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3<1><1> EKTIIBH OCTb fEH-AKTIIBIIPOBAHH Oro OCTEO IIJIACTIIqECKO ro MATEPMAJIA 
HA OCHOBE OKTAKAJibUMEBOfO <l>OC<l>ATA II IIJIA3MII,UHOH ,UHK C fEHOM VEGF 
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I'eH-aKmueupoeamtbte ocmeon1zacmu11,ecKue MamepuaJlbt RBJlJuomcR npUHUiunuaJlbHO HOBbLM 
KJlQCCOM MeaUUiUHCKUX U3aeJlUU aJlR KOCmHOU nJlaCmUKU. B UCCJleaoeaHUU npoeeaeHa OUieHKQ 

6UOJl02U"teCK020 aeucmBUR MamepUGJlQ HQ OCHOBe OKmQKQJlbltiUe8O20 rpocrpama U nllQ3MUaHOU 

J(H Kc 2eHoM cocyaucmow 3HaomeJ2uaJ2bH020 cpaKmopa pocma (VEGF), uMnJ2aHmupoeaHHO20 
8 aerpeKmbt meMeHHblX KOCmeu KpOllUKOB auaMempoM JO MM. Bbtf/,8/leHO rpopMupoeaHue KOCm

HO20 pe2eHepama eOKpy2 2paHyJ2 Mamepua/la aaJ/Ce e UieHmpallbHOu 11,acmu aerpeKma, 
a maKJ/Ce Ha1Lu11,ue KocmHO20 MO3W e MeJ1Cmpa6eKyllRpHOM npocmpaHcmee Ha cpoKe 60 cym. 
B KoHmpolle - uMnJ2aHma4uR HocumellR 6e3 2eHHbtX KOHcmpyK4uu - pe2eHepa4uR ocyllliecm
BJlRllacb 2JlQ8HblM o6pa30M co cmopOHbl Kpaee KOCmHO2O aerpeKma. J1cnOJlb308QHUe 2eH-aKmU
eupoeaHHO20 ocmeonJ2acmu11,ecKO20 MamepuaJla npueoaullo K BbtpaJ1CeHHou ocmeouHayK4uu, 
06ecne11,ueweu ycKopeHue u nOBbLU/,eHue UHmeHCUBHocmu Hoeoo6pa308QHUR KOCmHOU mKaHU. 

K JI JO q e Bbl e C JI O Ba : reH-aKTl1B11pOBaHHbI11 OCTeOITJiaCTWieCKJ111 MaTep11an ' OKTaKaJib
u11eBbIH cpoccpaT, nna3Ml1,UHa5I )lHK C reHOM veg[, ,uecpeKTbl TeMeHHbIX KOCTeH. 

Efficacy of Gen-Activated Osteoplastic Material Based on Octacalcium Phosphate 
and Plasmid DNA containing veg/ Gene for Critical-sized Bone Defects Substitution 
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Gene-activated osteoplastic materials are a principally new class of medical devices for bone 
plasty. The purpose of the study was to evaluate the biological action of the material based on 
octacalcium phosphate and plasmid DNA containing vascular endothelial growth factor (VEGF) 
gene. Study material was implanted into 10 mm diameter rabbit parietal bone defects. Formation 

· of bone regenerates around material granules even in the center of the defect and the presence of 
bone marrow in intertrabecular space on day 60 after implantation was detected. In control 
group of animals - implantation of carrier without gene constructions - regeneration took place 
mainly on the bone defect margins. Use of gene-activated osteoplastic material resulted in 
pronounced osteoinduction that provided both acceleration of the regeneration and increase of 
new bone tissue formation intensity. 

Key words: gene-activated osteoplastic materials, octacalcium phosphate, plasmid DNA 
containing vegf gene, parietal bone defects. 

OcTeOI1JiaCTJ,fl•-IeCKJ1e Ma TepMaJibI RBJIRIOTCR BbICO

KO BOCTpe6oBaHHbIMJ1 Me,D;J1LI;J1HCKJ1MJ1 J13,D;eJIJ1RMJ1, OHM 

IIOKa3aHbI ,ll;JIR 3aMew;eHJ1R KOCTHbIX ,n;ecpeKTOB J1 BOC

IIOJIHeHJ1R yqacTKOB a TpO(pJ1J1 KOCTHOJ1 TKaHM [ 1 - 3]. 
ToJibKO B CIIIA, rro ,n;aHHbIM Hau;MoHaJibHOro u;eHTpa 

CTa TJ1CTJ1KJ1 3,z:i;paBooxpaHeHMR, B 2010 r. o6w;ee KO-
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JIJ1qecTBO orrepau;J111 c rrpMMeHeHMeM OCTeOrrJiaCTJ1qec

KJ1X MaTepMaJIOB y rrau;MeHTOB TpaBMaTOJIOfO

OpTorre,n;J1qecKoro rrpocpMJIR cocTaBMJIO He MeHee 

1, 3 - 1 , 5 MJIH [ 4). 
A6coJIIOTHOe 60JiblllJ1HCTBO pa3peweHHbIX ,D;JIR 

KJIJ1HJ1qecKoro rrpMMeHeHMR OCTeOrrJiaCTJ1qecKJ1X Ma-
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Tep MaJIOB MMeIOT orpaHMq eHHYIO 3 cpcpeKTMBHOCTb , T aK 

KaK OKa3bIBaIOT TOJibKO OCTeOK OH ,IJ;YKTMBHOe ,n;eMCT BMe, 

He c o ,n;epma T 6MOJIOrv1qecKM aKTMB H bie K 0MIT0He HTbI , 

CTaH,n;a pTM3MpoBaHHbie ITO K a qec T B e HHbIM M K OJIMq e 

CTBeHHbIM IT0Ka3a Te JI.HM M CITOC06Hbie 0 6 e cITe q v1Tb o c

Te0MH,IJ;YKIJ;MIO v1 ( MJIM) 0CTeoreHH0CTb [ 5 ] . 

B 3 T OM CBH3M pa3pa60TK M 6oJiee 3 cpcp e K TMB H bIX 

0CTe0ITJiaCTMqecKMX Ma Tep MaJI0B BbIC0 K0 aKTyaJibHbI 

M Be,n;yTCH B paMKax Tpex 6v10TeXHOJIOr v1 q ecK MX H a -

npaB JieHMM: IT0CTreH0MH0ro, K JieToqHo r o M r e HH0ro, 

K0T0pb ie pa3,n;eJieHbI TaKMM o6p a30M ITO ITpMp o,n;e 6v10-

JI0rv1qecKM aKTMBH0ro K0MIT0H e HTa , B X0,IJ;HII.I;e r o B MX 

C0CTaB - cpaKTOpbI pocTa ' KJieTKM MJIM r e HH b ie K 0H

CTPYKIJ;MM coo TBeTCTBeHH0. 

IIepBbie ,IJ;Ba IT0,n;xo,n;a MM eIOT pH,n; H e,n;ocTa TK0B. 

B qacT H 0 CTM , cpaKTOpbI pocTa B ycJI0B MH X o n epau;M 

OH H OM paHbI 6bIC T po pa3pym aIOTCH , HBJIHIOTCH 

KOpOTKO:>KMBY II.J;MMM, qTo He IT03BOJIHeT « ITpOTeMH

aKTMB Mp 0 BaHH0My » 0CTe0ITJiaCTMqecK0MY Ma TepMa

JIY B IT0JIH o:ti Mepe peaJIM30BaTb c B oe ,n;e:ticTBMe. TKa 

HeMHmeH e pHbie K OCTHbie r p a cpT bI He,n;ocTa TQqHQ 3cp 

cpeKTMBHbI B CJiyqae ITP0TH:>KeHHbIX K0CTHbIX ,n;ecpeK

T0B M3- 3 a rv16eJIM 60JiblllMH CTB a KJieT0K, BX0 ,D;HII.I;MX B 

C0CTaB ; T aKme MMeIOTCH CJI0:>KH 0CTM npaB0B0ro pery

JIMpoB a H MH M perMCTpau;MM Me,D;MIJ;MHCKMX M3 ,n;eJIMM, 

co,n;epma 111;v1 x mMBbie KJieTKM. T e M He MeHee o 6a yKa -

3aHHbIX HanpaBJieHMH yme MMeIOT ITpeu;e,n;eHTbI yc 

nemHoro BHe,n;peHMH B KJIMH Mq ecKyIO npaKTMKy. IlpM 

3T0M 6oJiee ITepcITeKTMBHbie r e H-aKTMBMp0BaHHbie oc 

Te0ITJiaCTMqecKMe Ma Tep MaJibI , JIMllleHHbie He,n;ocTa T 

K0B ITepBbIX ,n;Byx rpyITIT, ,n;o H e,n;aBHero BpeMeHM KaK 

B P ocCMM, TaK M 3a py6emoM H axo,n;MJIMCb Ha CTa,n;m1 

,IJ;0KJIMH MqecKMX MCITbITaHMM. O TqacTM TaKo e 0TCTa 

BaH Me K0ppeJIMpyeT C MeHblllMM K0JIMqecTB0M MCCJie 

,n;oB aHMM, ITp0 Be,n;eHHb IX B paMKax reHHOM Tepan MM, 

n o c paBHeHMIO C ,n;ByMH ,n;pyr MM M 6v10TeXHOJIOrv1q ec 

KMMM n o ,n;xo ,n;aMM. 

