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HA1IAJihHhIE 3TAIIhl )1J1:CTPAKUMOHHOfO OCTEOfEHE3A 

C.II. MupoHoB, H.II. 0MeflbflHeHKO, H.H. Kapnoe, A.B. HeaHoB, A.B. Xilbtcmoea 

<PfEY «UettTpaJihHhIM ttayqtto-11ccJ1e,n;oBaTeJ1hCK11:i1 11HCTJ1TYT TpaBMaToJ1or1111 11 opTorre,z::i;1111 11M. H.H. IIp11opoBa » 
M11tt3,z::i;paBa Pocc1111, MocKBa, Pct> 

B cmambe npoeeaeH QHQJlU3 aaHHblX JlUmepamypbt, nOC8fl,ut,eHHblX UCCJleaoeaHUIO aucmpaKU,U
OHH020 ocmeo2eHe1a. Co2J1acHo coepeMeHHbtM npeacmaeJl eHURM o MexaHU3Max penapamueHou 
pe2eHepau,uu npu aucmpaKu,uoHHOM ocmeocuHme1e ocHOBHbtMU rjJaKmopaMu, 1anycKa10ut,uMu 
penapamUBHYIO pe2eHepau,u10, fl,8Jlfl,IOmCfl UCKyccmeeHHO co1aaeaeMblU mKaHeBOU <<ae{jJµu,um>> 
U 803aeucmeue HanpR:>ICeHUfl, paCmR:>ICeHUfl, HQ cocyaucmy,o cemb, C{jJOpMUp08Q8UlYIOCfl 8 JlQ
meHmHblU nepuoa. JlOCJleaoeameJl bHOe JlOKQJl bHOe 803aeucmeue {jJaKmOp08 pocma U apy2UX 
nenmuaHbtX pe2yJ1Rmopoe 06ecne11ueaem aocmamoitHbtU ypoeeHb penapamueH020 ocmeo2eHe1a 
e meiteHue ece20 nepuoaa aucmpaKu,uu. O6beM u Kaitecmeo Hoeoo6pa1oeaHHou KocmHou mKa
HU 1aeucRm om npocmpaHcmeeHHo-epeMeHHbtX xapaKmepucmuK aucmpaKu,uu u pe1epeHbtX 
803MO:>ICHOCmeu KOHKpemHO20 UHaueuayyMa. 

K JI IO '-I e B bl e C JI OB a : )lHCTpaKUIDI , KOCTb , OCTeOHHJJ:YKUI151 , OCTeOKOH)lYKUI151 , OCTeo

reHe3, perrapaTHBHa5I pereHepaI..I,M51 , <paKTOpbl pocTa , OCTeo6JiaCThl , XOH,UpOUMThl , HeoaH

r11oreHe3. 
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Analysis of literature data dedicated to the study of distraction osteosynthesis is presented. In 
accordance with the ideas of the mechanisms of reparative regeneration in distraction osteosyn
thesis, the main factors responsible for the triggering of reparative regeneration are artificially 
created tissue "deficit" and tension-stress effect on the vascular network that was formed during 
the latent period. Consecutive local effect of growth factors and other peptide regulators provides 
sufficient level of reparative osteogenesis within the whole distraction period. The volume and 
quality of newly f ormed bone tissue depend upon the spatial and temporal characteristics of 
distraction as well as on the potentialities of concrete individual. 
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P eITapaTJ1BHbIJ1 OCT eor e H e3 - CJIO:>KHbIJ1 , MHOfO

CTa,[J;J1J1HbIJ1 ITp ou ecc , coITpoBo:>K,z::i;aror..uv1:ticR o6pa30Ba

HJ1eM B 3OHe p ereHepauv1v1 CTPYKTYP pa3Jiw-rno:ti TKa

HeBo:ti ITpv1Ha,n;Jie:>KHOCTJ1, 06ecITeqv1Baror..uv1:ti ITyTeM 

8TaITH Of O p e M o ,r:i;eJIJ1p OBaHJ1R o praHOCIT e UJ1Q)J1qecKoe 

BOCCTaHOBJieHJ1e ITOBpe:>K,n;eHHOJ1 KOCTJ1. IlocJie,r:i;oBa

TeJibHaR reHepaUMR TKaHeBbIX KOMITOHeHTOB KJieTKa

MJ1 pa3JIJ1qHbIX ITOITY JIRUJ1J1 B 3OHe peITa pauv1v1 ITpoxo

,n;v1T ITO,D; B03,n;e:tiCTBJ1eM J13MeHRIOI.IJ;erocR MJ1KpOOKpy

:>KeHJ1R J,1 yITpaBJIReTCR MHOroqJ1cJieHHbIMJ1 Q)aKTOpa

MJ,1 p ocTa . 

3Ha qv1TeJibHaR qaCTb J1CCJie,r:i;oBaHJ1J1 B MMpe, J1Me

IOI.IJ;J1X ueJib r Jiy6oKoro v13yqeHJ1R MexaHJ13MOB peITa

pa TJ1BHoro ocTeoreHe3a , ITpoBo,n;v1TCR Ha ITpv1Mepe ,z::i;v1-

cTpaKUMOHHoro OCTeoreHe3a. MccJie,n;oBaHJ1IO B 8TOM 

cJiyqae ITO,r:i;BepraIOTCR ITpeITapaTbI pereHepaToB, ITo

JiyqeHHbie ITPJ1 ,[J;J1CTpaKUI1OHHO-KOMITpeccMOHHOM CITO

co6e 3a:>KJ1BJieHJ1R KOCTHbIX ITOBpe:>K,n;em1:ti , ITpe,n;JIO

:>KeHHOM f.A. J1JIJ13apOBbIM [1-4]. 
MccJie,n;oBaHJ1e peITapaTMBHOJ1 KOCTHOJ1 pereHe

paur1r1 Ha ,lJ;l1CTpaKUJ1OHHOM pereHepaTe ITO3BOJIReT 
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v13yqr1Tb MexaHJ13M 6J10JIOfJ1qecKoro OTBeTa ITOBpe:>K

