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[IpoGnema 3amerenns ne(eKToB HIKHEH YeTIOCTH COXPaHSET CBOIO aKTYaJIbHOCTh Ha MPOTSHKEHUH HECKOJIBKUX JiecATUIeTHI. B HacTosee
BpeMs BOIIPOCHI BBIOOPA ONTUMAIIBHBIX KOHCTPYKIIHOHHBIX MAaTEPHAIIOB U Pa3pabOTKU PalMOHAIBHBIX KOHCTPYKIMI NMIUIAHTAIIMOHHBIX CHCTEM
JUTSL TUTACTHKHU Ae()EeKTOB HIDKHEH YeITIOCTH, a TAKKe H3YUeHHE XapaKTepa OCTEOMHTETPAINH TIPU MX HCTIONB30BAHIN HMEIOT 0COOYTO 3HAINMOCTb.
[ToBbienue >QGEKTUBHOCTH JICUSHHS MALMEHTOB U ONTHMU3ALMs CPOKOB BOCCTAHOBUTEIIBHOIO MEPHOAA IPU UCHOJIb30BAHUN MMILIAHTALU-
OHHBIX CUCTEM HaIIPAMYIO CBS3aHbI C IOJHOLEHHOCTBIO OCTEOMHTErPALluy € 3aMeLIaoIIell KOHCTPYKIUEH, YTO U SBIIAETCS OJHUM U3 OCHOBHBIX
BOIIPOCOB, TTOJJIEXKAIINX H3ydeHnIo. LleJib neee1oBaHus 3aKII09aIach B U3yUeHHN MOP(OIOTMUECKUX aCTIeKTOB PEereHepaTOPHO aKTHBHOCTH
KOCTHOH TKaHM Ha TPaHHUIIE C OPTOTOIMMYECKUM HMMIUIAHTATOM U3 YIIEPO-YIIIEPOTHOTO KOMIIO3UIIMOHHOTO MaTeprana 1 AeTaln3aliu 0COOeH-
HOCTeH ocTeonHTerpanuy. B xoze ucciiejoBanus n3yueHo MOp(HOIOrHIECKOe COCTOSTHNE TKaHeH Ha TPAaHUIIe MMIUIAHTAI[MOHHO-KOCTHOTO OJI0Ka
TIPY TUTACTUKE Ne(PEKTOB HIDKHEH YeFOCTH MMIUIAHTAaTaMH U3 YIIIEPOII-yIIIEPOTHOTO KOMITO3UIIOHHOTO Marepuana (YYKM) «Yrexkor My». Dkc-
MEepPUMEHT BbINOIHEH Ha 10 cBUHBSIX — camuax nopozsl «Landras», conepiKaliuxcsi B OAMHAKOBBIX yCIOBHUSIX, B COOTBETCTBUU ¢ EBpomelickoit
KOHBEHIIMEH O 3al1Te I03BOHOYHBIX )KUBOTHBIX, HCIOJIb3YEMbIX JJIS OKCIICPUMEHTAIbHBIX WM MHBIX HAYUHBIX LIeJel, 1 YTBEPKIAEH PEIICHUEM
strdeckoro komurera [I'MY um. akagemuka E. A. Barnepa. Y Bcex KHBOTHBIX GpopMHpOBaJics Ae(EKT HIDKHEH YETFOCTH pa3MepoM He MEHee
1,5x2,0 cM ¢ OJHOMOMEHTHBIM €T0 3aMeLEHHEM UMILIAHTaTOM U3 yIIIEPOA-yIIIEPOAHOr0 KOMIO3UIMOHHOTO Marepuaia. [Ipu mopdonornyeckom
aHaJIN3€ COCTOSIHUS MMIUIAHTAIIMOHHO-KOCTHOTO OJIOKa M3y4eHBI IPOIECCHl PerapaTHBHOIO BOCCTAHOBIICHUS TIOBPEXICHHOW KOCTHOH TKaHH
B quHaMuKe, depe3 180 n 270 cyTok mocie omepaTHBHOTO BMENIATENbCTBA. Perenepariis KOCTHOH TKaHHU XapaKTepHu3oBalach 00pa30BaHUEM
rpyOOBOJIOKHHCTON KOCTH C MOCTENEHHBIM 3aMELIEHUEM €€ Ha MIACTHHYATYI0 KOCTHYIO TKaHb IIPH COXPaHEHHH (DOPMBI, pa3MEPOB U CUMMeE-
TpUU IOBPEKAECHHOIO opraHa. B xone uccieoBaHus BBIABICHO, YTO HA FPAHUIE ¢ UMILIAHTATOM KOCTHBIM KOHIVIOMEpPAT 3alOJIHSAET OPUCThIE
cTpykTypsl Y YKM, 1pH 3TOM ZOCTHTaeTCsl MaKCHMAaTbHask KOHTPYIHTHOCTD C COWICHSIOIIIMICS TTOBEPXHOCTSIMH.
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ANALYSIS OF THE EXPERIMENTAL USE OF CUSTOMIZED IMPLANTS FROM CARBON-
CARBON COMPOSITE IN REPLACING DEFECTS OF THE LOWER JAW

