-
thesia on the 7th, 14th, and 21st days of the experiment, which 
corresponded to the stages of early and late toxemia and septico-
toxemia of burn disease.

The sampling for histological studies was performed according 
to conventional methods [4,8]. The pieces of skin were fixed in 
10% neutral buffered formalin. Then the tissues were processed in 
the LogosOne histoprocessor and embedded into paraffin blocks. 
The sections of 5 μm thick obtained by means of the AMR400 ro-
tary microtome were stained with hematoxylin and eosin [6,10].

Histologic specimens were studied using a Nikon Eclipse 
Ci-E light microscope and photo documented with the Sigeta 
M3CMOS14000 video camera with the Toup View software.

Results and discussion. According to morphological stud-
ies performed, on the 7th day after covering the wound with a 
xenograft saturated with silver nanocrystals its partial drying at 
the edges was evidenced. There were practically no areas with 
seropurulent content.

Conversely, in the animals of control group, who did not un-
dergo any correction, the escharosis was observed at the area 
of lesion under which there were significant areas of purulone-
crotic infiltrate. Homogenized, destructured, intensely oxyphilic 
fibre fragments with a large number of neutrophils, lymphocytes 
and erythrocytes between them were evidenced microscopi-
cally under a scab (Fig. 1A). In the perifocal areas, the fibrous 
component of the dermis was significantly swollen, sometimes 
frayed. The intercellular substance was intensively infiltrated by 
leukocyte cells.

On the 7th day of the experiment, the initial stages of granu-
lation tissue formation were observed microscopically in the 
animals of the 2nd group. The lesion area under the xenograft 
was filled with thin oxyphilic fibrils which served as a frame 
for cell elements. Numerous lymphocytes, macrophages, 
fibroblasts were evidenced among them. Granulation tis-
sue was saturated with microvessels with a large number of 
erythrocytes (Fig. 2B).

In the marginal area of the wound under the influence of a 
correcting factor the blood supply in the connective tissue im-
proved; the signs of the inflammatory response decreased. In ad-
dition, the epidermis in this area was significantly thickened due 
to activation of proliferative processes in it.

Fig. 1. Microscopic state of the granulation tissue of the wound area skin of the experimental animal in 7 days:
a – after a burn injury: 1 – eschar, 2 – destructured fibers, 3 – leukocytes. (H&e x200).

B – with xenograft: 1 – collagen fibrils, 2 – erythrocytes, 3 – fibroblast, 4 – neutrophil. (H&e x400).

Fig. 2. Histological changes at the central and marginal areas of burn injury in 14 days:
a – after burn injury: 1 – eschar, 2 – epidermal wedge, 3 – dermis. (H&e x40).

B – with xenograft: 1 – thickened epidermis, 2 – epithelial regenerate, 3 – granulation tissue. (H&e x100)
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Fig. 3. Granulation tissue at the affected area in 14 days:
a – after burn injury: 1 – granulations, 2 – haemorrhages. (H&e x200).

B – with xenograft: 1 – fibrobrasts, 2 – collagen fibres. (H&e x200)

Fig. 4. state of the skin of the experimental animals microscopically:
a – after burn injury: 1 – necrotizing neutrophilic masses, 2 – epithelium, 3 – granulation tissue, 

4 – fibroblasts, 5 – haemorrhages. (H&e x200).
B – with xenograft: 1 - basal layer of epidermis, 2 – spinous layer, 3 – granular layer, 

4 – stratum corneum, 5 – dermis, 6 – hair follicles. (H&e x200)

At the stage of late toxemia in the animals with burn injury 
without correction, significant areas of seropurulent secretions 
in the area of lesion as well as a severe eschar, which was in-
directly exfoliated from the adjacent tissues, were observed 
macroscopically. The ingrowth of epidermal wedge from the 
marginal areas of the wound under the eschar was evidenced 
histologically (Fig. 2A). Granulation tissue consisted of numer-
ous thin collagen fibrils, capillaries and cells, among which leu-
kocytes predominated; there were minor hemorrhages (Fig. 3A).

On the 14th day of the experiment in cases of application of 
xenograft saturated with silver nanocrystals on the affected area 
no purulonecrotic masses were observed. Epithelial regener-
ate above the area of lesion was revealed microscopically; the 
source of its formation was thickened, new keratinocytes rich, 
perifocal areas of the epidermis and skin appendages, in particu-
lar, epithelial cells of hair follicles (Fig.2B). Under the newly 
formed epithelium there was a fresh fibroblastic cells rich granu-
lation tissue, well-defined fibrous structures, equally set compo-
nents of the hemomicrocirculatory flow (Fig. 3B).