BHe,n;peHMe Ha Teppv1Top v1v1 P occv1:ticKo:ti <Pe,n;ep a 

u;v1v1 M y KpaMHbI reHH0Tep a ITeBTMq ecKoro JieKa pCTBeH

H 0 r o ITpeITapaTa «HeoB acKyJir e H » (MH CTMTYT CTB 0JI0 -

BbIX KJieT0K qeJI0B eKa, P o cCMH ), 06Jia,n;a10111;ero a H rM 

o reHHOM aKTMBH0CTb IO, CT aJI0 Hay qHo - TeXH Mq ecKMM 

3a,n;eJI0M B pa3pa60TKe r e H-aKTMBMp0 B a HHbIX 0 CTeo

ITJiaCTMqecKMX MaTepMaJI0B . yqMTbIBaH K p MTMq ecKyIO 

3HaqMMOCTb a H rMoreH e3a B peITapaTMBHOM pere H e pa

IJ;MM KOCTH OM TKaH M [ 6 ] , ITpe,n;cTaBJIH JI0Cb u;e Jie coo 6-

pa3Hb IM MCIT0Jib 30BaT b ITJia3MM,n;Hy IO ,UHK c r e H o M , 

KO,n;MpyIOII.I;MM c ocy,n;MCT bIM 3H,IJ;OTeJIMaJibHbIJ1 cpaKT Op 

pocTa (VEGF), ,n;JIH co3 ,n;aHMH reH-aKTMBMpoBaHHoro 

ocTe0ITJiacTv1qecKo ro Ma Tepv1aJia . 

IJ;eJib lO ,n;aHH0 r 0 MCCJie,n;oBaHMH HBJIHJiaCb ou;eHKa 

6MOJIOrv1qecKo r o ,n;eM CTBMH reH-aKTMBMp0BaHH0ro oc

TeOITJiaCTMqecKo r o Ma TepMaJia , COCTOHII.I;ero M3 OKTa

KaJibIJ;MeB o ro cpoccpaTa (OK<P) M ITJia3MM,n;Ho:ti ,UHK c 

re H OM v egf' B opT0T0ITMqecKMX ycJI0BMHX - B M0,n;e

JIM K OCTHOro ,n;ecpeKTa «KpMTMqecKMX » pa3MepoB. 

MATEPMAJI M METO,I(bl 

0 KmaKMb1-tueeblii ifJocifJam. KepaMwrecKMe rpa

HYJibI OK<P IToJiyqaJIM o6pa6oTKOM coJIHMM opTocpoc-
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cpopHOM KMCJI0TbI Ka p6oHa Ta KaJibIJ;MH car JiaCH0 [ 7]. 
Ha ITepBoM 3Tane rpaHy JibI Ka p6oHa Ta KaJibIJ;MH ITe

p e B0,IJ;MJIM B ,IJ;MKaJibIJ;MMcpoccpa T ,D;MrM,n;pa T (,UK<P LI:) B 

pacTBopax coJie:ti opTocpoccpopHo:ti KMCJI0TbI ( 40°C, pH 

4 ,1-5, 5 ; 7 cyT). 3aTeM ITp0B0,IJ;MJIM m,n;p0JIM3 ,UK<P,U c 

o 6pa3 oBaHMeM OK<P B pacTBope au;eTaTa HaTpMH 

( 37°C , 3HaqeHMe pH ? 6 , 5 ; 7 cyT) . 

I'eH-aKmueupoea1-i1-iblU ocmeon.11,acmu'ltecKuii .Ma

m epua.11,. CoBMe111;eHv1e rpaHyJI OK<P M ITJia3MM,n;Ho:ti 

,UHK C reH0M vegf BbIIT0JIHHJIM ITO paHee pa3pa6oTaH

H0MY Jia6opa T0pH0MY ITP0T0K0JIY [ 8]. JleKa pCTBeHHbIM 

npeITapaT « HeoBacKyJireH » pa3B0,IJ;MJIM B Bo,n;e ,n;JIH 

MHoeKu;M:ti corJiacHo MHCTPYKIJ;MM ITp0M3B0,IJ;MTeJIH. 

OTMbITbie B paCTB0pax cpoccpa TH Oro 6ycpepa pa3JIMq

HbIX KOHIJ;eHTpau;v1:ti rpaHyJibI OK<P MHKy6v1poBaJIM c 

paCTB0p0M TIJia3MM,IJ;HOM ,UHK B TeqeHMe 10 q ITPM 

TI0CT0HHH0M BCTpHXMBaHMM v1 TeMITepaType 37°C. 3a

TeM paCTB0p c Hea6cop6v1poBaHHbIMM reHHbIMM K0H

CTPYKIJ;MHMM 8BaKyv1poBaJIM , reH-aKTMBMpoBaHHbIM 

Ma Tepv1aJI IT0,n;Be praJIM cymKe ITPM TeMITepa Type 3 7°C 

B T eqeHMe 10 q_ 

JJ,u3au1-i ucc.11,e8oeaHUJL. MccJie,n;oBaHMe BbIIT0JIHe

H0 Ha 15 Kp0JIMKax IT0p0,IJ;bI ilIMHlllMJIJia MaCCOM 2-
2 , 5 Kr o6oero noJia c co6JIIO,n;eHMeM Mem,n;yHa po,n;HbIX 

ITpaBMJI ryMaHH0r0 06pa111;eHMH C Jia6opa T0pHbIMM 

:>KMB0THbIMM. y Kam,n;oro :>KMB0TH0ro cpopMMpOBaJIM ITO 

,n;Ba 0,IJ;MHaK0BbIX CMMMeTpMqHbIX ITOJIHOCJIOMHbIX ,n;e

cpeKTa 06ev1x TeMeHHbIX KOCTeM ,n;MaMeTp0M ITO 10 MM, 

K0T0pbie HBJIHIOTCH «KpMTMqecKMMM » ,IJ;JIH Kp0JIMK0B, 

TaK KaK ecTeCTBeHHbIM BOCCTaHOBMTeJibHbIM ITpou;ecc 

6e3 KaKMX-JIM6o 0ITTMMM3MpyIOII.J;MX BJIMHHMM He 3a

B e pmaeTCH ITOJIHOM KOHCOJIM,n;au;v1e:ti. B ,n;ecpeKTbI ITpa

BbIX TeMeHHbIX KOCTeM J1MITJiaHTMp0BaJIM reH-aKTM

BMpOBaHHbIM OCTeOITJiaCTJ1qecKJ1J1 Ma TepMaJI ( 3KCITe

pMMeHTaJibHaH rpyITITa), cocTOHII.J;MM M3 OK<P M ITJia3-

MM,n;Ho:ti ,UHK C r e HOM vegf' B ,n;ecpeKTbI JieBbIX TeMeH

HbIX KOCTeM - H0CMTeJib 6e3 ITJia3MM,IJ;HOM ,UHK (KOHT

p 0 JibHaH rpyITITa ). 

llpomoKo.11, onepa1-tuu . IIocJie ITpeMe,n;imau;MM (aT

p o ITMH 0 ,04 Mr / Kr , u;ecpa30JIJ1H 25 Mr / Kr BHYTPMMbI

m e qHQ) M ce,n;au;MM ( 30JieTMJI 100 B K0HIJ;eHTpau;MM 10 

Mr / Kr), aceITTMqecKOM o6pa60TKJ1 onepau;M0HH0r0 ITOJIH 

IT0,n; MH(pMJibTpau;MOHHbIM o6e360JIMBaHMeM (y JibTpa

KaMH 1 , 7 MJI) ITp0M3 B0,IJ;J1JIJ1 JIMHeMHbIM pa3pe3 MHr

KJ1X TKaHeM ,n;o Ha,n;K0CTHMIJ;bl B ITpoeKIJ;MM carMTTaJib

H0ro lllBa OT 6yrpa 3a TbIJIQqHQM KOC TM KITepe,n;M ,D;JIM

HOM 2-2 , 5 CM. Komy v1 MbllllIJ;bI 0TB0,D;MJIM JiaTepaJibH0 

c o6Ha:>KeHMeM Ha,n;K0CTHMIJ;bI. 3a TeM pacceKaJIM Ha,n;