,n;eHHOfO cerMeHTa KOCTJ1 Ha ITPMJIOJKeHHYIO oceByIO 

Harpy3KY (paCTR:>KeHJ1e ). IIocpe,n;cTBOM MeTo,n;a ,[J;J1C

TpaKUJ1OHHOfO OCTeOCJ1HTe3a y,n;aeTCR pacITpe,n;eJIMTb 

B ITpocTpaHCTBe r1 Bo BpeMeHM cTpyKTYPHhle 8.Jie

MeHTbI BHOBb o6pa30BaHHOJ1 KOCTHOJ1 TKaHJ1 ITO CTe

ITeHJ1 MX 3peJIOCTJ1, 8TaITaM cpopMI1pOBaHMR B ITpe,n;e

Jiax o,n;Horo KOCTHoro pereHepaTa [5]. MopcpoJiorv1-

qecKv1 B ueHTpe ,lJ;J1CTpaKUI1OHHOfO pereHepaTa BJ1-

3yaJIJ13J1pyeTCR coe,n;J1HJ1TeJibHOTKaHHaR poCTKOBaR 

3OHa [ 6], peHTreHOJIOfJ1qecKJ1 ( ITO ITJIOTHOCTM) ee OIT

pe,n;eJIRIOT KaK J1HTep3OHY [ 7]. Ha ee OCHOBe cpopMM

PYIOTCR BbITRHYTbre ITepBr1qHbre KOCTHbre 6aJIKM, M3 

KOTOpbIX 06pa3yeTCR peTMKY JIOq:>J16p03HaR KOCTHaR 

TKaHb, CO3peBamr..uaR ITO HaITpaBJieHMIO K pacxo,n;R

I.IJ;J1MCR OT JIOMKaM, peHTreHOJIOfJ1qeCKJ1 OHJ1 OITpe,n;e

JIRIOTCR KaK 3OHbl peMo,n;eJIMpOBaHMR l1 CKJiepo3a [ 7 ]. 
Bbr,n;eJIRIOT HeCKOJibKO TJ1ITOB pereHepaTOpHOJ1 OCCJ1-

cpr1KaUJ1I1: 8H,lJ;OXOH,n;paJibHYIO, TpaHCXOH,n;paJibHYIO 

J,1 J1HTpaMeM6paH03HYIO [ 8' 9]. B Ha qaJibHOJ1 CTa,lJ;l1J1 

(B JiaTeHTHOM ITepr1O,n;e ,n;o ,lJ;l1CTpaKUJ1J1 J1 B HaqaJie ee) 
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B 06.rracn1 OCTeOTOMJ1J1 MMeeT MeCTO 8H,Zl;OXOH,n;pa.rrb

Ha.ff 
1
0CCJ1Cf)MKau;MR, TaK .me, KaK M ITPM o6hFIHOM ITe

pe.rroMe, B ITpOMe.myT0"9:HOM - TpaHCXOH,n;paJibHaR, 

B 60.rree IT03,n;HeM ITepMo,n;e ITpeBa.rrMpyeT MHTpaMeM-

6paH03HaR [2-4, 8-18]. TepMMH «TpaHCXOH,n;pa.rrb

Ha.ff occMcpMKau;MR » ITpe,n;.rro.meH N. Yasui M coaBT. 

[19] ITO pe3yJihTaTaM 8KCITepMMeHTa Ha KpOJIMKax 

C J1CITOJib30BaHMeM ,Zl;J1CTpaKu;MOHHOJ1 Mo,n;eJIM [ 2 0]: 
B 06.rracTM ITepexo,n;HhIX 30H KOCTh - xpm.u; oITpe,n;e

JIRJIMCh XOH,n;pou;MTOITO,n;06Hbie KJieTKM, CJ1HTe3Mpy

!O~Me Ko.rr.rrareH I M II TMITa o,n;HoBpeMeHHO. CMHTe3 

Ko.rr.rrareHa ,n;Byx TMITOB ITpoxo,n;M.rr B 06.rracTM ITepe

xo,n;HhIX coe,n;MHMTeJibHbIX TKaHeM, KJiaCCJ1Cf)J1Ll;MpO

BaHHbIX KaK XOH,Zl;pOM,n;HaR KOCTb, MMe!O~aR aBaCKy

JIRpHbIM (,n;Mcpcpy3HbIJ1) TMIT ITJ1TaHJ1R J1 o6Ha py.mM

BaeMa.ff HeITocpe,n;CTBeHHO y KOHLl;OB KOCTeM ITOCJie 

OCTeOTOMJ1J1. 

