
·BE CT H II K 
" TpaBMaTOJIOflIII 

II oprone~IIII 
HMEHM H.H.ItPHOPOBA 

. ~~: ,,~ 
' 11 

HAyqHO-ITPAKTifCIECKHM )I(YFHAJI 
OCHOBAH B 1994 fOJlY 

1 
aneap&-Mapm 

2015 



UEHTPAJibHbIM 
HAY1-IHO-l1CCJ1E,UOBATEJibCKI111 I1HCTI1TYT 

TPABMATOJIOfJU1 l1 OPTOTIE,Ul1J1 
HM . H.H. TIPHOPOBA 

BECTHHK 
rpaBMaTOJIOfMM 

M oprorre,[(MM 
HMEHH H.H.ITPHOPOBA 

EJJCeKeapmaJZ bHbtu Hay '-tHo-npaKmu11,ecKuu :>1cypHaJZ 

DrnBHhII1 peJJaKTOp c.n. Ml1POHOB 

PE,ll;AKUI10HHA51 KOJIJ1Efl15£: 
A.f. EAl1H,UYPAIIIBl1JII1 , A.B. EAJIEEPKI1H, B.TI . BOJIOIIII1H , 

H.A. ECbKI1H (3aM. rnaBttoro pe,naKTopa) , 11.0. fOJIYEEB , H.B. 3AfOPO,UHl111, 
TI.A. HBAHOB , rM. KABAJIEPCKI111 , B.B. KJIIQqEBCKI111 , 11.C. KOCOB , 

f.TI. KOTEJibHI1KOB , B.H. MEPKYJIOB , JI.K. MHXAI1JIOBA, A.K. MOP030B , 
f.11. HA3APEHKO , A.A. oqKYPEHKO, C.C. PO,UI10HOBA, A.C . CAMKOB , 

A.B. CKOPOfllil,UOB, A.I1 . CHETKOB, P.M. Tl1XJ1JIOB, 
M .E. UbIKYHOB (om. ceKpernpb) , M.B. qEJIIOKAHOBA, H.A. IIIECTEPH51 

1 
flHBGpb-Mapm 

2015 

J1HJJ,eKC 73064 )],JUI 11H)],11B11)],YaJibHbIX CTO)],CTl1Cl.Jl1KOB l1HJJ,eKc 72 153 )lJ[ 5l npeJJ,np11 5lrnvt 11 opraH11Jau 11vt 



PE)];AKIJJ10HHbIH CO BET: 
A.B. fYEHH (Kypratt), C.A. ,l])KYMAEEKOB (E11wKeK) , 

B.ll. 30P51 (MocKBa), f.A. KEC5IH (MocKBa) , 
O.B. KO)KEBHHKOB (MocKBa), H.A. KOP)K (XaphKOB), 
A.l1. KPYITATKHH (MocKBa) , A.<l>. JIA3APEB (MocKBa), 

A.H. MAXCOH (MocKBa), M.M. IIOIIOBA (MocKBa), 
M.A. CA,[(OBOH (HoBocMfatpcK) 

OmeemcmeeHHbtU 3a BbtnycK M.B. JleKuiueuflu 

<<BecrttttK rpaBMaronomtt 11 oprorren1111 HM. H.H. Ilpttoposa>> 
BKJIJO'--IeH B cne,r:1)fJOI.l.U1e 3apy6e)KHbJe KaTaJiorn: 

<<Biological Abstracts>>, <<Index to Dental Literature>>, 
<<Excerpta Medica>>, <<Index Medicus>>, 

<< Ulrich s International Periodicals Directory>> 

A,npec pe,naKUI1I1 )KypttaJia: 

127299, MocKBa 
yn. Ilp11op0Ba, 10, UMTO 

Ten. 8-495-450-24-24, 8-903-679-74-71 
E-mail: vto-priorov@mail.ru 

www.cito-vestnik.ru 

3aB. pe,nam11e11 M.B. qeJIIOKaHoBa 

PenaKTop M.B. lfe.1uoKaHoea KoMnbIOTeptta51 rpacp1-1Ka 11.C. Kocoe 

OnepaTOpbi K0MnbIOTepH0fO Ha6opa 1-1 sepCTKH 11.C. Kocoe 

ITo,un11caHo B neYaTb 31.03.15 <DopMaT 60x88 1/s . TieYaTb ocpcerna51 . fleY. JI. 12,00 
T11pa)K 450 

Y cJI . n e Y. JI . 1 1 , 7 6 

ISSN 0869-8678 

9 ll~~IJmlllllllJ~~IJII 

YY.-113,u. JI. 13,90 3aKa3 N2 Pl402 

000 «l13LI.aTe11 bcTBo " PenpoueHTp M "» 
125252, MocKsa, y11. Kyyc11HeHa, LI.OM 19A. 

OrneYaTaHo C rOTOBbIX n11an0311THBOB B 000 Pn LI, <<B03pO)K)J,eHHe» 
117105 , r. MocKBa, BapwascKoe w ., noM 37a 