K0CTHMIJ;Y ' Ha,n;K0CTHMqHbie JI0CKYTbI 0TB0,D;MJIM Jia Te

paJibH0 c o6Ha:>KeHMeM IT0Be pxH0CTM TeMeHHbIX K0C

TeM. y Kam,n;oro :>KMB0TH0ro C IT0M0II.I;blO TpenaHa (Ha

py:IBHbIM ,n;MaMeTp 10 MM) cpopMMpoBaJIM ,n;ecpeKTbI 

TeMeHHbIX KOCTeM 6e3 IT0Bpem,n;eHMH TBep,n;o:ti M03ro

BOM o6oJioqKJ,I (pMC. 1 ) . KocTHbie ,n;ecpeKTbI 3aIT0JIHHJIM 

MCCJie,n;yeMbIMM Ma TepMaJiaMM. OITepau;MOHHYIO pa Hy 

ymv1BaJIM ITOCJIOMHO Y3JI0BbIMM mBaMM Vicryl 4 / 0 

(Ha,n;KOCTHMIJ;a , MbllllIJ;bI) , 5/0 (Koma). CBe,n;eHMe Kpa

eB pacceqeHHOM Ha,n;K0CTHMIJ;bl Y3JI0BbIMM lllBaMM 

06ecITeqv1BaJIO Ha,n;e:IBHYIO cpMKCaIJ;MIO MMITJiaHTMpo

BaHHbIX Ma TepMaJI0B B ITpe,n;eJiax K0CTHbIX ,n;ecpeKTOB. 
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JK11BOTHbtX BbIBO,ZJ;I1Jil1 J13 8KCnep11-

MeHTa nyTeM nepe,z::t;O3MpOBKJ1 3OJieTJ1-

Jia qepe3 30, 60 i:1 90 cyT. Y,n;aJIHJIM 

KpbilllY qepena C 3OHaMJ1 paHee BbI

nOJIHeHHbIX ,n;ecpeKTOB, cpMKCMpOBaJIJ1 

B 4% pacTBope He:v.cTpaJihHoro cpopMa

Jil1Ha J1 no,n;BepraJIJ1 ,n;aJibHeJ1lll11M MC

CJie,z::t;oBaHMHM. 

Ko1-lyc1-lo-Ay'l/,eBy10 1w.Mnb10mep-
1iy10 mo.Mo2pacjju10 3KCnJiaHT11pOBaH

HbIX Ma Tepi:1aJIOB BbIIIOJIHHJil1 He no3,n;-

Hee 7 cyT nocJie cp11KCaQJ111 B 4% pa- Puc. 1. .D:ecpeKTbI TeMeHHbIX KOCTeM KpOJIMKa ,n;MaMeTpOM 10 MM. 

CTBOpe He:v.cTpaJibHOro cpopMaJI11Ha Ha a - ,n;o MMITJiaHTal.l;MM OCTeo rrJiaCTW:-IeCKMX MaTepv1aJIOB , 6 - rro c Jie MMITJiaHTau;v1v1 

KOMIIbIOTepHOM TOMOrpacpe J. Morita reH-aKTMBMpOBaHHOrO OCTeOITJiaCTW-Ie CKOro MaTepv1aJia . 

3D Accuitomo 170 ( «J. Morita Corporation», Hno- 2,5 MM: 2 nepi:1cpepi:1qecKi:1x 11 2 QeHTpaJibHbIX. ,I(Be 

H11H). Ka:>K,z::t;bIJ1 o6pa3eQ CKaH11poBaJI11 OT,z::t;eJibHO, He BHyTpeHHMe o603HaqaJil1Cb KaK O,z::t;Ha QeHTpaJibHaH 

J13BJieKaH ero J13 6aHKJ1 C (pJ1KCMpyIO~J1M pacTBOpOM, 30Ha, ,z::t;Be KpaeBbie - KaK O,z::t;Ha rrepmpepi:1qecKaH. B 

n p11 O,z::t;MHaKOBbIX pe:>KMMax 11 na paMeTpax 3KCnO311-

~11J1: pa3Mep BOKCeJia 0,08 MM, 80KB, 2 MA 

AHaJI113 TOMorpaMM np0Bo,n;11JI11 cTaH,n;a pTHbIMM 

11HCTpyMeHTaMJ1 B rrporpaMMHOM o6ecrreqeHl111 

P lanmeca Romexis viewer ( «Planmeca Oy», ct>i:1H

JIRH,z::t;11R). IlJIOTHOCTb pereHepaTa 113Mep.HJIJ1 B aKCl1-

a JihHOJ1 IIJIOCKOCTJ1 B OTHOCl1TeJibHbIX e,z::t;MHl1Qax , rrp11-

6JI11:>KeHHbIX K e,n;11HJ1QaM XayHccp11JI,n;a (HU) Ha Tpex 

y poBH.HX: HapymHa.H, BHyTpeHHRR KOpT11KaJibHbie 

n JiaCT11HKl1, a TaKme B cpe,n;l1HHO:V.C nJIOCKOCTJ1 (ypo

BeHb ry6qa Toro Be~eCTBa ). ,I(JIR J13MepeHMJ1 J1CnOJib-

30BaJil1 11HcTpyMeHT ROI (region of interest) OKpyr

Jio:v.r cpopMbI, rro,n;6i:1pa.H ,z::t;MaMeTp Kpyra B 10 MM i:1 

ToqHo II0311Ql10H11pyR ero B rpaHMQax paHee BbIIIOJI

H eHHhIX KOCTHbIX ,n;ecpeKTOB. J,13 Tpex noJiyqeHHbIX 

3HaqeHl1J1 IIJIOTHOCTJ1 pereHepaTa B o6JiaCTJ1 KOCT

HOfO ,n;ecpeKTa (Ha Tpex ypOBHRX B aKCMaJibHOVl rrpo

e KQ1111) paccq11ThlBaJIJ1 IIOKa3aTeJil1 ,z::t;JIR CTaTl1CTJ1-

q ecKoro aHaJI113a. 
I'ucmoA02U'l/,eC'Koe uccAeaoBa1-lue. IIocJie ,n;eKaJib

~ i:1HaQJ1J1 B pacTBope Bi:10,n;eK-R ( «Bio-optica», :V1Ta

JIMH) KpbllllJ1 qeperroB pa3,z::t;eJI.HJIJ1 Ha ,z::t;Be IIOJIOBl1Hbl 

n o carMTTaJibHOMY lllBy. 3a TeM BbIIIOJIHRJIJ1 pa3pe3 

BO cppOHTaJibHOM IIJIOCKOCTJ1 qepe3 cepe,n;MHY paHee 

BbIIIOJIHeHHOfO KOCTHOfO ,n;ecpeKTa. ,I(JIH nocJie,n;yIO~e

ro fJ1CTOJIOr11qecKoro aHaJil13a MCnOJib3OBaJIJ1 ,[t;J1CTaJib

H Y IO ( 3a TbIJIOqHyIO) nOJIOBl1HY TeMeHHOVl KOCTJ1 C pe

reHepa TOM. M36bITOK KOCTHO:V.C TKaHM co CTOpOHbI 3a

T bIJIOqHOJ1 KOCTJ1 OTCeKaJil1. Mi:1Kponpena pa TbI J13fO

TaBJIJ1BaJil1 no cTaH,n;a pTHO:v.r MeTo,n;11Ke. BbIIIOJIHRJI11 

OKpacKy cpe3OB re Ma TOKCJ1Jil1HOM 11 3O3J1HOM , a TaK

me Tpi:1xpoMHbIMl1 Kpac11TeJIRMJ1 (no MaJIJIOpM 11JIJ1 

M aco Hy - foJI,n;Hepy ). Bee i:13roTOBJieHHbie npena pa

TbI no,n;BepraJii:1 cKaH11poBaHJ1IO (Mirax scanner , Carl 

Zeiss) , Q11cpp0Bbre i:1306pameHMR aHaJI113i:1poBaJii:1 npi:1 

p a 3JIJ1qHbIX yBeJii:1qeHJ1HX. ,I(JIR KOJIJ1qecTBeHHOVl 

OQeHKl1 KOCTHOrO pereHepaTa B 3OHe J1MIIJiaHTaQMJ1 

Ma Tepi:1aJIOB BbIIIOJIHHJI11 fl1CTOMOpcpoMeTpJ1qecKl1J1 

aHaJil13 ITO CTaH,n;a PTHOMY rrpoTOKOJiy. Ha rrepBOM 3Ta

n e B rrporpaMMe aHaJI113a Q11cppOBhIX 11306pameH11ti 

Pannoramic Viewer ( «3DHISTECH Ltd», CIIIA) orr

p e,n;eJIRJil1 rpaH11QbI KOCTHbIX ,n;ecpeKTOB, BbIIIOJIHHJIJ1 

pa3MeTKY fl1CTOTOIIorpaMMbI Ha 4 paBHbie qacTM ITO 
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Kam,n;o:v.c 113 qeTbrpex qacTe:v.r r11cT0TorrorpaMMbI orrpe

,n;eJIHJIM ,z::t;OJIIO KOCTHOfO pereHepa Ta C 11CIIOJib3OBaHl1-

eM nporpaMMbI ImageJ (National Institutes of Health, 

CillA). 