Mopcpo.rrorJ1-qecKJ1 B paHHeM ITepMo,n;e B 30He poc

Ta BbIRBJI.ffI-OTC.ff HeOpMeHTMpOBaHHhie ITY"9:KJ1 KOJIJia

reHOBbIX cpI16pMJIJI, ITPOJIMcpepMpym~Me M ,Zl;Mcpcpe

peHu;Mpy!O~MeC.ff OCTeo6.rraCTbI, CJ1HTe3Mpym~Me oc

TeOM,Zl; OKOJIO ITY"9:KOB KOJIJiareH0BbIX BOJIOKOH pbIX

JIOM BOJIOKHJ1CTOJ1 TKaHM [21]. TaK.me OITpe,n;eJI.ff!OTC.ff 

cocy,n;MCTbie CMHYCbI J1 cocy,n;hI, ,Zl;OCTJ1ram~J1e B ,Zl;M

aMeTpe 150-200 MKM [ 18]. IIoc.rre ITpM.rro.meHMR pac

TRrMBam~ei1: CMJibI (,n;MCTpaKu;MM) KOCTHbIM pereHe

pa T opMeHTMpyeTC.ff B,Zl;OJib BeKTOpa ITPMJIO.tKeHHOM 

CMJibI paCTR.tKeHM.ff , YTOJI~aRCb J1 ,Zl;OCTMraR B ,Zl;JIMHY 

4 MM. K.rreTKJ1 B 30He ,Zl;MCTpaKu;MM xa paKTepM3Y!OT

C.ff BbICOKMM ypoBHeM ITpo,n;yKD;J1J1 ~eJI0"9:HOJ1 cpoc

cpaTa3bI, ITI1pOBJ1HOrpa,n;HOJ1 J1 MOJI0"9:HOJ1 KMCJIOT, 8H-

3J1MOB OKJ1CJIJ1TeJihHO-BOCCTaHOBJ1TeJihHbIX peaKD;MM, 

"9:TO CBM,Zl;eTeJihCTByeT O BbICOKOM ypoBHe aKTJ1BHOC

TJ1 [ 4]. IlpM OCTaHOBKe ,Zl;MCTpaKu;MM y-qacTOK pereHe

pa Ta B MecTe OCTeOTOMJ1J1 J1 Ha npOTR.tKeHJ1J1 ,Zl;MCT

paKu;MOHHOfO y,n;JIMHeHM.ff OCCJ1Cf)J1Ll;MpyeTC.ff. Y"9:aCT

KJ1 HOB006pa30BaHHOJ1 KOCTJ1 coe,n;MHR!OTC.ff J1 peM0-

,n;eJIMPY!OTC.ff B 6.rrM3KOM cooTBeTCTBMM c MMKpo- M 

MaKpOCTPYKTypoi1: HOpMaJibHOM KOCTJ1 [10, 12, 13]. 
YBeJIM"9:eHMe o6neMa KOCTHOM TKaHM M peMo,n;e.rrMpo

BaHMe ee B 60JihllleM CTeITeHM 0ITpe,n;eJI.ff!OTC.ff C0BMe

CTHOM ,n;eRTeJihHOCTb!O OCTeo6.rraCTOB M OCTeOKJiac

TOB, a He yBeJIM"9:eHMeM aKTJ1BHOCTJ1 0,Zl;HOM J13 ITOITy

JI.ffLl;MM KJI~TOK. TaK, BO MHOfMX MCCJie,n;oBaHM

.ffX [22-27] c ITOMO~b!O MH,Zl;MKaTOpHbIX MeTO,Zl;MK (iH

timidine, proliferating cell nuclear antigen - PCNA, 

bromodeoxyuridine) OTMe"9:eHo 3Ha "9:MTeJihHOe yBe 

JIM"9:eHMe aKTJ1BHOCTJ1 o6eMX KJieT0"9:HbIX JIJ1HJ1J1 BO 

BpeM.ff ,Zl;MCTpaKu;MM. HaM60JiblllJ1J1 pocT KJieT0"9:HOJ1 

aKTJ1BHOCTJ1 OTMe"9:eH B o6.rraCTJ1 ITepexo,n;HhIX 30H -

30Hbl pocTa J1 30Hbl ITepBI1"9:HbIX KOCTHbIX 6a.rroK. He

KOTOpbie aBTOpbI [ 8] Ha3hIBa!OT 8TY ITepexo,n;Hym 

30HY cppOHTOM MJ1HepaJIM3au;MM. IIpM TpaHCMJ1CCJ1-

0HHOJ1 8JieinpOHHOJ1 MI1KpOCKOITJ1J1 [9, 21, 24-26] ITpe

ITa pa TOB MO,n;e.rrei1: ,Zl;J1CTpaKD;J1J1 y pa3JIJ1"9:HbIX 8KCITe

pI1MeHTaJihHbIX .tKMBOTHbIX Bb!RBJI.ff!OTC.ff ,Zl;OCTOBep

Hhie ITpI13HaKM KJieT0"9:HOJ1 ITPOJIMcpepau;MM J1 CJ1HTe

TJ1"9:eCKOJ1 aKTJ1BHOCTJ1 (rMITepTpO(f)M.ff MMTOXOH,Zl;pMM, 

KOMITJieKca fOJib,Zl;.tKJ1 J1 8H,Zl;OITJia3MaTM"9:eCKOJ1 ceTM). 

B IT03,Zl;HeM ITepMo,n;e ,Zl;MCTpaKu;MM J1 B paHHeM ITepM-
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o,n;e KOHCOJIM,n;au;MM ITpeocTeo6.rracThl, pacITo.rraram

~Mec.H B,Zl;OJib KOCTHbIX 6a.rroK, ,Zl;McpcpepeHu;Mpy!OTC.ff 

B OCTeo6.rraCTbI, a 3a TeM, ITO Mepe MJ1HepaJIJ13au;J1J1, 

CTaHOB.ffTCR OCTeou;MTaMM B JiaKyHax [28]. 
McToqHJ1KOM KOCTeo6pa3y!O~J1X KJieTOK ITPM ,Zl;MC

TpaKu;MOHHOM OCTeOCJ1HTe3e RBJIR!OTCR ITpe,n;llleCTBeH

HJ1KJ1 OCTeo6.rraCTOB ( T.e. KOMMJ1TI1p0BaHHbie KJieTKM 

ITepMOCTa J1 8H,ll;OCTa), CTpOMaJihHhie coe,n;MHMTeJihHO

TKaHHhie KJieTKJ1 KOCTHOfO M03ra - MeCTHbie J1 J13 

KpOBRHoro pyc.rra [21, 29]. IIo MHeHM!O A. Danis [30], 
.rroKaJihHhIMM cpaKTopaMM, CTMMY .rrMpym~MMM Ha qa

.rro ocTeoreHe3a ITPM ,r:i;McTpaKu;MoHHOM pereHepau;MM 

,ll;JIMHHbIX KOCTeM, RBJI.ff!OTC.ff: MexaHJ1qecKoe HaITpR

.meHMe, oITocpe,n;oBaHH0 yBeJIM"9:MBam~ee IT0ITY JIRLJ;MIO 

cpI16po6.rracTOB J13 He,n;McpcpepeHu;MpOBaHHbIX CTp0-

MaJibHbIX KJieT0K, J1 fJ1IT0KCJ1.ff, MH,n;yu;Mpym~aR B 

,n;a.rrhHei1llleM (ITpM peBepce KMc.rropo,z::i;Horo 6a.rraHca B 

yc.rroBMRX HeoaHrMoreHe3a) ocTeoreHe2. 