Rapekta S.I., Astashina N.B., Loginova N.P., Sletov A.A., Tursukova O.S., Kibanova V.E.

Perm State Medical University named after Academician E.A. Wagner, Perm, Russia

Annotation

The replacement and restoration of defects in the mandible has remained relevant for several decades. The choice of graft, its positioning,
and fixation methods are primarily aimed at optimizing the recovery time and quality of life for patients. Optimizing timelines when using
foreign materials is possible through the development of an optimal implant design, with its inertness optimizing morphological processes
at the interface with the host bone, which is one of the main issues to be studied in a group of patients who are unable to use autotransplants
for reconstruction. The morphological aspects of regeneration, osteointegration, and other factors in their use for this category of patients
are fundamental and of particular significance.

The aim of the study was to create an experimental model to investigate the morphological aspects of the regenerative activity of bone
tissue at the interface with an orthotopic implant made of carbon-carbon composite and to detail the features of osteointegration.

As a result, morphological data were analyzed at the interface of the implant-bone block using the carbon-carbon composite “Uglekon
M?”. The experiment was conducted on 10 male pigs of the “Landras” breed, kept under identical conditions and feeding, in accordance with
the European Convention for the Protection of Vertebrate Animals used for Experimental or Other Scientific Purposes, and approved by the
decision of the ethical committee of the PGMU named after Academician E.A. Wagner. A 5 cm incision was made in the submandibular
area under combined anesthesia, creating a defect of at least 1.5x2.0 cm, which was simultaneously replaced with an implant made
of carbon-carbon composite material.

Material for morphological analysis was collected on days 180 and 270 without removing the animals from the experiment. Bone tissue
regeneration was characterized by the formation of coarse-fibrous bone around the perimeter, followed by its replacement with morphological
structures that closely resemble the outer cortical plate. Actively filling the undercuts and voids on the surface of the transplant, the newly
formed bone conglomerate achieved maximum congruence with the articulating surfaces across the entire area of the transplant, which
was particularly evident in animals with asymmetric shapes and sizes of the restored defects.

Keywords: carbon-carbon composite materials, implant, mandibular defect, osseointegration, reparative processes
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BBenenne

Hanuuue nedekToB HHUXKHEW UYETIOCTH NMPUBOJHUT
K paccTpoiicTBaM (DYHKIIMH JKEBAaHMS, TIOTAHUS U PEYH,
BBI3BIBACT 3aMETHBIC U3MEHEHUsSI ACTETUKH Juna [1].