Cmamucmu1tec'Kuii a1-lMU3. Ha nepBOM 3Tane ,z::t;JIR 

CTaTl1CTJ1qecKoro aHaJIM3a noJiyqeHHhlX ,n;aHHhlX 

(IIJIOTHOCTb pereHepaTa B o6JiaCTJ1 KOCTHOro ,n;ecpeK

Ta , ,z::t;OJIR KOCTHOfO pereHepaTa B 3OHax ,n;ecpeKTa , ,z::t;M

aMeTp rpaHy JI OCTeOnJiaCT11qecKJ1X Ma Tep11aJIOB) 6bIJIJ1 

J1CIIOJib3OBaHbI oni:1ca TeJibHbie MeTO,[t;bI: orrpe,n;eJieH11e 

cpe,n;Hero 3HaqeH11R, Me,n;i:1aHbI, cpe,n;Hero KBa,n;paTM

qecKoro OTKJIOHeHMR, CTaH,n;apTHOJ1 Ollll16Kl1 cpe,n;Hero 

3Ha qeH11H, H11:>KHero 11 BepxHero KBa pT11Jie:v.r . 3a TeM 

orrpe,n;eJieHO COOTBeTCTBl1e pacnpe,n;eJieHl1R BbIRBJieH

HbIX KOJIJ1qecTBeHHbIX rrapaMeTpOB B Kam,n;o:v.c rpyrrrre 

( cep1111) 3aKOHy HOpMaJibHOfO pacrrpe,n;eJieHl1R C IIO

MO~bIO Kpi:1Tep11H Illarr11po - Y 11JIKa. B cJiyqae He

rra paMeTp11qecKoro pacrrpe,n;eJieH11R KOJI11qecTBeHHhIX 

npM3HaKOB ,z::t;JIH O,z::t;HOBpeMeHHOfO cpaBHeHl1H 6oJiee 

,z::t;Byx He3aBl1Cl1MbIX rpyrrrr 11CIIOJib3OBaJil1 Herra paMeT 

p11qecKl1J1 Kp11Tep11:v.r KpacKeJIJia - Y OJIJI11ca , a ,z::t;JIH 

BbIRBJieHl1R pa3JI11q11:v.c Mem,n;y ,D;BYMR He3aBl1Cl1MbIMJ1 

rpynnaMl1 ITO-OT ,n;eJibHOCTl1 - U - Kp11Tep11:v.r MaHHa -

Y11THl1 C rronpaBKOVl BoHcpeppOHl1. ,I(JIR cpaBHeHl1H 

KOJI11qecTBeHHbIX rra paMeTpOB Ha pa3HbIX cpoKaX B 

npe,n;eJiax o,n;Ho:v.r rpyrrrrbr rrp11MeHHJI11 Kp11Tep11:v.r B11JI

KOKCOHa. Bo BC ex CJiyqa.Hx ypoBeHb CTa Tl1CT11qecKOVl 

3Haq11MOCTl1 pa3JI11q11:v.r 6bIJI rrp11HRT 3a p<0 ,05. 

PE3Y JlhTAThl 

B xo,n;e 11CCJie,n;oBaHl1R Hl1 0,z::t;HO 113 Jia6opa TOpHbIX 

:>K11BOTHbIX He rror116JIO ,n;o cpoKa BbIBe,n;eHl1.H. B rrpo

Qecce eme,n;HeBHoro ,n;11HaM11qecKoro Ha6JIIO,z::t;eH11H He 

6bIJIO BbIRBJieHO Hl1 O,[t;HOfO CJiyqa51 3Ha q11Moro 113Me

HeHl1R rroBe,n;eHqecK11x peaKQ11:v.r 11 arrrreT11Ta. IlocJie

onepaQ11OHHbie paHbI y BCex :>Kl1BOTHbIX 3a:>K11Jil1 rrep

Bl1qHbIM Ha T.H:>KeH11eM. H11 B O,z::t;HOM cJiyqae He 6bIJIO 

3acp11Kc11poBaHO KaK11x-JI1160 rro6oqHbIX RBJieHl1J1 06-

~ero 11JI11 MeCTHoro xa paKTepa. 

Ilo ,n;aHHbIM K0HYCHO-Jiy-r-IeB0J1 KOMIIbIOTepHOVl T0-

MOrpacp1111 qepe3 30 cyT B KOHTpOJibHOM rpyrrrre rpa

Hl1QbI ,n;ecpeKTOB TeMeHHbIX KOCTeM rrpocJiem11BaJi l1Cb 

6oJiee qeTK0, qeM B cJiyqae rrp11MeHeH11R reH-aKT11-
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Puc. 2. ,II:aHHbie KOH Y CHO-Jiyt-IeBOM KOMTibIOT epHOM TOMOrpacpvn1 (aKCMaJibHa.H npoeKIJ;M.H) 30H .n;ecpeKTOB TeMeHHbIX KOCTeM 

K p OJIMKOB , 3 aTIOJIHeHHbIX MCCJie ,n;ye MbIMM MaTe p v1 a JiaMM , qepe3 30 (a, 6), 60 (B, 2) M 90 (2, a ) cyT TIOCJie MMTIJiaHTaIJ;MM. 

a, B, a - K0HTp0JibHaH rpy rma ; 6, 2, e - 3KCrrepv1MeHTaJibHaH rpyrrrra . KpyroM o6o3Ha'-leHa o6JiaCTb MHTepeca (ROI). 

B Mp o BaHHoro o c T eoIT.rracTJ1qecKoro Ma Tepr1a.rra. B 06e

r1 x rpyITITa x KOCTHbie ,n;ecpeKTbI 6bIJII1 3aITOJIHeHbI 

peHTreHKOH T paCTHbIMM rpaHy JiaMM Ma Tepr1aJIOB ITO

B b IWeHHOM ITO cpaBHeHMIO C OKpymaIOrn;eM KOCTHOM 

TKaHbIO ITJIOTHOCTM ITO HU. EoJibWMHCTBO rpaHy.rr Ma

Tepr1a.rroB OITpe ,n;eJIRJIMCb KaK ,ll;MCKpeTHbie yqacTKM 

ITOBbI WeHHOM peHTreHKOHTpaCTHOCTM. Mem,z:i;y rpa

H yJiaM M J1MITJiaHTI1pOBaHHOro MaTepr1a.rra BhlRBJIR

JIMCb y qacT KM ITOHM:>KeHHOM ITJIOTHOCTM. Cpe,n;HRR 
ITJIOTHOCTb ITO ITJiow;a,n;M KOCTHOro ,n;ecpeKTa (ITpM ,ll;M

aMe Tpe 10 MM - 78 ,54 MM2
) B KOHTpOJibHOM rpyITITe 

c o cTaBMJia OT 944,3±361 ,4 ,n;o 1061±412,2 HU, a B 

8KCITepr1MeHTaJibHOM - OT 916,2±418,6 ,n;o 1177,5± 
329 ,3 HU ( pr1c. 2, a, 6). 

t..Iepe3 60 cyT rpaHMIJ;bI KOCTHbIX ,z:i;ecpeKTOB B o6e

MX rpyrmax ITpoc.rremr1Ba.rrr1ch MeHee qeTKo: ITpaKTM

qecKM He OITpe,z:i;eJIRJiaCb 3OHa ITOHM:>KeHHOM peHTreH

KOHTpacTHOCTM Mem,n;y pacITOJIO:>KeHHbIMM Ha ITepr1-

cpepr1r1 rpaHy JiaMM Ma TepMaJIOB J,1 KpaRMM KOCTHOro 

,n;ecpeKTa, Ha6.rrIO,n;aJIOCb BHe,n;peHMe rpaHyJI MaTepr1a

.rra B OKpyma10w;y10 ,n;ecpeKT KOCTHYIO TKaHb. Xa paK

TepHOM oco6eHHOCTbIO TaKme RBJIRJIOCb yBeJIJ1qeHI1e 

ITJIOTHOCTM ITepr1cpepr1qecKOM 3OHbl pereHepaTa, qTo 

6bIJIO o6yc.rrOBJieHO, BepORTHO, KaK CMern;eHMeM rpa

HYJI OK<P K ITepr1cpepr1r1, TaK M o6pa3oBaHMeM KOCT

HOM TKaHM co CTOpOHbI TeMeHHbIX KOCTeM. II pr1 8TOM B 

u;eHTpaJibHOM qacTM OITpe,n;eJIRJili'.ICb yqacTKli'.I C pe3KO 

ITOHMmeHHOM ITJIOTH0CTbIO: MeHee 100 HU. KaK M B 

c.rryqae c OK<P, ITJIOTH0CTb ITepr1cpepr1qecKoM 30HbI 

pereHepaTa (2-4 MM OT KpaR paHee BbIIT0JIHeHHOro 
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,z:i;ecpeKTa) yBe.rrr1qr1Ba.rrach (pr1c. 2, B, 2). Cpe,n;mur ITJI0T