O6o3Ha qeHHhie JI0KaJihHhie cpaKTOpbI He T0JibK0 

MMeIOT pernam~ee 3HaqeHMe ,n;.rrR Haqa.rra M ITpo,n;o.rr

.meHMR OCTeoreHe3a, HO J1 TeCHO B3aJ1MOCB.ff3aHhI Me.m

,n;y co6oi1:. TOJibKO ITPM oceBOM ,Zl;MCTpaKu;MM B03M0.tKeH 

ITOJIHou;eHHbIM 0CTeoreHe3. HecTa6MJibHOCTb OT JI0MK0B 

K0CTM , BbIC0KaR J1JIJ1 , Hao6opoT, HJ13Ka.ff CK0p0CTb ,Zl;M

CTpaKu;MM J1 ,n;pyrMe MexaHM"9:eCKMe B03,ll;eMCTBMR Ha

pyrna!OT aHrMoreHe3, J13MeHR!OT KJ1CJIOpO,r:i;HhIJ1 6a.rraHC 

M, KaK c.rre,r:i;CTBMe, HeraTMBH0 BJIJ1.ff!OT Ha ITpou;ecc oc 

TeoreHe3a [29]. B 8KCITepMMeHTaJihHbIX MCCJie,n;oBaHM

.ffX D. Carter M coaBT. [31] IT0Ka3aHo, qTo ITPM yMe

peHHOM TeMITe ,ll;J1CTpaKD;J1J1 M,ll;eT ITPRMa.ff J1HTpaMeM-

6paH03Ha.ff OCCJ1Cf)J1Kau;MR; 6e,n;HaR BacKy.rrRpM3au;MR 

ITpOBOLl;MpyeT XOH,r:i;poreHe3 ; BbICOKJ1J1 TeMIT ,Zl;J1CTpaK

U:MJ1 o6yc.rrOBJIJ1BaeT pa3BJ1TJ1e cpI16po3HOJ1 TKaHM B 

pereHepa Te. 

HaJ160Jihlliee 3Ha qeHMe ,ll;JIR ,ll;MCTpaKLl;M0HH0fO oc

TeoreHe3a MMeeT aHrMoreHe3 (B qacTHOCTM, HeoaHrM

oreHe3) [32, 33]. IIo ,n;aHHbIM K0MITJieKCH0f0 J1CCJie,n;o 

BaHJ1R - MMKpoaHrMorpacpMM, J13yqeHJ1R KOpp03J10H

HbIX ITpeITapaT0B cocy,n;MCT0fO pyc.rra, CLl;MHTMrpacpMM , 

perMOHa pHbIM Kp0B0T0K B 30He ,Zl;J1CTpaKLl;J1J1 60.rree qeM 

B 10 pa3 ITpeBbIIllaeT TaKOBOM Ha K0HTpa.rra Tepa.rrh

HOM K0HeqHQCTJ1. O,z::i;HaKO ITPMMepH0 qepe3 16-18 He,n; 

IT0CJie 0CTe0T0MJ1J1 IT0Ka3aTeJIM ITpeBhIIlleHMR o6neM

H0f0 Kp0B0T0Ka CHM.tKa!OTC.ff ,n;o 3 pa3 [ 10]. fMCTOJIO

fJ1qecKJ1 8TOT ITpou;ecc Bbipa.maeTCR B BM,ll;e yBeJIM

qeHH0f0 (ITO cpaBHeHM!O C HOpMOM) K0JIJ1qeCTBa MMK

pococy ,Zl;OB J1 CMHYCOM,ll;HbIX KaITMJIJIRpOB pa3JIJ1qHoro 

,ll;MaMeTpa (,n;o 200 MKM), BbipacTa!O~MX J13 ITepM0C

TaJibHOM J1 8H,ll;OCTaJibHOJ1 30H, opMeHTMpoBaHHbIX 

B,ll;0Jib K0CTHbIX 6a.rroK , HO He BpacTa!O~MX B cpI16po3-

HY!O CeTh u;eHTpaJihHOM peHTreHOITp03paqHOJ1 30Hbl 

[8-10, 13, 14]. B cpI16po3HOJ1 TKaHM BbIRBJIReTCR Ka

ITMJIJIRpHaR ceTh, pacITpocTpaH.ff!O~aRC.ff J1 Ha cppOHT 

ITepBJ1qHQJ1 MJ1HepaJIJ13au;MM. B 8TJ1X 30HaX BhI,n;e.rrR

!OT ,ll;Ba TMITa KaITMJIJIRp0B - CMHYC0M,ll;aJihHbie J1 

TpaHcITopTHhie (TEM) [ 4]. Cacy ,ll;hI M3 ITepMOCTaJihHOM 

J1 3H,ll;OCTaJihHOJ1 30H B KOHu;e ITepMO,ll;a ,ll;J1CTpaKD;J1J1 

06'be,ll;MHR!OTC.ff KaITMJIJIRpaMM qepe3 ITepexo,z::i;Hy!O 

30HY cpM6po3HOM ceTM , o6pa3yR o6~ym cocy,z::i;McTym 

ceTh ,ll;MCTpaKu;M0HH0fO pereHepaTa [28]. 
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C pasBMTMeM cocy,n;MCTOM ceTM B 06.rracTM p er e