K npuurHaM BO3HHKHOBEHHS A¢(HEKTOB OTHOCATCS
TpaBMBbI, B TOM 4HucIie O0€BbIe, OITyX0JIeBbIE IPOLIECCHI, BO3-
JICHCTBHE XMMHUOTEPAIIEBTUYECKUX MPEapaToB, HETaTUBHO
BJIMSIOLINX HA COCTOSIHUE U CTPYKTYPY KOCTHOH TKaHu [2—4].
[To naHHBIM HCCIIEI0BaHUM, PACIPOCTPAHEHHOCTD J1e(hEeKTOB
HUKHEH YeNIOCTH, KOTOPble HEBO3MOXKHO BOCCTAaHOBMTD
C WCIIOJIb30BAaHUEM BACKYJSPU30BAHHBIX ayTOTPAHCILIAH-
tatoB, cocraisier ot 20 1o 30% B moe oT BCeX Cilydaes.
Cpeau mpu4rH HEBO3MOKHOCTH — TEXHUUECKHUE CIIOKHOCTH
BBIMIOJIHEHUS ayTOTPAHCIJIaHTALMU, 00IeCOMaTH4YEeCKOe
COCTOSIHHE OpraHu3Ma uesoBeka, pasmep u ¢popma aedekra,
COCTOSIHME JJOHOPCKOU 30HBI [5-9].

B cBsi3u ¢ 3TUM BOMPOCHI BBIOOpA OMTHUMAJIBHBIX KOH-
CTPYKIIMOHHBIX MaTepHaioB, odecreynBarommx ¢ hek-
THUBHYIO UMILIAHTAIIMIO JUJIT BOCCTAHOBIICHUS J1e(EKTOB
HIDKHEW 4eNIOCTH, UMEIOT BakHOe 3HadeHue [10].

Hean

N3ydyenne MopGhOIOTHUSCKUX aCIEKTOB pereHepa-
TOPHOM aKTUBHOCTH KOCTHOW TKaHW Ha TPAHUIIE C OPTO-
TOMUYECKUM UMIUIAHTATOM K3 YTIIEPOJI-yTIIEPOJTHOTO KOM-
MO3UIIMOHHOTO MaTepua’a ¢ JeTain3amnuei 0COOeHHOCTeH
OCTEOUHTErpalluu.

MarepuaJjibl 1 METOABI

Hzyueno MophoIornueckoe COCTOSHUE TKaHEH Ha rpa-
HHUILIE UMIUIAaHTAllMOHHO-KOCTHOTO OJOKa MpH IJIaCTHUKE
ne(exToB HIKHEH denrocTH uMILtanTataMu u3 Y YKM
«YTekoH M».

DKCHeprMEHT IPOBE/IEH B COOTBETCTBUM ¢ EBpomnelickoit
KOHBEHIIMEH O 3aIllUTE MO3BOHOYHBIX JKUBOTHBIX, HCIOJIb3Y-
€MBIX JUUIsl SKCIIEPUMEHTAIIbHBIX MU UHBIX HAyYHBIX LIEJIEH,
W YTBEPXKJEH pelIeHneM 3Tudeckoro komurera IHI'MY
uM. akagemuka E. A. Baruepa. B skcrnepuMeHTalIbHYIO
rpymmny BBeneHsl 10 cBuHel — camioB noponusr «Landrasy
B Bo3pacte 5055 cyT., Mmaccoit 17-18,5 k1, conepkaBLIMXCS
B OJIMHAKOBBIX YCIIOBHUSIX, C 00ECIIeUeHHEM PABHOIO IOCTYTIa
K KOpMY U Bozie. BceM KMBOTHBIM 110J] KOMOMHUPOBAHHBIM

Puc. 2. Umnnasmam u3
yenepoo-y2nepo0Hoz0
KOMNO3UYUOHHO20 Mamepuarna,
nodzomoeieHHbIl 018 hukcayuu
8 obsacme deghpekma

Puc. 1. Jechekm 8 obnacmu
HUXHeU yeatocmu

Fig. 1. Defect in the lower jaw area

Fig. 2. Carbon-carbon composite
material implant prepared for
fixation in the defect area

00e300MBaHeM (BHYTpHUBEHHAs HEHpOJIeNTaHAITe3 s
M MECTHasl aHeCTe3MsI) BEIIOHSIICS pa3pe3 B IMOTHIDKHE-
YEJIFOCTHOM OOJIACTH JUIMHOW 5 CM ¢ MCKYCCTBEHHBIM CO3-
nanueM jedekra 1,5x2,0 cM 1 ocIey oM 3aMeeHAEM
€ro UMIUTaHTAIIHOHHBIMHI CHCTEMaMH, U3TOTOBICHHBIMA
n3 YYKM.