HOCTb TKaHeM B 3OHe KOCTHOrO ,n;ecpeKTa B KOHT

pOJibHOM I1 8KCITepr1MeHTaJibHOM rpyITITax BapbMpOBa

.rra OT 1153 ,8 ±362,2 ,n;o 1272,4±327,6 HU li1 OT 

994,8±361,4 ,n;o 1098,3±418,6 HU cooTBeTcTBeHH0. 

t..Iepe3 90 cyT B 06er1x rpyITITax KpaR TeMeHHbIX 

KOCTeM ITJiaBH0 ITepex0,IJ;MJili'.I B rpaHyJibI MaTepr1aJIOB, 

cpopMr1pyR HeqeTKYIO, Tpy,n;HO pa3JIJ1qJ1MYIO , HepoB

HYIO rpaHr1u;y. KpoMe Toro , KaK B KOHTpOJibHOM, TaK r1 

B 8KCITepr1MeHTaJibHOM rpyITITe Ha6.rrIO,n;aJIOCb yBeJIM

qeHMe MMHMMaJibHOM ITJIOTHOCTM pereHepa Ta B u;eHT

paJibHOM qacTM KOCTHoro ,n;ecpeKTa ,n;o 200-220 HU, 
qTo , ITO-BM,IJ;li'.IM0MY, o6ycJIOBJieHO HOB006pa30BaHMeM 

KOC THOM TKaHM I1 ee MMHepa.rrv13au;r1eM. fpaHy JibI B 

ITepr1cpepr1qecKOM 3OHe xa paKTepI13OBaJIMCb MeHbWeM 

,ll;li'.ICKpeTHOCTbIO: 60JibWMHCTBO rpaHy JI CJIMBaJIMCb B 

OTH0CMTeJibHO roMoreHHbie yqacTKM C IT0BbIWeHHOM 

ITJI0CTHOCTbIO, qTo MOrJIO 6bITb o6cyJIOBJieHO 06oe,z::i;r1-

HeHMeM MX K0CTHbIM pereHepaTOM (pli1C. 2, a, e). Cpe,n;

HRR ITJIOTHOCTb TKaHeM B 3OHe paHee BbIITOJIHeHHOro 

KOCTH0ro ,n;ecpeKTa B KOHTpOJibHOM rpyITITe COCTaBMJia 

OT 986,5±384 ,n;o 1106,5±391,6 HU, a B 8KCITepr1MeH

TaJibHOM - OT 1010,3±374,7 ,n;o 1275,3±368,3 HU. 
B u;eJIOM B 8KCITepr1MeHTaJibHOM rpyITITe cpe,n;HRR 

ITJIOTHOCTb TKaHeM B 3OHe KOCTHOro ,z:i;ecpeKTa Ha Bcex 

cpoKax Ha6.rr10,n;eHI1R HeCKOJibK0 ITpeBbIWaJia 3Ha qe

Hli'.le ITOKa3aTeJIR B KOHTpo.rre , XOTR pa3JIW--Ili'.IR He 6bIJIJ1 

CTaTI1CTJ1qecKI1 3HaqJ1MbIMJ1 (pr1c. 3). 
IIo ,n;aHHbIM rMCTOJIOrli'.lqecKoro MCCJie,n;oBaHMR qe

pe3 30 cyT B 06er1x rpyITITax 60.rrbwaR qacTb K0CTHoro 
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,n;e¢eKTa 6hlJia BhlITOJIHeHa peaKTMBHO M3MeHeHHOM 

pbIXJIOM BOJIOKHMCTOM coe,n;MHMTeJibHOM TKaHbro 

(PBCT), oKpymarorn;eM rpaHyJibI MaTepttaJIOB. O6pa-

30BaHMe KOCTHOM TKaHM Ha6Jiro,n;aJIOCb r JiaBHbIM o6-

pa3OM co CTOpOHbI OITMJIOB TeMeHHbIX KOCTeM: cpe,n;

HRR rrpOTRJKeHHOCTb KOCTHOro pereHepaTa C rreptt¢e

pMM COCTaBMJia 1 -1, 5 MM. B KOHTpOJie BOKpyr HeKO

TOpbIX rpaHyJI OK<P, pacrroJiomeHHbIX Ha paccTOR

HMM 3 MM OT rpaHMQ ,n;e¢eKTa, orrpe,n;eJIRJIMCb yt.iaCT

KM perrapaTMBHOro OCTeOrMCTOreHe3a B BM,n;e «060,n;

KOB » HOB006pa30BaHHOM peTMKY JI0¢tt6p03HOM KOCT

HOM TKaHM TOJIIIJ;MHOM OT 10 ,n;o 105 MKM. O,n;HaKO 60Jib

IIIaR t.iaCTb rpaHy JI, B TOM t.JMCJie B QeHTpaJibHOM t.iac

T M ,n;e¢eKTa, 6bma oKpymeHa TOJibKO PBCT 6e3 rrptt-

3 HaKoB OCTeOrMCTOreHe3a, C e,n;MHMt.J:HbIMM rMraHTCKM

M M MHOfOR,n;epHbIMM KJieTKaMM MHOpO,ll;HbIX TeJI M oc

T e OKJiaCTaMM. B :mcrrepttMeHTaJibHOM rpyrrrre 6oJib

IIIMHCTBO rpaHy JI, JIOKaJIM3OBaHHbIX B QeHTpaJibHOM 

t.iaCTM ,n;e¢eKTa (B 2,5-2,8 MM OT KpaR pacTyrn;ero c 

rreptt¢epMM pereHepaTa), 6bWO OKpymeHO HOB006pa-

3 0BaHHOM KOCTHOM TKaHbro. 

'9:epe3 60 cyT rrocJie MMrrJiaHTaQMM OK<P QeHT

p aJibHaR t.iaCTb ,n;e¢eKTa ,n;MaMeTpOM 6,5-7 MM 6bIJia 

3 arroJIHeHa rrpettMyrn;ecTBeHHO PBCT, rrpoTRJKeHHOCTb 

KOCTHOfO pereHepaTa M3 OITMJIOB TeMeHHbIX KOCTeM 

COCTaBMJia 6oJiee 3 MM (pMC. 4, a). B pR,n;e CJiyt.iaeB 

,n;ame B QeHTpaJibHOM t.iaCTM ,n;e¢eKTa orrpe,n;emwttcb 

e ,n;MHMt.J:Hbie rpaHyJibI OK<P, OKpymeHHbie HOBoo6pa-

3 0BaHHOM KOCTHOM TKaHbro (pttc. 4, 6). B o6pa3QaX C 

reH-aKTMBMpOBaHHbIM OCTeOrrJiaCTMt.ieCKMM Ma TepMa

JIOM HOBoo6pa30BaHHaR KOCTHaR TKaHb orrpe,n;eJIRJiaCb 

H a BCeM rrpOTRJKeHMM KOCTHOfO ,n;e¢eKTa (pttc. 4, 8). 
O KOJIO 3 MM QeHTpaJibHOM t.iaCTM BCe ew;e 6bIJIM BbI

ITOJIHeHbI rrpettMyrn;ecTBeHHO PBCT, xoTR BOKpyr rpa

HY JI, JIOKaJIM3yrow;ttxcR ,n;ame B 3TOM 30He , Ha6Jiro

,n;aJicR KOCTHbIM pereHepaT (pMC. 4, 2). TOJibKO B 3KC

rre pMMeHTaJibHOM rpyrrrre Ha ,n;aHHOM cpoKe 6bIJI BbI

JIBJieH KpaCHbIM KOCTHbIM M03r Mem,n;y Tpa6eKy JiaMM 

p e reHepaTa, MCXO,ll;Rrn;ero M3 OITMJIOB TeMeHHbIX KOC

T e M. B pR,n;e rroJieM 3peHMR « HMlllM » KOCTHoro M03ra 

6 bIJIM orpaHMt.ieHbI rpaHy JI a MM reH-aKTMBMpOBaHHOrO 

M aTepMaJia, Herrocpe,n;CTBeHHO KOHTaKTMpyrorn;MMM C 

KJieTKaMM CTpOMbI ( CM. pttc. 4, 8 ). 
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Pi1c. 3. li13MeHe H11e cpe,n;Hei1 rrJI0TH0CTM TKaHei1 ( B HU ) 
B rrpe,n;eJiax ,n;ecpeKTOB TeMeHHbIX KOCTeJ.1 Ha pa3HbIX cpo
Kax Ha6mo,n;eHI1.H II0CJie J1MIIJiaHTau;1111 MCCJie,n;yeMbIX Ma

Tep11aJIOB. 
3.[(eCb J,1 Ha pttc. 5: ■ - K0HTp0JibHa.H rpyrma ; - 3KcrrepM-
MeHTaJibHa.H rpyrrrra . 