HepaTa, HaqMHaH C JiaTeHTHOr O rr e p Mo,n;a M ,D;MCTpaK

I.J;MM, M3M e HHeTCH M MKp OOKpymeH Me OCTeore HHbIX 

KJieTOK. B o3MO:>KHO , M exaH M3M MHMI.J;MaI.J;MM ,n;mpcpe

peHu;Mp OBKM KOMMMTMp OBaHHbIX KJieTOK rr e pMOCTa M 

3H,[J;OCTa M rrpeocTeo6.rraCTOB CBH3aH MMeHHO C pa3 -

BMTMeM coc y ,n;11CTOM ceTM M H e rro cpe ,n;CT BeHHbIM K OH

TaKTOM 3 T MX KJieTOK C KJieT KaM M 3H,D;OT eJIMH ( cell to 

cell Mo,n;y.rrHI.J;MH) [2 1]. B 3KcrrepMMeHTax c KJieToq

Hoi1 KY JibTyp oM cTpoMaJibHbIX KOCTHOM03r OBbIX K.rre
TOK I10Ka3aHO, qTo rroc.rre B3 a MM O,n;ei1cTBMH C 3 H,D;O

TeJIMeM rryrroBMHHOM BeHbl OHM HaqMHaJIM aKTMBHO 

CMHTe3Mp OBa Tb KOJIJiareH l TMrra M w;e.rroqHyIO cpoc

cpa Tasy [34 ]. HeKOTOpbre MCCJie,D;OBaTeJIM [ 35 , 36] 
rrpMBO,D;HT ,n;aHHbie , CBM,D;eTeJibCTByIOru;Me O TOM , qTo 

3H)J;OTeJIMOI.J;MTbl M rrepMI.J;MTbl M o r yT ,n;Mcpcpepe Hu;M

poBaTbCH B OCTeo6.rraCTbI , T.e. cocy,n;MCTaH ceTb MO

meT Harrp HMY IO yqacTBOBaTb B OCTeoreHe3e, qTo rro,n;

TBepm,n;aeT rrpe,n;rro.rromeHMe, BbrcKasaHHoe paHee 

A.B. P ycaKOBbIM [ 37]. X oTH, CKOpee Bcero, 3TOT rrpo
u;ecc B03M O:>KeH T OJib K O Ha caMbIX paHHMX CTa,D;MHX 

cpopMMpOBaHMH cocy,n;MCTOJ1 ceTM, HaCbiill;eHHOM He

speJibIMM rrepMI.J;MTaMM M rrpe3 H)]; OTeJIM aJibHbIMM 

KJieTKaMM, HaXO,D;Hill;MMMCH B I.J;MpKy JIMp yrow;e i1 Kpo

BM MJIM B MeCTe TpaBMbl [ 38 - 40]. 

H aM60Jiblllee CTMMY JIMpyrow;ee BJIMHHMe Ha ,D;Mcp
cpep eHu;Mp OBKY M rrpo.rrMcpep au;MIO OCTeo6.rraCTOITO,D;06-
HbIX KJieTOK (KJieTOK- rrpe,n;llleCTBeHHMKOB) B MecTe 
)J;MCTpa K I.J;MOHHOrO OCTeore H e3a OKa3bIBaIOT pa3JIMq

Hbie cpaKTOpbl pocTa , yBeJIMqeHMe KOHI.J;eHTpau;MM KO

TOphlX K OHCTaTMPYIOT rrpM MexaHMqecKOM B03,n; e i1-

CTBMM (,n;MCTpaKI.J;MM) B 06.rraCTM OCTeOTOMMM [24 , 25 , 
41 - 43]. H aM6o.rree M3BeCTHbie M MCCJie,D;OBaHHbie M3 

HMX - KOC THbie MOpcpor eHeTMqe cKMe rrpoTeMHbl 

(BMP s), MHcy.rrMHorro,n;o6Hbri1 cpaKTOp p ocTa (IG F) , 

OCHOBHOM cpaKTop pocTa cpM6po6.rracToB (bFGF) , 
TpaHccpopMMpyroru;MM cpaKTop p ocTa -beta (TG F

beta), pocT / ,n;McpcpepeHu;Mpyroru;MM cpaKTop 5 (G DF5 ), 
cocy ,n;MCTbri1 cpaKTop pocTa 3H,D;OTeJIMH (VEG F) , 06-
Ha p y mMBaeMbie B TKaHHX H a pa3HbIX CTa)J;MHX ,D;MCT

paKI.J;MM C ITOMOill;bIO MMMYHOr MCTOXMMMqecKMX MeTO

,[J;OB, cp.rrroopo.rrIOMMHMC I.J;eHTHOJ1 rM6pM,D;M3au;MeM in 

situ, MeTO,D;OM orrpe,n;e.rreHMH y q acTKOB MHcpOpMau;M
OHHOM MaTp MqHoM PHK (n or t h ern blot analysis 
m RNK ). 

Ily Tb , cpo pMa M u;e.rrM B03,n;ei1CTBMH cpaKTOp OB poc

Ta Ha )J;MCTpaKI.J;MOHHbIM OCTeoreHe3 pa3JIMqHbl. TaK, 

HarrpMMep , BMP4, BbIHBJieHHbIM B TKaHHX, yqacTBY

row;Mx B rrpou;ecce ,D;MCTpaKI.J;MM B cpopMMpOBaHMM 

KOCTHOM M030JIM [ 42] , yqacTByeT B HM3KoypOBHeBOJ1 

,D;McpcpepeHu;MpOBKe paHHMX cpopM OCTeoreHHbIX KJie

TOK. B MO,D;e.JIM ,D;MCTpaKI.J;MOHHOro OCTeoreHe3a Ha KpbI

cax - 21 ,n;eHb )J;MCTpaKI.J;MM c 7 - ,n;HeBHbIM .rra TeHTHbIM 

rrepMO)J;OM M 0 ,25-MMJIJIMMeTpOBbIM lllaroM Ka:>K,D;ble 12 

qacoB) B 06.rracTM pereHepa Ta MeTo,n;aMM cp.rrroopo.rrro

MMHMcu;eHTHOM rn6pM,n;Msau;MM in situ M northern blot 

analysis mRNK [ 41] o6Ha pymMBaeTCH 3KcrrpeccMH 

BMP2, BMP4, BMP6, BMP7, GDF5. IlpMqeM BMP2 

M BMP4 BbIHBJIHIOTCH TOJibKO B pereHepaTe B 06.rrac

TM peHTreHorrpospaqHoM 30HbI, a BMP6 M GDF5 -
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MCKJIIOqMTeJibHO B XOH,n;poreHHbIX KJieTKax Ha pa3-