CKeJneTHpoBaHNUE HIDKHEH YEIIOCTH OCYIICCTBILSIOCH
B 00JIaCTH TeNa KaK C BECTHOYJISIPHOMW, TaK U ¢ BHYTPCHHEH
CTOpOHBL. JleeKT ¢ HapymIeHneM HEeNpepHIBHOCTH aHATO-
MIYECKOH IIEIIOCTHOCTH YEIFOCTH (POPMUPOBAITH alIMa3HBIM
IIFICKOM, C TIOCTOSTHHBIM BOAHBIM OXJa<aeHHeM (puc. 1).
[laree ipOBOIMITH MPHITACOBKY ITOATOTOBICHHOTO MMIUTAHTaTa
(puc. 2). UmrianTar (GUKCHPOBAIN KOCTHBIME IIBaMH (pHC. 3).

OnepanuoHHyI0 paHy YIIHBAJIN MOCIOWHO KETTYTOM,
KOXKHBIC IIBBI — MoJuaMuIHbIM Marepuanom 4.0. [Tocme
oTIepaluy XKUBOTHBIC HAXOIWINCH MOA HAOIIOZCHUEM
BETEpUHAPA, TTOIYJaTH aHTHOMOTHKY, aHTUTUCTAMHUHHBIC
u obe30onmBaromue npemaparsl. OCMOTp H IPH HEOOXO-
TUMOCTH, TICPEBS3KH BBHITTOMHSIN €KESTHEBHO J0 CHITHS
mBoB. [1IBbI cHumanu Ha 12—14-e cyTkn.

’KuBoTHBIE BBIBOAMINCH W3 DKCIEPUMEHTA CITYCTS
180 m 270 cyTOK mocIiie ONMepaTuBHOTO BMENIATEIhCTBRA.
Jns n3ydeHus: 0oCOOEHHOCTEH pernapaTUBHOU percHe-
parmu B o0nacTu ieeKTa UCCeKaal y9acTKA HMILIAaHTaIlU-
OHHO-KOCTHOTO OIloKa, pukcrupoBanu B 10% HelTpansHOM
dbopmanune Ha pocdatHoM Oydepe (pH = 7,2), 3arem
Ha MIPOTSDKEHUH 3,5 MECSIICB TPOBOIMIHN JCKAIBIIUHAIINIO
pactBopoMm Tpumnona b (¢ exxenHeBHOM CMEHOU pacTBOpA).
broku 3anuBanu B mapaduH 1Mo oOMENPHHATOW METO-
nuke. Cpe3bl OKpaIlnBaiy TeMaTOKCHINHOM — 203WHOM
u o Ban 'm3ony. OxpamieHHbIe THCTOIOTHYECKUE TIpe-
maparsl MoJIeKaId MOP(OIOrHIecKOMY HCCISTOBAHUIO
C UCIOJIE30BAHIEM CHUCTEMBI MHKPOCKOMUYIECKOTO aHa-
TM3a Ha MEKpocKkotie pupmbl «Leica» ¢ 00bekTHBOM X40
u okyisipom x10. [IpoaHanu3upoBaHbl MOPPOTOTHICCKHE
MOKa3aTeln W AMHAMHUKA MPOIECCOB OCTCOMHTETPALlNH
B yYacTKax Mo Mepupepui IMILIAaHTAIIHOHHO-KOCTHOTO
Osoka. Beero uzydueHo 84 ructosornyeckux mpemnapara.

Pe3yasbTarhl U 00cy:K1eHne

[Tpu MakpOCKOTMYECKOM HCCIIETOBAHHIH MIPEIIapaToB,
BKJIIOYAIONINX HWMILIAHTAIIMOHHO-KOCTHBIA OJOK Tena
HIDKHEH YeNIOCTH CBHHBH, BBIIBICHO, YTO BO BCEX CITyUasxX
HUMIUTAHTATH ITIOTHO COCTUHEHBI C OKpPY KaroIeil KOCTHOU
TKaHBIO, U HApYIIECHUH pOCTa YETIOCTH HE OTMEJAeTCsI.