'9:epe3 90 cyT B KOHTpOJie KOCTHbIM pereHepaT rrpo

CTMpaJICR OT O,ll;HOro OITMJia TeMeHHOM KOCTM ,n;o ,n;py

roro. B rreptt¢epMt.ieCKMX 3OHax HOB006pa30BaHHaR 

KOCTHaR TKaHb 6bIJia 6oJiee o6'beMHOM, peMo,n;eJIMpo

BaHHOVl B rrJiaCTMHt.Ja Tyro; B QeHTpaJibHOM t.iaCTM ,n;e

¢eKTa - rrpocJieJKMBaJiaCb TOJibKO BOKpyr rpaHyJI 

MMITJiaHTMpoBaHHOro MaTepttaJia. Yt.iaCTKM ,n;e¢eKTa , 

cBo6o,n;Hbie OT rpaHyJI , 6bWM BbIITOJIHeHbI PBCT. 

B 3KcrrepttMeHTaJibHOM rpyrrrre Ha6Jiro,n;aJiacb rrpaK

TMt.iecKM ITOJIHaR KOHCOJIM,ll;aQMR KOCTHOro ,n;e¢eKTa. 

B Kam,n;oM cJiyt.iae orrpe,n;eJIRJICR JIMlllb He6oJiblllOVI yt.ia -

CTOK rrpOTRJKeHHOCTbro MeHee 1 MM, BbIITOJIHeHHbIVl 

PBCT. BoJibIIIaR me t.iaCTb ,n;e¢eKTa 6b1Jia 3aMern;eHa 

HOB006pa30BaHHOM KOCTHOM TKaHbro , t.iaCTMt.JHO peMO

,n;eJIMpOBaHHOM B ITJiaCTMHt.ia Tyro. Tpa6eKy JibI KOC THO

ro pereHepa Ta C MHKpycTMp0BaHHbIMM B HMX rpaHy Jia

MM MaTepttaJia ¢opMMpOBaJIM e,n;MHyro, CBR3aHHyro 

CTPYKTYPY· KocTHbIM M03r orrpe,n;eJIRJICR B rreptt¢eptt

qecKMX 30Hax HOBoo6pa30BaHHOM KOCTHOM TKaHM. 

BbillleyKa3aHHbie pe3yJibTaTbI 6bIJIM ITO,ll;TBepm,n;e

Hbl K0JIMt.ieCTBeHHO fMCTOMop¢oMeTpMt.ieCKMM aHaJIM-

3OM. EcJIM ,ll;OJIR KOCTHOro pereHepaTa B rreptt¢epM

qecKOM 30He B o6eMX rpyrrrrax 6bIJia COITOCTaBMMa , TO 

Pi-tc. 4. r11cTOTOrrorpaMMbI ,n;ecpeK

T0B TeMeHHhlX KOCTeJ.1 Kp0JIMK0B 

KOHTpOJibHOJ.1 (a, 6) J,1 3Kcrrep11MeH

TaJibHOJ.1 (B, 2) rpyrrrr qepe3 60 cyT 

IT0CJie J1MITJiaHTau;1111. OKpaKa reMa

T0KCJ1JII1H0M 11 30311H0M. 

YB.: a, B x40 ; 6, 2 x 250. 
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30 CyT 60 CYT 90 cyT 

P uc. 5. ,Uom=r ( B %) KOCTH Or o p e reHepaTa B :u;e H TpaJib HO:W 

t.IaCTli1 KOCTHbIX .n;ecpeKTOB Ha pa3 HbIX cpoKax TIOCJie li1MTI 

JiaHTa:u;li11i1 li1CCJie.n;yeMbIX Ma Te pli1aJIOB. 

B u;eHTpaJibHOM 30H e pa3 JIJ11.{J1H, o c o6eHHO H a paHHMX 

cpoKax Ha6JIIo,r:i;eH MH , 6 bIJIJ1 CTa TJ1CTJ11.{e CKJ1 3Hal.{J1Mbl. 

Ha cpoKe B 60 cyT B CJiy-qae J1CITOJib30BaHMH r e H-a K

TMBMpOBaHHOr O MaTep MaJia ITOKa3a TeJib rrpeBbIIllaJI 

TaKOBOM B rpyrrrre c QKcp B 5,3 pa3a. Ilpr1 8TOM K 

cpoKy B 90 cyT ,[I;OJIH KOCTHOro p e r e H e p aTa B u;e H T pe 

,z::i;ecpeKTa B 06er1x r p y rrrrax rrpaKTJ1-q ecKJ1 B bipaBHMBa

Jiacb (pMC. 5 ). 

OBCYm ,UEHME 

OcHOBY 6r10Jior r1 -q e cKo ro ,n;eticTB MH reH - aKTMB Mp o 

BaHHbIX OCTeOrrJiaCT J11.{eCKJ1X MaTepMaJIOB 06ecrre -qJ1-

BaIOT reHHb ie K OHCT P Y KD;MM , B XO,D;H I.lI;Me B MX COCT aB 

(9 - 11]. 3a 6oJiee -qe M 10 JieT p a3p a60 TOK B ,z::i;aHHOM 

o6JiaCTJ1 KOJIMl.{e CT B O MCCJie,n;yeMbIX r e HHbIX KOH CTpyK

Ll;MM C y-qeTOM Bapr1au;r1i1 B eKTOp OB (BMP YCHbie J1 H e 

BMPYCHbie) M T paHcreHOB rrpeBbICMJIO 60. Bb16op me 
rrJia3MM,n;Hoi1 ,UHK c reHOM vegf - ,z::i; ei1cTB y IOw;e ro 

B ew;ecTBa JieKapcTBeHHoro rrp e rra p aTa « H eoB a cKy JI

reH » , 6bIJI rrpo,r:i;MKTOBaH, C O,ll;H OM CTOp OHbI , ,ll;OKa3aH

H OJ1 6e3orraCH OCTbIO J1 aHr Mor e HHOM a K T MBHOCTbIO , a C 

,n;py r oi1 - ITO,D;TB e pm,n;eHHbIM J1H,r:i;y u;r1 pyIOI.1I;J1M BJIJ1H

H J1 e M a HrMor e H e3a Ha o6pa 30BaHMe K OCTHOM TKaHM. 

PH,n; aBTOp OB paHee y me J1CITOJib 30BaJIJ1 aHaJIOfJ11.{Hbie 

reHHb ie KOHCTPY KD;MM , H O C ,n;pyrMMJ1 H OCMTeJIHMJ1 

( K OJIJiareH J1 ~ - TpMKaJibD;MH cpoccpa T) ,[I;JIH C03,D;aHJ1H 

reH - aKTMB MpOB aHHbIX M a TepMaJIOB , KOTOpbie ITOKa3a -

JIM B MHhlX o p TOTOITJ11.{eCKJ1X M O,D;eJibHhlX CMCTeMax 

ITOJIOmMTeJibHOe Ha perra pa TJ1BHbIJ1 OCTeOrMCTOreHe3 

BJIJ1HHJ1e [12 , 13]. 
B K a-qecT Be H OCMTeJIH ,n;JIH reHHbIX KOHCTPYKD;MM 

HaMM 6 bIJI BbI6paH H OBbIM KaJibD;MMcpoccpaTHbIM MaTe

pMaJI - QKcp, TaK KaK B pH,n;e J1CCJie,D;OBaHJ1J1 yme 

6 b IJia rro Ka3aHa crroco6HocTb ,z::i;aHHoro Ma TepMaJia orr

TMMM3 MpoBa Tb perra pa TMBHYIO pereHepau;MIO KOC THOM 

TKaHM [ 7 , 14], a TaKme 3aperMCTpMpOBaH rrpOTOKOJI 

KJIJ1HJ11.{eCKOI'O MCCJie,n;oBaHMH QKcp B paMKax CTOMa

T OJI0I'J11.{eCKJ1X rroKa3aHMM (NCT02155764) [15]. ,UaH

Hbie , ITOJiyl.{eHHbie HaMM B KOHTpOJibHOM rpyrrrre, rro,n;