At the stage of septicotoxemia in the animals of the 1st experi-

mental group, exfoliation of the eschar was visually evidenced. 
Necrotic masses, purulent secretions, haemorrhages, areas of 
epithelialization were present on the surface of the damaged 
skin. Histologically, the new epithelium was thin and consisted 
of an average of three layers of epidermal cells with no clear 
differentiation. Among the keratinocytes of the basal layer there 
was a large number of cells with pyknotic, intensely basophilic 
nuclei. A granulation tissue with a predominance of fibroblastic 
cells and numerous haemorrhages was present under the epithe-
lium (Fig. 4A).

Macroscopic observations showed that on the 21st day of 
the experiment in cases of application of a corrective factor, 
the wound surface was completely covered with fresh skin. A 
well-formed epidermis with a clear differentiation into layers: 
malpighian, spinous, granular, stratum corneum, was observed 
microscopically. Formation of the papillae with new capillar-
ies embedded into the epithelium was evidenced in the fresh 
connective tissue. There were collagen as well as elastic fibres 
among the fibrous structures of the intercellular substance of the 
connective tissue (Fig. 4B).
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Conclusions. Thus, it has been found out histologically that 
application of xenograft saturated with silver nanocrystals after 
early necrectomy of burn-damaged areas of the skin at an early 
stage improves formation of granulation tissue. At the late stages 
of experimental thermal injuries, they accelerate epithelializa-
tion, connective tissue formation and positively effect on the 
course of the experimental burn wound process.
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SUMMARY

EFFECT OF XENOGRAFTS SATURATED WITH SIL-
VERNANOCRYSTALS ON HISTOLOGICAL STRUC-
TURE OF THE SKIN IN THE DYNAMICS OF EXPERI-
MENTAL THERMAL INJURY 

Tuziuk N., Kramar S., Nebesna Z., Zaporozhan S.

I. Horbachevsky Ternopil National Medical University, Ukraine 

The aim of this study was to establish histological state of the 
components of the affected area of skin in cases of application 
of xenograft saturated with silver nanocrystals in the dynamics 
after experimental thermal injury. 

The study was performed on 54 adult guinea pigs following 
the rules of bioethics. Experimental animals were divided into 
two groups: the 1st – animals with severe thermal injury (27); the 
2nd – animals with burn injury (27), in which the wounds were 
covered with xenograft after early necrectomy of the damaged 
tissues. To investigate the microscopic changes in the skin the 
animals were removed from the experiment on the 7th, 14th, and 
21st days of the experiment. Histological sections were stained 
with hematoxylin and eosin.

Application of xenograft saturated with silver nanocrystals for 
7 days contributes to formation of granulation tissue, activation 
of regenerative mechanisms in the marginal areas of the wound. 
On the 14th day of the experiment, an epidermal regenerate was 
evidenced at the wound, its formation source was the perifocal 
areas of the epidermis and skin appendages, and below it – fibro-
blastic cells rich granulation tissue, well-defined fibrous struc-
tures, equally set components of the hemomicrocirculatory flow. 
On the 21st day, a well-formed epidermis with a clear differentia-
tion of cells into layers was observed. In the fresh connective tis-
sue, formation of papillae with new capillaries embedded in the 
epithelium was evidenced. There were collagen as well as elas-
tic fibres among the fibrous structures of the intercellular sub-
stance of the connective tissue. In all stages of the experiment 
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with application of xenograft saturated with silver nanocrystals 
no purulonecrotic masses were observed in the affected area.

Thus, histologically it has been found out that applica-
tion of xenograft saturated with silver nanocrystals after early 
necrectoна руссmy of burn-damaged areas of the skin at an 
early stage improves formation of granulation tissue. In the late 
post-experimental thermal injuries, their usage accelerates epi-
thelialization, connective tissue formation and has positive ef-
fect on the course of the experimental burn wound process.

Key words: histological changes, skin, thermal injury, xeno-
graft, silver nanocrystals.

РЕЗЮМЕ 

ЭФФЕКТ КСЕНОИМПЛАНТОВ, НАСЫЩЕННЫХ 
НАНОКРИСТАЛАМИ СЕРЕБРА, НА ГИСТОЛОГИ-
ЧЕСКОЕ СОСТОЯНИЕ ПОВРЕЖДЕННЫХ УЧАСТ-
КОВ КОЖИ В ДИНАМИКЕ ЭКСПЕРИМЕНТАЛЬНОЙ 
ТЕРМИЧЕСКОЙ ТРАВМЫ 

Тузюк Н.В., Крамар С.Б., Небесная З.М., Запорожан С.И.

тернопольский национальный медицинский университет 
им. и. горбачевского, украина 

Целью исследования явилось определение гистоло-
гического состояния компонентов пораженного участка 
кожи при применении ксеноимплантов, насыщенных на-
нокристаллами серебра, в динамике после эксперимен-
тальной термической травмы. Исследование выполнено 
на 54 половозрелых морских свинках с соблюдением пра-
вил биоэтики. Подопытные животные были разделены на 
две группы: первая – животные с тяжелой термической 
травмой (n=27), вторая – животные с ожоговой травмой, 
которым после ранней некрэктомии поврежденных тка-
ней, раны покрывали ксеноимплантами (n=27). Для ис-
следования особенностей микроскопических изменений 
кожи, животных выводили из эксперимента на 7, 14 и 21 
сутки. Гистологические срезы окрашивали гематоксили-
ном и эозином.