Puc. 3. Qukcayus umnaaimama
KOCMHbIMU Weamu

Fig. 3. Fixation of the implant
with bone sutures
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Ha puc. 4 npeacraBieH KOCTHBIH OJOK C paHee BBe-
JeHHbIM mMmIianTatoM u3 YYKM. Mecra ¢ukcanuu
WMILIAHTATa TOKPBITHI HOBOOOPAa30BaHHOW KOCTHOM
TKaHbio. [IpakTHuecku He BH3yalu3upyeMas MeTalIu-
gecKas MPOBOJIOKA COOTBETCTBYET MaKpOMOP(OIOTHIEC-
CKOH KapTHHE 3aBEPIICHHOTO MPOIecca OCTCONMHTET Ay
(puc. 4). Harpy3ouHsie poObl B MPOSKIIMK COWICHCHUS
UMILTaHTaTa ¢ KOCTHOHM TKAaHBIO XapaKTePU3YIOTCS OTCYT-
CTBHEM MHKPOIKCCYPCUH, MOABUKHOCTH, OTMEUACTCS
IJIOTHBIA KOHTAKT CTPYKTYpP, COOTBETCTBYIONIUX 3aBEp-
IICHHOMY TIporieccy 00pa3oBaHUs KOCTH BOKPYT MMILIAH-
THPOBAaHHON KOHCTPYKIINH.

Mopdonornueckas KapTHHA Ha TPaHHUIIE YTIEPOTHO-
KOCTHOTO 0JI0Ka 0e3 MPU3HAKOB IMaTOJIOTHH IIPEICTaBICHA
OOIIMPHBIMH Y9aCTKaAMH KOJIJTATEHOBBIX BOJIOKOH C pa3-
BETBJICHHOM CEThIO KPOBEHOCHBIX cocy/IoB. [1o mepudepun
OT BU3YaJIH3UPOBAHHBIX KPOBEHOCHBIX COCYHOB M TKAaHEH,
OKPY>KAIOMINX WMIUTAHTAT, BBISIBICHBI IPU3HAKN aKTHBHO
(hopMupyrOTIEiicsS HAAKOCTHHUIIBI C BHOBb 00pa30BaHHON
rpyOOBOJIOKHHCTOH KOCTBIO (pHC. 5).

Jtst maHHOM MOP(OJIOTHUECKON KapTHHBI TAKXKE Xapak-
TepeH MHTCHCUBHBIN (DaroInTo3 mo nepudepu oT NMIDIaH-
TalnroHHOTO Marepuana. [Iponecc daromuroza cBOOOTHO
JISKAITIX MUKPOYACTHII YIIICPOTHOTO MaTepraa HabIroa-
€TCs TI0 BCEeH TUIOMAIN COTIPHKOCHOBEHNS, C XapaKTEPHBIM
00pazoBaHUEM aHAJIOTa ITYCTOT, B KOTOPBIE YCTPEMIISIFOTCS
BHOBb 00pa3yemMbie 0CTeO0IaCThl U KPOBEHOCHBIE COCY/IbI.
Kak Te, Tak m mpyrue BpacTaioT CO CTOPOHBI (POPMUPYIO-
TIeiicst HaIKOCTHUIIBI U KOCTHBIX 0aJIOK TPYOOBOIIOKHUCTOM
koctu. [IpeacraBneHHas MUKPOCKOIMYIECKasi KapTHHA COOT-
BETCTBYET MaKpOMOP(OIOTHUESCKOI KapTHHE C SIBICHUSIMH
naterpanun Y YKM «VYrekon My: Tak, Ha paHHUX CTaIUsIX
OHa C MPU3HAKaMH PHIXJIOTO CTPOCHHS, U Ha O0Jiee TI03THUX
CTaJIAAX XapaKTepu3yeTcs rpyObIM 00BOJIOKHEHHEM. Bepo-
SITHO, 3TO CBSI3aHO CO CKOPOCTBHIO MHUTPAIIH OCTE00IaCTOB
B ITyCTBHIe» YIACTKH M HHTCHCHBHOCTHIO KIIETOYHOTO B3a-
UMOJICHCTBHS CO CTPYKTypaMH UMILIAHTATA.