HbIX CTa)J;MHX ,D;McpcpepeHu;MpOBKM B 06.rraCTM o60MX 
KOHI.J;OB KOCTM BO Bpe MH 3H)J;OXOH,n;paJibHOJ1 OCCMcpM

KaI.J;MM. Bo BpeMH ,[J;MCTpaKI.J;MM M, COOTBeTCTBeHHO, rrpM 

MHTpaMeM6paH03HOM occMcpMKaI.J;MM ypoBeHb BMP6 M 
G DF5 CHMmaeTCH, a 3KcrrpeccMH BMP2 M BMP4 ,n;oc
TMraeT HaM60JibllleM Be.rrMqMHbI. O,n;HaKo BMP2 , 

BMP4, BMP6 M G DF5 Ha cTa,n;MM K0HCOJIM,n;au;MM He 

BbIHBJIHIOTCH B 06.rracTM KOCTHOM M030JIM. BMP7 BO
o6w;e He orrpe,n;e.rrHeTCH rrpM ,D;MCTpaKI.J;MM. B pa6oTe 

[ 43] BMP7 , BMP2 M BMP4 o6HapymeHbI rrpM ,D;MCT
paKI.J;MM B rrepMOCTaJibHbIX 30Hax, qTo HaXO)J;MTCH B 

orrpe,n;e.rreHHOM rrpOTMBOpeqMM C npe,D;bl,D;Yll;MM MCCJie

)J;OBaHMeM. 
Pery JIHTOpHbre nerrTM,D;bI TG F -beta M bFG F o6Ha

pymMBaIOTCH B TKaHHX, OKpymarow;Mx 06.rraCTb pere
Hepau;MM, B 60.JiblllMX KOHI.J;eHTpau;MHX rrpM 60.JibllleM 

HarrpHmeHMM paCTH:>KeHMH, B MeHbllleM - B 06.rraCTM 
cpopMMpyrow;eMcH K0CTM [28 , 44-48]. IG F BbIHBJIHeT

CH rrpaKTMqecKM Bes,n;e , HBJIHHCb KaK 3H,D;OKpMHHbIM, 

TaK M ayTOKpMHHbIM cpaKTopoM pocTa. TGF-beta, IGF, 
bFGF M MHTep.rreMKMHbI 1 M 6 (IL-1 , -6) , rro saK.rrroqe

HMIO J. Cillo M coaBT. [ 49], 3KCrrpeccMpyIOTCH rrpM Ha
JIMqMM MexaHMqecKoro I.J;MKJIMqecKoro pacTHmeHMH 

(,n;MCTpaKI.J;MM) , qTo HBJIHeTCH OCH0BHbIM MOMeHT0M, 

sarrycKaIOill;MM KaCKa,n; 6Mopery.JIHI.J;MM 0CTereHe3a, B 
TOM qMc.rre M MMHepaJIM3aI.J;MIO. 

B rrpou;ecce )J;MCTpaKI.J;MM ( TaK me' KaK M B .rra TeHT
HOM rrepMo,n;e) BbIHBJIHeTCH BbipameHHaH 3KCrrpec
CMH VEGF. IlpMqeM orrpe,n;e.rrHeTCH 0THOCMTeJibH0e 

,n;oMMHMpoBaHMe [28] crr.rraMCMHra Bap11aHTOB VEGF
164 

VEGF
188 

VEGF
205 

- 3TO MomeT CBM,n;eTeJibCTB0BaTb 

0 rrpeBaJIMpOBaHMM CTMMYJIHI.J;MM HeoaHrMoreHe3a C 

KaCKa,D;HbIM cyrreppery JIMpOBaHMeM ( 3K30H 8 M 3K-

30H 6). Crr.rraMCMHr vegf MCCJie,n;oBaH Ha MO,D;e.JIM ,D;MC

TpaKI.J;MM y KpbIC , y JIIO,D;eM opTOJIOrM 3TMX 6e.JIKOB 
co,n;epma T Ha 1 aMMHOKMc.rroTy 60.rrhllle. VEG F HB

JIHeTCH CTMMY JIHTOpOM ,D;McpcpepeHu;MpOBKM M pocTa 

3H,D;OTeJIMOI.J;MTOB, rrepMI.J;MTOB , T.e. cpaKTOpOM, o6ec
rreqMBaIOru;MM CTMMY JIHI.J;MIO HeoaHrMoreHesa. MHe

HMe, qTo VEG F MomeT rrpHM0 BJIMHTb Ha ,n;Mcpcpe

peHu;MpOBKY OCTeo6.rracTorro,n;o6HbIX KJieTOK MJIM MX 

rrpo.rrMcpepau;MIO , OlllM6oqHO, TaK KaK ,n;eMCTBMe ero 

cTporo crreu;McpMqHo, a M3MeHeHMe ocTeoreHesa rrpM 

ero B03,D;eMCTBMM CBH3aHbl C M3MeHeHMeM ra30BOro 

6a.rraHca TKaHeM orrocpe,n;oBaHHO qepe3 HeoaHrMore

He3. ,Upyroti rryTb CTMMY JIHI.J;MM VEG F ocTeoreHe3a 

- rrpo.rrMcpepau;MH M ,D;McpcpepeHu;MpOBKa rrepMI.J;MT0B 
B ocTeo6.rracTorro,n;o6Hbre KJieTKM - rrpe,n;cTaB.rrHeT

cH 60.rree BepOHTHbIM [35 , 36]. 