Применение ксеноимплантов, насыщенных нанокри-
сталлами серебра, на 7 сутки способствует формированию 
грануляционной ткани, активации регенераторных меха-
низмов в маргинальных зонах раны. На 14 сутки исследо-
вания в условиях коррекции над раной присутствует эпи-
дермальный регенерат, источником образования которого 
являются перифокальные участки эпидермиса и придатков 
кожи, а под ним – грануляционная ткань, богатая клетками 
фибробластического ряда, хорошо выражены волокнистые 
структуры, равномерно размещены компоненты гемомик-
роциркуляторного русла. На 21 сутки отмечено наличие 
хорошо сформированного эпидермиса с четкой дифферен-
циацией клеток по слоям. В молодой соединительной ткани 
наблюдается формирование сосочков с молодыми капилля-
рами, которые впячиваются в эпителий. Среди волокнистых 
структур межклеточного вещества соединительной ткани 
присутствуют не только коллагеновые, но и эластичные во-
локна. Во все сроки исследования в условиях применения 
ксеноимплантов, насыщенных нанокристаллами серебра, 
в области поражения гнойно-некротические выделения не 
наблюдались.

Гистологически установлено, что применение ксеноим-
плантов, насыщенных нанокристаллами серебра, после 

ранней некрэктомии поврежденных ожогом участков кожи, 
уже в ранние сроки улучшает формирование грануляцион-
ной ткани. В поздние сроки после экспериментальной тер-
мической травмы их применение способствует ускорению 
эпителизации, формированию соединительной ткани и по-
ложительно влияет на течение экспериментального ожого-
вого раневого процесса.
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vercxlis nanokristalebiT gajerebuli qseno-
implantebis efeqti kanis dazianebuli ubnebis 
histologiur mdgomareobaze eqsperimentuli 
Termuli travmis dinamikaSi
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kvlevis mizans warmoadgenda kanis dazianebu-
li ubnebis histologiuri mdgomareobis Sefaseba 
vercxlis nanokristalebiT gajerebuli qsenoim-
plantebis gamoyenebisas dinamikaSi eqsperimentu-
li Termuli travmis Semdeg. kvleva Catarda 54  
zrdasrul zRvis goWze, bioeTikis wesebis dac-
viT. cxovelebi daiyo or jgufad: I  – cxovelebi 
mZime Termuli travmiT (n=27), II  – cxovelebi dam-
wvrobiTi travmiT, romelTac dazianebuli qso-
vilebis adreuli nekreqtomiis Semdeg xdeboda 
Wrilobis dafara qsenoimplantebiT (n=27). kanis 
cvlilebebis mikroskopiuli Taviseburebebis 
kvlevisaTvis cxovelebi eqsperimentidan gamo-
hyavdaT me-7, me-14  da 21-e dRes. histologiuri 
anaTlebi iRebeboda hematoqsiliniT da eoziniT.
vercxlis nanokristalebiT gajerebuli qseno-

implantebis gamoyeneba me-7  dRes xels uwyobs 
granulaciuri qsovilis formirebas da regene-
raciuli meqanizmebis aqtivacias Wrilobis mar-
ginalur zonebSi. kvlevis me-14  dRes Wrilobaze 
viTardeba epidermuli regenerati, romlis war-
moqmnis wyaros warmoadgens epidermis da kanis 
danamatebis perifokaluri ubnebi, mis qveS ki – 
granulaciuri qsovili, mdidari fibroblasturi 
rigis ujredebiT, kargad gamoxatuli boWkovani 
struqturebiT, hemomikrocirkulaciuri kalapo-
tis Tanabrad ganawilebuli komponentebiT. 21-e 
dRes aRiniSneba kargad formirebuli epider-
misis arseboba, ujredebis mkafiod gamoxatuli 
diferenciaciiT. axlgazrda SemaerTebel qso-
vilSi aRiniSneba dvrilebis formireba axali 
kapilarebiT, romelTa Cazrda xdeba epiTeliumSi. 
SemaerTebeli qsovilis ujredSorisi nivTierebis 
boWkovan struqturaTa Soris arsebobs aramarto 
kolagenuri, aramed elastikuri boWkoebic. kvle-
vis yvela etapze vercxlis nanokristalebiT 
gajerebuli qsenoimplantebis gamoyenebis piro-
bebSi dazianebis midamoSi Cirqovan-nekrozuli 
gamonadeni ar aRiniSneba.
histologiurad dadgenilia, rom vercxlis na-

nokristalebiT gajerebuli qsenoimplantebis 
gamoyeneba kanis damwvrobiT dazianebuli ub-
nebis adreuli nekreqtomiis Semdeg ukve adreul 