ITo Mepe 3amemniennst THIMTMYHOW TUTACTUHYATON KOCTHON
TKaHW BOKPYT UMIUTaHTara (puc. 6) mpeodiagaeTt rpyoo-
BOJIOKHHUCTAsI, YTO COMPOBOXKIACTCS CHIYKCHHEM YaCTOTHI
BcTpedaeMocTH yacTull Y YKM B mopdonorndeckux npe-
maparax. JlaHHas kKapTHHA COOTBETCTBYET pErpeccy Imepu-
(OKaNBbHBIX SBICHUH KICTOUYHOW WHMUIBTPAIIUU B IIPO-
€KLUH ONEPALlMOHHON paHBI.

Peructpupyemast Murpamus ot nepudepuu K HEHTPY
C 3aMEIICHUEM COCAMHUTEIHHOW TKaHW OCTeoOIacTaMu
n GopmMupoBaHHEeM TPyOOBOJOKHHCTOW KOCTH COOTBET-
CTBYeT KIIMHIMYECKOUN KapTuHe (puc. 7).

Kak m3BecTHO, KOCTH IIPEICTABICHHOTO THITA MTOBEP-
raeTcsl OBICTPOMY pa3pyIICHUIO OCTCOKJIACTaMHU, U CTa-
perolue BOJIOKHA COCTUHUTENBHON TKaH — (HUOpOKIIa-
ctamu (puc. 8).

[To nepudepun ot uMIIaHTaTA, TJIe TTOCTEIIEHHO (Op-
MHpYeTCS HaJAKOCTHUIA, KOCTHAs TKaHb Pa3BUBACTCSA
3aMeJINICHHO, TaK KaK T0J] HaJKOCTHHIIEH ObicTpee (op-
MHUpYeTCs pBIXJas COeTUHUTENbHas TKaHb. [lanHas Mop-
(oryornyeckas KapTHHa Ha MPOTSHKEHUH pereHepupyIoei
KOCTH coxpaHseTcs Henonro. [losBusercs Bce OombIe 30H

C TOpa30 MCHBIIUM OOBEMOM COCIHHHUTEIHHOH TKaHU
(puc. 9).

BMmecre ¢ coeTMHUTENTLHON TKaHBIO M COCY/IaMH B 00pa-
3yIOIIHecs JJaKyHBl Ha MECTa YacTHUI[ yIIEPOIHOTO MaTe-
puana «VriekoH My BpacTaroT IepuBacKyIsIpHBIC KIETKH,
WHIYHOCIBHBIC K OcTeoreHesy. X criocoOHOCTh K mpeod-
pPa30BaHMIO B OCTCOOIACTHI SBISICTCS €IIe OTHUM 3BCHOM
MTOCTENIEHHOTO 3aITOJIHEHUS JJaKyH KOCTHOU TKaHbI0. Takoi
JKe TIPOoIIecC MPOUCXOIANT U B TOJOCTAX YK€ CHOPMHUPO-
BaHHOMU IJJACTUHYATOH KOCTH, O YEM IOBOPUJIOCH BBIIIE
(puc. 10).

Kax uepe3 mects, Tak u uepe3 9 mecsIeB ¢ MOMEHTA
TUTACTUYECKOTO 3aMEIIEHISI KOCTH UMILTIAHTaTOM B cop-
MHPOBAHHOH TIACTUHYATON KOCTH PETHCTPUPYETCS HEPaB-
HOMCPHO OKpAaIINBAIOIICeCs] MEKXKICTOTHOE BEIIECTBO,
YTO SPKO CBUICTEIHCTBYET O HEOIWHAKOBON CTEICHH
MUHEpaJIH3aIlui KOCTHOW TKaHu (puc. 11).