Pery JIHI.J;MH OCTeoreHe3a B yc.rrOBMHX ,D;MCTpaKI.J;MM 

3arrycKaeTCH MexaH06MOJIOrMqecKMM cpaKTOpOM -

HarrpHmeHMeM pacTHmeHMH rry JibCMpyrow;ero xa paK

Tepa. PacTHrMBarow;aH c11.rra, ,n;eMCTByrow;aH Ha MHr

KMe TKaHM, orrpe,n;e.rreHa 3KCrrepMMeHTaJibH0 [3, 4] M 
rro,n;qMHHeTCH rrepMo,n;y M BeJIMqMHe Illar a ( TeMrry) ,D;M

CTpaKI.J;MM, OTJIMqarow;11xcH y pa3HbIX 3KCrrepMMeH

TaJibHbIX :>KMBOTHbIX M JIIO,D;eM. B 3Ha qJ1TeJibHOM KO

JIMqecTBe 3KCrrepMMeHTaJibHhlX MCCJie,n;oBaHMJ1 M 

KJIMHMqecKMX Ha6.rrro,n;eHMM IT0Ka3aHO, qTQ PMTM ,D;MC-
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TpaKQMM [29] M, eOOTBeTeTBeHHO, BeJIMqMHa HarrpH

.tK~HMH (paeTH.tKeHMH) orrpe,z:i;e.JIHIOT xapaKTep ,D;MeT
paKQMOHHOro oeTeoreHe3a [ 45, 50-52]. JlaTeHTHbIM 
rrepMO,D; (~o 7 eyT) xa paKTepM3yeTeH o6brqHbIM Te
qeHMeM HaqaJia oeTeoreHe3a, O,D;HaKO Haqa.JIO ,D;MeT

paKQMM rrepeBO,D;MT ero B cpyHKQMOHaJibHOe HarrpH
meHMe, rrpeBbIWaIOw;ee o6brqHoe B HeeKOJibKO pa3, 
3Ha qMTeJibHO ITOBbIWaeTeH KOJIMqeeTBO He,n;Mcpcpe

peHQMpOBaHHbIX 6.JiaeTHbIX KJieTOK, rrpe,z:i;weeTBeH
HMKOB reMOIT03TWieeKoro M oeTeoreHHOro pH,D;OB [ 2 9]. 
IIoeJie oeTeOTOMMM B Jia TeHTHOM rrepMo,z:i;e KJieTKM B 
3OHe ITOBpem,n;eHMH MeITbITbIBaIOT ,z:i;ecpMQMT KMeJIO

po,D;a , KOTOpbIM BbI3bIBaeT BbI,D;eJieHMe MMM rMITOK

eMH MH,D;YQMpyeMoro cpaKTopa TpaHeKpMrrQMM - HIF 
[53]. IIoeJie,D;HMM B eBOIO oqepe,n;b eTMMYJIMpyeT Bbie
B060.m,n;eHMe VEG F , eooTBeTeTByIOw;ero errJiaMeMH
ra , KOTOpbIM peryJIMpyeT HeoaHrMoreHe3 (T.e. eTM

MY JIMpyeT ,D;McpcpepeHQMaQMIO rrpe,z:i;weeTBeHHMKOB 
rrepMQMTOB M 3H,D;OTeJIMOQMTOB M pa3BMTMe eoey,z:i;Me

TOM eeTM) [54]. Ilo Mepe M3MeHeHMH MMKpOOKpyme
HMH (B 3HaqMTeJibHOJ1 eTerreHM - e,D;BMra ra30BOro 
6aJiaHea) KJieTOK oeTeo6JiaeTHOro pH,z:i;a M MX MaJIO

,D;McpcpepeHQMpoBaHHbIX rrpe,z:i;weeTBeHHMKOB, cpM6-
po6JiaeTorro,z:i;o6HbIX M xpHrn;eBbIX KJieTOK Me.tKOT JIOM
KOBOe rrpoeTpaHeTBO 3aITOJIHHeTeH cpM6p03HOM ee
TbIO, oeTpOBKaMM xpHw;erro,z:i;o6HOJ1 M oeTeOM,D;HOM 
TKaHM. Ee.JIM Ha 3TOM 3Tarre He rrpoMeXO,D;MT rrpMJIO

memrn paeTHfMBaIOrn;eM eMJibI , rrpM eTa6MJibHOJ1 CI)MK
eaQMM OTJIOMKOB HaqHeTeH o6pa30BaHMe KOeTHOM 

M030JIM e rroeJie,n;yIOrn;MM ee peMO,D;eJIMpOBaHMeM B 
ITOJIHOQeHHYIO KOeTb - rrpoQeee KOHTpOJIMpyeTeH 
o603Ha qeHHOM BbIIIle rpyrrrrOM cpaKTOpOB poeTa J,1 pe

ry JIHTOpHbIX rrerrTM,D;OB [24 , 25, 41]. O,n;HaKO, ee.JIM 
HaqaTb ,D;MeTpaKQMIO, HaeTyrraeT BTOpMqHoe ITOBpem

,z:i;eHMe BH0Bb o6pa30BaHHOJ1 eeTM eoey,n;oB , HO oeHO
B0!1 ,D;JIH 3arryeKa rMrreprrpo,z:i;yKQMM TKaHeBbIX KOM

ITOHeHTOB ,D;MeTpaKQMOHHOro pereHepaTa eJiymaT B 
3TOM eJiyqae 3arn;MTHbie cpyHKQMM rrepMQMTOB. B ye

JIOBMHX ,D;MeTpaKQMM M 3arrpe,z:i;eJibHOrO paeTH.tKeHMH 

HOBoo6pa30BaHHOJ1 eoey,z:i;MeTOM eeTM eoe,n;MHMTeJib
HOTKaHHOro pereHepaTa, o6pa3oBaBweroeH B JiaTeHT