TBep,n;MJIJ1 HaJIJ11.{J1e y QKcp BbipameHHbIX 0CTe0KOH

,n;yKTMBHbIX CBOMCTB, 06ecrre-qJ1BillJ1X cpopMMpOBaHMe 

K0CTHoro pereHepa Ta Ha BCeM rrpoT H:>KeHMM ,n;ecpeKTa 
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-qepe3 90 cyT ITOCJie J1MITJiaHTaD;MJ1 MaTepMaJia. Be3 

J1CITOJib30BaHJ1H KaKJ1X-JIJ160 Ma TepMaJIOB ,n;o 80% IIJIO

w;a,z::i;M ,z::i;ecpeKTa TeMeHHOM KOCTM Kp0JIMKa C MCXO,D;

HbIM ,n;MaMeTpOM 10 MM OCTaeTCH 3aITOJIHeHHbIM TOJib

KO PBCT [8 , 15]. rpaHyJibI QKcp 6bIJIJ1 TeCHO CBH3aHbI 

C cpopMMpyrow;eMCH KOCTHOM TKaHbIO 6e3 o6pa30Ba

HJ1H BOKpyr HMX coe,n;MHMTeJibHOTKaHHOM Karrcy JibI , a 

pereHepa T pacrrpocTpaHHJICH OT rrepr1cpepr1r1 K u;eHT

py B BM,n;e «MOCTMKOB » ' coe,n;MHHIOI.1I;J1X coce,n;HMe rpa

HYJibI MaTepr1aJia. KpoMe Toro, HaJir1-qr1e y-qacTKOB 

HOB006pa30BaHHOJ1 KOCTHOM TKaHM BOKpyr e,n;MHJ11.{

HbIX rpaHy JI O Kcp B u;eHTpaJibHOM -qacTM ,n;ecpeKTOB 

MomeT CBM,D;eTeJibCTBOBaTb O HeKOTOpOM OCTeOMH,n;yK

TMBHOM ,z::i;ei1CTBJ1J1 Ma TepMaJia. 

O,n;HaKO BbipameHHOCTb OCTeOMH,D;YKTMBHbIX 

CBOMCTB QKcp He,n;ocTaTOl.{Ha ,ll;JIH cyw;ecTBeHHOro yc

KopeHMH J1 ITOBbIIlleHMH aKTJ1BHOCTJ1 perra pa TMBHOI'O 

OCTeorMCTOreHe3a. B 8TOJ1 CBH3J1 yme rrpe,n;rrpMHMMa

JIMCb ITOITbITKM Ha,n;eJIMTb ero TaKMMJ1 CBOMCTBaMM 3a 

c-qeT COBMew;eHMH C MY JibTJ1ITOTeHTHbIMJ1 Me3eHXJ1-

MaJibHbIMJ1 CTp0MaJibHbIMM KJieTKaMM , T.e . B COCTaBe 

aJibTepHa TMBHOro Ba pMaHTa aKTMBMpOBaHHOro Ma Te

pMaJia - TKaHeMHmeHepHoro. HecMoTpH Ha ycrrew

Hbie pe3yJibTaTbI MCCJie,n;oBaHMH in vitro J1 in vivo, B 

reTepOTOITJ11.{eCKJ1X ycJIOBMHX KOCTHbIM pereHepa T He 

cpopMMpOBaJICH [ 16]. 

B HaCTOHI.lI;eM J1CCJie,n;oBaHMJ1 reH-aKTMBMpOBaHHbIM 

MaTepr1aJI M3 OKcp M rrJia3MM,n;Hoi1 ,UHK c reHOM vegf 
rrpo,n;eMOHCTpMpOBaJI ,n;Be BamHbie oco6eHHOCTJ1, BbI

r o ,n;HO OT JIJ11.{aIOw;Me ero OT QKcp 6e3 6MOJIOfJ11.{eCKJ1 

aKTMBHbIX KOMITOHeHTOB. IIepBaH 3aKJIIOl.{aeTCH B BbI

pameHHOM OCTeOMH,n;yKD;MM , ITO,D;TBepm,n;eHMeM KOTO

poi1 HBJIHeTCH TOT cpaKT' l.{TO yme Ha paHHMX cpoKax 

Ha6JIIO,D;eHMH rpaHyJibI MaTepMaJia B u;eHTpaJibHOM -qa

CTM ,z::i;ecpeKTa , He CBH3aHHbie C rrepr1cpepr1-qecKJ1M pe

reHepa TOM, 6bIJIJ1 OKpymeHbI HOB006pa30BaHHOJ1 KOCT

HOM TKaHbIO. EcJIM B cJiy-qae QKcp TaKMe y-qacTKM 

6bIJIJ1 e,r:i;MHJ11.{HbI, TO 3Ha l.{J1MO 60JibWee KOJIMl.{eCTBO 

rpaHy JI reH-aKTMBMpOBaHHOro Ma TepMaJia HBJIHJIJ1Cb 

J1CT01.{HJ1KaMM o6pa30BaHMH KOCTHOM TKaHM. BamHo, 

l.{TO aHaJIOfJ11.{HaH OCTeOMH,n;yKD;MH 6bIJia IT0Ka3aHa B 

TOM me MO,n;eJibHOM CMCTeMe J1 ,D;JIH ,n;pyrr1x Ba pMaHTOB 

reH-aKTMBMpOBaHHbIX Ma TepMaJIOB, COCTOHI.1I;J1X J13 

rrJia3MM,D;HOM ,UHK c reHOM vegf M HOCMTeJiei1 M3 KOJI

JiareHa-rr1,z::i;poKcr1arra TJ1Ta M KceHoreHHoro KOCTHoro 

Ma TpMKCa [ 8 ]. BTopaH oco6eHHOCTb 6MOJIOI'J11.{eCKOro 

,n;eMCTBMH 3aKJIIOl.{aeTCH B 3aceJieHJ1J1 rrpocTpaHCTB 

Mem,n;y Tpa6eKy JiaMM KOCTH0r0 pereHepa Ta r1 rpaHy

JiaMM reH-aKTMBMpOBaHHOro 0CTeorrJiaCTJ11.{eCKOro Ma

TepMJia yme -qepe3 60 cyT rrocJie ero MMrrJiaHTau;r1r1. 

B pe3y JibTa Te Har160Jiee cyw;ecTBeHHaH pa3HMu;a 

B ,n;r1HaMJ1Ke perra pa TMBHoro rrpou;ecca Mem,n;y 8Kcrre

pr1MeHTaJibHOM r1 KOHTpOJibHOM rpyrrrrOM 6bIJia o6Ha

pymeHa Ha cpoKe 60 cyT. ,UoJIH KOCTHoro pereHepaTa 

ITOCJie J1MITJiaHTaD;MJ1 reH-aKTMBMpOBaHHOro OCTeOrrJia

CTJ11.{eCKOrO Ma TepMaJia 6bIJia cyw;ecTBeHHO BbIWe 

rrpe:>K,n;e BCero 3a c-qeT o6pa30BaHMH KOCTHOM TKam1 B 

u;eHTpaJibHOM -qacTM ,n;ecpeKTa. (paKTJ11.{eCKJ1 rJ1CT0JI0-

rr1-qecKaH KapTMHa B 8KCrrepMMeHTaJibHOM rpyrrrre -qe

pe3 60 cyT ITOCJie orrepau;MM 6bIJia C0IT0CTaBMMa C Ta-
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KOBOJ1 B K0HTpGJie Ha cpoKe 90 cyT. MHbIMM CJI0BaMM, 

0CTe0MH,D;YKTMBH0e ,n;ei1CTBMe reH-aKTMBMp0BaHH0r0 

MaTepMaJia I103BOJIJ1JIO cy~eCTBeHHO ycKOpMTb perra

pa TJ1BHbIJ1 OCTeOrJ1CToreHe3. 

XoTH rrpM3HaKJ1 6v10,n;erpa,n;au;v1v1 MaTepv1aJI0B BbI

HBJIHJIMCb y:me C 30 cyT, B 06ev1x 8KCrrepv1MeHTaJib

HbIX rpyrrrrax rpaHyJibI coxpaHHJIMCb Ha BCeM rrp0TH

:meHMM K0CTH0ro ,n;ecpeKTa BITJI0Tb ,n;o Kpai1Hero cpoKa 

Ha6mo,n;eHMH. IIpv1 8T0M, ou;eHMBaH KMHeTMKY perra

paTMBHoro OCTeOrMCTOreHe3a, MO:>KHO c,n;eJiaTb BbIBO,D;, 

qTo CK0p0CTb 6v1ope3op6u;v1v1 MaTepMaJI0B 6bIJia cy

~eCTBeHH0 HM:>Ke CK0p0CTM cpopMMpOBaHMH K0CTH0ro 

pereHepa Ta. B CBH3J1 C aCMHXpOHHOCTbIO yKa3aHHbIX 

rrpou;eccoB rpaHyJibI OK<P 6bIJIM «J1HKpycTv1poBaHbI » 

B HOB006pa30BaHHYIO K0CTHYIO TKaHb, Bep0HTH0, rrpe

ITHTCTBY H ,z:i;aJibHei1wei1 K0HC0JIJ1,D;au;v1v1 ,n;ecpeKTOB. 