-

Puc. 4. Makponpenapam
(4epe3 270 cymok om Ha4yana
3KcnepumeHma): umnaaHmam
pUKCUPOBAH K KOCMHOU MKAaHu

Fig. 4. Macropreparation
(270 days from the start of
the experiment): the implant
is fixed to the bone tissue

Puc. 5. [pyb6ogonokHucmas
KOCMHAA MKaHe C Haauyuem
ocmeobaacmos (1),
KOJ1/1a2eH08bIX 8O/IOKOH (2).
6 MecAyes nocsie onepayuul.
OKpacka 2eMamoKcu/luHOM
U 303uHOM. Y8. X400

Fig. 5. Coarse fibrous bone tissue
with osteoblasts (1), collagen
fibers (2). 6 months after
surgery. Coloring of hematoxylin
and eosin. Increase x400

Puc. 7. CoeduHumenvHas
mkaHb, c60600HAA om Yyacmuuy,
yanepodHozo mamepuana (1),
¢hopmuposaHue no nepucgepuu
2py6080/10KHUCMOU Kocmu
ocmeobaacmamu (2). 9
MecsAyes nocsie onepayuul.
OKpacka 2eMamoKcuuHoOM
U 303uHOM. Y8. X400

Puc. 6. CoeduHUMenbHas
mkaHs (1) c omoesibHbIMU
3epHAMU y21epo0H020
mamepuana «yanekoH M» (2)
6 mecsyes nocsie onepayuu.
OKpacka 2eMamoKcuauHom
u 303uHoM. Y8. X105

Fig. 6. Connecting tissue (1)
with individual grains of
carbon material “Uglekon M”
(2) 6 months after surgery.
Coloring of hematoxylin
and eosin. Increase x105

Fig. 7. Connective tissue free
of particles of carbon material
(1), formation of coarse fibrous

bone on the periphery by
osteoblasts (2). 9 months after
surgery. Coloring of hematoxylin
and eosin. Increase x400
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Puc. 8. Ocmeoknacmel (1),
COeOUHUMEsIbHAA MKAHb (2),
¢ubpoknacmel (3), 6anka
2py6ososiokHUCMOU Kocmu (4).
6 Mecsayes nocsie onepayuul.

OKpacka 2eMmamoKkculuHOM
U 303uHOM. Y8. x400

Fig. 8. Osteoclasts (1), connective
tissue (2), fibroclasts (3),
coarse fibrous bone beam (4).
6 months after surgery.

Coloring of hematoxylin
and eosin. Increase x400

Puc. 10. Qopmupyrowutica
0CMeoH (NOKAsaH cmpenkamu).
9 mMecAyes nocsie onepayuul.
OKpacka 2eMamoKCcuiuHOM
U 303uHOM. Y8. x400

Fig. 10. Emerging osteon
(shown by arrows). 9 months after
surgery. Coloring of hematoxylin
and eosin. Increase x400

Puc. 9. QopmuposaHue
HaokocmHuysl (1) c nodnexawed
coeduHUMesIbHOU MKaHbio (2).
6 Mecsiyes nocsie onepayuu.
OKpacka 2eMamoKcu/iuHom
U 303uUHOM. Y8. X400

Fig. 9. Formation of the periosteum
(1) with the underlying connective
tissue (2). 6 months after
surgery. Coloring of hematoxylin
and eosin. Increase x400

Puc. 11. PasHas cmeneHb

OKPAWUBAHUS MAMPUKCA
nnacmuHYamou kocmu — 6onee
cnaboe (1), 6onee uHMeHcusHoe (2).
9 Mecsyes nocsie onepayuu.
OKpacka 2eMamokcu/luHoM
u 303uHOM. Y8. x70