HbIM rrepMO,D; , rrepMQMTbI ,D;JIH BbI.tKMBaHMH 3H,D;OTeJIM

OQMTOB eeKpeTMPYIOT 6eJioK KpOBOTOKa Bcl-W, o6ee
rreqMBaIOrn;MM 3KerrpeeeMIO VEGF-A M rro,z:i;aB

JIHIOill;MM arrorrTO3 3H,D;OTeJIMOQMTOB (pery JIHTOpHbie 

6e.JIKM eeMeMeTBa Bel-2: Bcl-W, Bel-XL, Mcl-1 ; aH
TMperyJIHTopaMM 3TMX 6e.JIKOB HBJIHIOTeH p53 M 

TNF-Rl) [55]. TaKMM o6pa30M oeyw;ecTBJIHeTCH co
OTBeTCTByIOrn;aH KMeJiopo,z:i;HaH rro,z:i;,z:i;epmKa oeTeore

He3a M poeT ,D;MeTpaKQMOHHOrO pereHepa Ta. Co Bpe

MeHeM M3-3a MeTorn;eHMH B03MO.tKHOeTeM KJieToqHOM 

aBToperyJIBQMM TeMITbI o6pa30BaHMH HOBOM eocy,z:i;Me
TOM eeTM M He3pe.JIOJ1 KOCTHOM TKaHM eHM.tKaIOTCH. 

3aKJUO'IeHMe. Ha qaJibHbie 3TaITbI ,IJ;MCTpaKQMOHHOro 
oeTeoreHe3a xapaKTepM3YIOTeH rroeJie,D;oBaTeJibHOM 

aKTMBaQMeM Beex 3BeHbeB perra pa TMBHOM pereHepa
QMM. Coe,n;MHMTeJibHOTKaHHaH MaTpMQa, yqacTKM o6-

pa30BaBweMeH peTMKY JIO(pH6po3HOM KOeTHOM TKaHM, 
eocy,D;MeTaH ceTb pa3BMBaIOTeH rrpM ,D;eMeTBMM CMJibI 
paeTH.tKeHMH M rro,z:i; yrrpaBJieHMeM MHOroqMeJieHHbIX 
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cpaKTOpOB poeTa, peryJIBTOpHbIX rrerrTM,D;OB. ,II;JIH pe
rra pa Tli:IBHOM pereHepaQMM rrpM ,D;MeTpaKQMM pewaIO
w;ee 3Ha qem1e MMeeT MeKyeeTBeHHO eo3,z:i;aBaeMbIJ1 

TKaHeBOM «,D;eq)MQMT»' HarrpHmeHMe paeTH.tKeHMB BO
JIOKHMeTOM MaTpMQbI M eoey,z:i;MeTOM eeTM, ecpopMMpO
BaBWMXeH B Jia TeHTHOM rrepMO,D;e. 
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Op2a1-iu3amopbl: 

MMHMCTepcTBO 3,n;paBooxpatteHMH Poccm1cKor1 ct>e,n;epa~MM, ct>I'BY «UMTO MM. H.H. IlpMopoBa » 
MMH3,D;paBa PocCMM , rBOY ,n:rro «PMAIIO» MMH3,D;paBa P ocCMM , ct>I'BY3 UKB PAH, 

Acco~Ma~MH TpaBMaToJioroB-0pTorre,n;oB PocCMM , PoccMMCKoe ApTpocKorrw-1ecKoe O6w;ecTBO 

TEMATUKA KOHI'PECCA: 

1. CoBpeMeHHbie acrreKTbI a pTpOCKOI1MqecKOJ1 XMpyprMM B crropTMBHOJ1 TpaBMa T0JI0fli'IM. 

2. OrrepaTMBHaH M ,D;MarH0CTMqecKaH apTp0CK0IIMH B aM6yJiaTOpHOJ1 TpaBMaT0JI0fli'IIi'I 
li1 0pT0ITe,D;MM. 

3. IlpMMeHeHMe CTB0JI0BbIX KJieT0K li1 C0BpeMeHHbIX 6MOKOMI103Ii'ITHbIX MaTepMaJI0B 
rrpM 6MOJIOrMqecKOJ1 peK0HCTpyK~Ii'IIi'I K0JieHH0ro cycTaBa. 

4. MHHOBa~MOHHbie a PTP0CK0IIMqecKMe TeXH0JI0fli'IIi'I B JieqeHMii'I KpyrrHbIX cycTaB0B. 

5. MHHOBa~MOHHbie TeXH0JI0fli'IIi'I B ,D;MarH0CTMKe li1 JieqeHMii'I I10Bpem,n;eHMJ1 li1 3a6oJieBa
Hli1J1 rrJieqeBoro cycTaBa. 

6. ApTpOCKOIIMqecKMe MeT0,D;Ii'IKii'I rrpM o6cJie,D;OBaHMli1 li1 JieqeHMii'I :rn,n;orrpoTe3MpoBaHHbIX 
cycTaB0B. 

7. MHHOBa~MOHHbie TeXH0JI0fli'IIi'I JieqeHMH I10Bpem,n;eHMJ1 li1 3a6oJieBaHMJ1 cyxom.MJibH0-

MbI11Ieqttoro arrrra pa Ta y crropTcMeH0B. 

8. O6yqeHMe Ii'IHH0Ba~M0HHbIM TeXH0JI0fli'IHM C Ii'ICI10Jib30BaHMeM Ka,n;aBep ~eHTp0B 

CeKpemapuam: 127299, MocKBa, yJI. IlpMopoBa, ,n;. 10, UMTO, 
OpraHM3a~MOHHO-MeTO~MqecKMJ1 0T~eJI. 

TeJI.: 8 (495) 450-45-11 ; 8 (495) 708-80-12; cito-omo@mail.ru 
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