BbIHBJieHHbie ,n;aHHbie Tpe6yIOT ,n;aJibHei1wei1 ,n;eTaJIJ1-

3au;v1v1 C J1CIT0Jib30BaHMeM 60.Jiee ,D;JIMTeJibHbIX cp0K0B 

Ha6JIIO,D;eHMH J1 MeT0,D;0B, I103B0JIHIO~J1X T0qHee ou;e

HJ1Tb rrpou;ecc 6v10,n;erpa,n;au;v1v1 Ma Tepv1a.JI0B. 

yqJ1TbIBaH MCXO,l];HO BbICOKyIO ITJIOTHOCTb 0K<P, 
rrpeBb1rua10~y10 1800 HU, v1 ,n;Jiv1TeJibH0CTb 6v10,n;e

rpa,n;au;v1v1 Ma TepMaJia B BbI6paHHOJ1 MO,D;eJibHOJ1 CMC

TeMe, C IT0M0~bIO KOMI1bIOTepHOJ1 TOMOrpacpMM He y,n;a

JI0Cb o6'beKTJ1BHO ou;eHMTb ,D;MHaMMKY perrapaTMBH0ro 

rrpou;ecca. O,n;HaKO ,n;aHHbIJ1 MeT0,D; MCCJie,D;0BaHMH rro-

3 B0.JIMJI ocy~eCTBJIHTb KOHTpOJib KOJIJ1qecTBa MMITJiaH

TMpOBaHHOrO MaTepMaJia, paBeHCTBa pa3MepoB ,n;e

cpeKTOB, a TaK:me, B orrpe,n;eJieHHOJ1 CTerreHM, ou;eHM

BaTb KMHeTMKY 6v10,n;erpa,n;au;v1v1 MaTepMaJia J1 Kaqe

CTBeHHbIX M3MeHeHMi1 cTpyKTYPbI pereHepa Ta. 

3aKJI1oqeH11e. Pa3pa6oTaHHbIJ1 reH-aKTJ1BMp0BaH

HbIJ1 Ma Tep Ma.JI 06ecrreqv1BaeT ycKopeHMe J1 IT0Bbillie

HMe J1HTeHCJ.1BH0CTJ1 perra pa TMBH0ro 0CTe0rMCT0reHe-

3a ,n;a:me B cJiyqae BOCITOJIHeHMH KOCTHbIX ,n;ecpeKTOB 

KpMTJ1qecKJ1X pa3MepoB. O,n;HaKO, HeCM0TpH Ha BbIHB

JieHH0e BJIMHHMe reH-aKTMBMp0BaHH0r0 Ma TepMaJia Ha 

o 6pa30BaHMe KOCTHOJ1 TKaHM, Tpe6yIOT ,n;eTaJibH0ro 

v13yqeHJ1H cpyH,n;aMeHTaJibHbie BOITpOCbI, KacaIO~MeCH 

e ro MexaHM3Ma ,z:i;ei1:CTBJ1H, KMHeTMKM BbICB06o:m,n;eHMH 

r e HHbIX KOHCTpyKu;v1i1 M3 cTpyKTYPbI H0CMTeJIH, 8cp

cp eKTMBHOCTM TpaHccpeKLI;MM J1 ,D;JIJ1TeJibHOCTJ1 8KCIT

p eccMM TeparreBTv1qecKoro 6eJIKa. OTqacTM 0TBeTbI Ha 

IT0CTaBJieHHbie B0rrp0CbI y:me 6bIJIJ1 IT0JiyqeHbI B xo,n;e 

J1CCJie,D;OBaHMJ1 ,z:i;pyrv1x Bapv1aHT0B reH-aKTMBMp0BaH

HbIX MaTepMaJIOB, qTO B coqeTaHMM C I10,D;TBep:m,n;eH

H OJ1 6e3orracHOCTblO I103B0JIJ1JI0 rrepei1TM K CTa,D;MM 

K.TIJ1HJ1qecKMX J1CCJie,n;oBaHMJ1. 
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BHHMAHJflO ABTOPOB! 

Ilp11 HarrpaBneHJ1 J1 CTaTeM B peAaK~J1IO rrpOCJ1M o6paw;aTb oco6oe BHJ1MaHJ1e Ha rrpaBMnbHOCTb 
rrpeACTaBneHM.H MaTep11ana. 

B116n11orpacpw1ecK11e crr11cK11 cocTaBn.HIOTC.H c y qeTOM «EAMHbIX Tpe60BaHJ1M K pyKorr11c.HM, rrpeA
cTaBn.HeMbIM B 6110MeAJ1~J1HCKJ1e mypHanbI» MemAyHapOAHOro KOMMTeTa peAaKTOpOB MeAJ1~J1HCKJ1X 
mypHanoB (U n i form Requirements for Manuscripts Submitted to Biomedical Journals). IlpaBMnbHOe 
OITJ1CaH J1e J1CITOnb3y eMbIX J1CTOqHJ1KOB B CITJ1CKax nMTepaTypbI .HBn.HeTC.H 3anoroM Toro, qTo ~J1TMpyeMa.H 

rry6n11Ka~J1.H 6yAeT y qTeHa rrp11 o~eHKe Hay qHOM Ae.HTenbHOCTJ1 ee aBTOpOB J1 opraHJ13a~l1M, fAe OHM 

pa6oTaIOT. 
B op11rJ1HanbHbIX CTaTb.HX AOITYCKaeTC.H ~J1TI1pOBaTb He 6onee 30 J1CTOqHJ1KOB, B o63opax nMTepaTy

pbI - He 6onee 60 , B neK~M.HX 11 Apyr11x MaTep11anax - ~o 15. B116n11orpacp11.H AOn:>frna co~epmaTb 
ITOMMMO ocHOBorronara10w;11x pa6oT, rry6n11Ka~1111 3a rrocneAHMe 5 neT. B crr11cKe n11Tepa TYPbI Bee pa6o
TbI rrepeq11cn.HIOTC.H B ITOP.HAKe ~J1TI1pOBaHJ1.H. B116n11orpacp11qecKJ1e CCbWKJ1 B TeKCTe CTa TbJ1 AaIOTC.H B 
KBa~pa THbIX CK06Kax. CcbWKJ1 Ha Heorry6nJ1KOBaHHbie pa60Tbl He ~orrycKaIOTC.H 

B 116n11orpacp11qecKoe orr11caH11e KHJ1r11 (rrocne ee Ha3BaH11.H) : ropOA (rAe 113~aHa); rrocne ABOeToq11.H 
Ha3BaHJ1e J13~aTenbCTBa ; rrocne TOqKJ1 C 3aIT.HTOM fOA J13AaHJ1.H. Ecn11 CCbWKa AaeTC.H Ha rnaBy KHJ1rJ1: 

aBTOpbr; Ha3BaHJ1e rnaBbI ; rrocne TOqKJ1 CTaBJ1TC.H «B KH.: » J1nJ1 «In: » J1 cpaMJ1nJ1.H(J1) aBTOpa( OB) J1nJ1 
pe~aKTOpa(oB), 3aTeM Ha3BaHJ1e KHJ1fJ1 J1 BbIXOAHbie AaHHbie. 

B 116n11orpacp11qeCKOe OITJ1CaHJ1e CTaTbJ1 J13 mypHana: aBTOp(br); Ha3BaHJ1e CTaTbM; Ha3BaHJ1e mypHa
na; roA; rrocne TOqKJ1 C 3arr.HTOM HOMep mypHana (An.H J1HOCTpaHHbIX mypHanoB TOM, B CK06Kax HOMep 
mypHana), rrocne ~BOeToqJ1,H ~I1cppb1 rrepBOM J1 rrocne~HeM CTpaHJ1~. Ilpl1 aBTOpCKOM KOnneKTJ1Be AO 6 
qenoBeK BKnIOqJ1TenbHO yrrOMJ1HaIOTC.H Bee, rrp11 6onbllIJ1X aBTOpCKJ1X KonneKTJ1Bax- 6 rrepBbIX aBTOpOB 
« J1 ~p. » , B J1HOCTpaHHbIX « et al. » ); ecn11 B KaqecTBe aBTOpOB KHJ1f BblCTYilaIOT peAaKTOpbI, rrocne cpaMJ1-

nJ1J1 cne~yeT CTaBJ1Tb «pe~.», B J1HOCTpaHHbIX «ed. » 
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