Fig. 11. Different degree
of staining of the matrix of the

[Tpu sTOM TporIecCH MUHEPATH3ANN M JeMHHEPAIIH-
3aI[H Y9aCTKOB I'PYOOBOJIOKHHUCTOH KOCTH, TIPOMCXOJISIINE
B Pa3HBIX 30HAX M CKOPOCTSIX, OOYCIIOBICHBI Pa3THIHBIMA
JIOKaJbHBIMH YCJIOBUSMH KOCTeoOpa3oBaHus Ha (hOHE pas-
JMYHBIX OOIINX IMPOIIECCOB KHU3HEIECITSIIFHOCTH MaKpOOp-
ranu3Ma. B memoM, ecim He aKIEHTHPOBATH BHUMaHUE Ha
TEMITaX POCTa W Pa3BUTHS KOHKPETHOTO KHBOTHOTO, OUe-
BUJTHO, YTO TIPOIIECC 3aMECTUTEIILHON pEereHepaIiii KOCTHON
TKaHU TIPOMCXOINUT Ha BCEM IPOTSHKEHUH OCTCOMHTETPAIINH
MMIUTAHTaTa HEPAaBHOMEPHO, B TOM UFICJIC H 10 ATOH IPUYIHHE.

Taxum 00pa3om, Ha TpaHUIE UMIUIAHTAIIHOHHO-KOCT-
HOTO 0JIOKa IIPH BBEJCHUH MMIUTAHATIIHOHHEBIX CHCTEM U3
VYVYKM BbISIBJIEHBI TIPOIIECCHl BOCCTAHOBICHUS TTOBPEK-
JICHHOW KOCTHOM TKaHW C COXpPaHEHWEM 3aJaHHOU
¢opmel 1 paszmepa. ClieayeT OTMETUTH, YTO IPH OCMOTPE
JKHBOTHBIX B pPaHHEM IIOCICOMEpPAIIHOHHOM IIEPHOJIC
OBLTa 3apeTUCTPUPOBAHA HEKOTOPASI ACUMMETPHUS MATKUX
TKaHeH, 9To 00yCIOBICHO MEPHOCTANLHEIMH PEaKITUIMH,
HEM30€KHO MPOUCTEKAIOMINMHU BOKPYT UMILTAaHTHPYEMOU
cyOCTaHIINH, CKOPHIH perpecc KOTOPHIX CBUACTEIHCTBYCT
0 OMONIOTHYECKOI HHEPTHOCTH HCCIIETyeMOT0 MaTepraa.
Bricokas cTeneHb MPOTHO3UPYEMOCTH MHHUMAJIbHBIX
PHCKOB pa3BUTHS OCJOXHEHHH, TOOOUYHBIX 3()PEeKTOB
U PE3yJBTaTOB IIPHU NCTIOIH30BAHIH PEAIaraeMoro MaTe-
pHrana CBHIETEIBECTBYET O BOZMOXKHOCTH €TI0 IIPIMECHEHUS
JUTSI TIAIIHEHTOB, KOTOPBIM IO TE€M IIIM WHBIM TpUYHHAM
MPOTHBOIOKA3aHa ayTOTPaHCILIAaHTAIINS.

BriBoabl

Pesynbrarsl MOp(}OIOTrHYeCKUX HCCIIEA0OBAHUN CBHIC-
TENBCTBYIOT O BEICOKOW HHTCHCHBHOCTH PETEHEPATOPHOTO
MOTCHIIHAIAa KOCTHOH TKaHH, yCIICITHONW OCTCONHTETPaIliy
UMIIIAHTATOB, BBITOJTHEHHBIX U3 YIIEPOA-YIICPOTHOTO
KOMITO3UIIMOHHOTO MaTrepuania « YriiekoH My, a oTcyTcTBre
MIPU3HAKOB OTTOPYKEHUSI UMIUTAHTATa M AUCTPOYUICCKUX

J
1.

lamellar bone - weaker (1),
more intense (2). 9 months after
surgery. Coloring of hematoxylin

and eosin. Increase x70

MU3MEHEHHH 10 ero rnepudepun MOTyT OBITh YITEHBI B KITH-
HUYIECKOW MpaKTHUKE MPH pa3pabdOTKe W UCIOIB30BaHUU
KOHCTPYKLUUN UMIIJIAHTALIUOHHBIX CUCTEM.
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