Bee npaea 3GUl,UUl,eHbt. Hu oaHa 11acmb 3mo20 u3aaHuR He MOJICem 6b1mb 3aHeceHa 
e naMRmb K0Mnb10mepa Au6o eocnpou3eeaeHa fl J06btM cnoco6oM 6e3 npeaeapumeflbH020 

nUCbMeHH020 pa3petueHUR U3aameJlR 

© <DfEY << UHTO HM. H.H. np11op0Ba>>, 2015 

OmeemcmeeHFwcmb 3a aocmoeepHocmb ceeaeHuu e peK.1wMe Hecem peK.llaMoaame.llb 



CENTRAL INSTITUTE 
OF TRAUMATOLOGY AND ORTHOPAEDICS 

NAMED AFTER N.N. PRIOROV 

VESTNIK 
travmatologii 

i ortopedii 
IM. N.N. PRIOROVA 

Quarterly Scientific-Practical Journal 

Editor-in-chief S.P. MIRONOV 

EDITORIAL BOARD: 
A.G. BAUNDURASHVILI , A.V BALBERKIN, VP. VOLOSHIN, 

N.A. ES'KIN (deputy editor) , I.O. GOLUBEV, N.V. ZAGORODNIY, P.A. IVANOV, 
G.M. KAVALERSKIY, VY. KLYUCHEVSKIY, I.S. KOSOV, G.P. KOTEL'NIKOV, 
Y.N. MERKULOV, L.K. MIKHAILOVA, A.K. MOROZOV, G.I. NAZARENKO, 

A.A. OCHKURENKO, S.S. RODIONOVA, A.S. SAMKOV, A.Y. SKOROGLYADOV, 
A.I. SNETKOV, R.M. TIKHILOV, M.B. TSYKUNOV (resp. secretary), 

M.V. CHELYUKANOVA, N.A. SHESTERNYA 

1 
January-March 

2015 

Index 73064 - individual subscribers Index 72 153 - organizations 



ISSN 0869-8678 

911~~11m111rnm111 

PUBLICATIONS COUNCIL: 
AV. GUBIN (Kurgan) , S.A. DJUMABEKOV (Bishkek) , 

V.I. ZORYA (Moscow) , G.A. KESYAN (Moscow) , 
O.Y. KOZHEVNIKOV (Moscow) , N.A. KORZH (Khar'kov) , 

A.I. KRUPATKIN (Moscow) , AF. LAZAREV (Moscow) , 
AN. MAKHSON (Moscow) , M.M. POPOVA (Moscow) , 

M.A. SADOVOY (Novosibirsk) 

Responsible for issue M. V. Lekishvili 

Yestnik Travmatologii i Ortopedii im. N.N. Priorova 
is indexed in 

<< Biological Abstracts>>, <<Index to Dental Literature>>, 
<< Excerpta Medi ca>>, << Index Medicus>>, 

<< U lrich 's International Periodicals Directory>> 

Editorial office: 

CITO, 10 Priorov Street, 
127299, Moscow, Russia 

Tel.: +7-495-450-24-24, +7-903-679-74-71 
E-mail: vto-priorov@mail.ru 

www.cito-vestnik.ru 

000 «lzdatel'stvo " Reprotsentr M ">> 

Moscow, Russia 

Reliability of advertisement information is the responsibility of advertiser 

Copyright© All Rights Reserved , 2015 



BecTHJ/TK rpaaMaronon1M J/1 oprone,D.J/TJ/1 MM. H. H. npMopoaa. 2015, Ng 1 

OT PEJ(AKaHH 

Ha cero,r:i;H.Hll1Hl1J1 ,z::i;eHb Hap.H,z::i;y C BMelllaTeJibCTBaMl1 ITO ycTaHOBKe MeTaJIJIOKOH

CTpyKI.J;l1J1 pacTeT KOJIW-IeCTBO OITepau;m1:, BbIITOJIH.HeMbIX C l1CITOJib30BaHl1eM 6110Jior11-

qecKl1X MaTep11aJIOB l1 l1X KOMITOHeHTOB, CITOC06HbIX BJil1.HTb Ha Cf)l13l10JIOrl1qecKl1e pe

reHepa Tl1BHbie ITpou;eccbI ITOBpem,z::i;eHHbIX opraHOB OITOpHO-,ll;Bl1ra TeJibHOro aITITa pa Ta 

qeJIOBeKa. ,I(o6l1TbC.H ITPl1HIJ;l1ITl1aJibHO 3Ha q11Moro COKpaI.IJ;eHl1.H cpOKOB pereHepau;1111 

KaK KOCTHOM, TaK l1 xp.HI.IJ;eBOJ1 TKaHl1 He ITpe,n;cTaBJI.HeTC.H B03MOJKHbIM BBl1,ll;Y ,n;eTep

Ml1Hl1pOBaHHOCTl1 CKOpOCTl1 6110Jior11qecKl1X ITpou;eccoB. 

3a6op ,ll;OHOpCKl1X TKaHeM C u;eJib!O ITOCJie,n;yIOI.IJ;ero l13fOTOBJieHl1.H aJIJIOTpaHCITJiaH

TaTOB CB.H3aH C Tpy,r:i;HOCT.HMl1 KaK q11cTO ITpaKT11qecKOro xapaKTepa, TaK l1 o6ycJIOB

JieHHbIMl1 OTCYTCTBl1eM ,ll;OJI)KHOI'O ITpaBOBOro pery Jil1pOBaHl1.H. IloJiyqaeMbie TpaHC

ITJiaHTa Tb! MOryT ,ll;OBOJibHO Cl1JibHO pa3Jil1qa Tb CR ITO CBOl1M 6110Jior11qecKl1M, Cf)l13l1KO

Xl1Ml1qecKl1M l1 ITpoqHOCTHbIM xapaKTep11cT11KaM, qTo B CBO!O oqepe,n;b orpaH11q11BaeT 

l1X l1CITOJib30BaHl1e B OITpe,z::i;eJieHHbIX KJil1H11qeCKl1X C11Tyau;11.HX. 

C u;eJib!O C03,ll;aHl1.H ycJIOBl1J1 ,ll;JI.H Ka qecTBeHHOro opraHOTl1IT11qecKoro BOCCTaH0B

JieHl1.H ITOBpem,n;eHHbIX opraHOB yme cero,r:i;H.H ITpe,z::i;JiomeHO l1 l1CITOJib3yeTC.H 60JiblllOe 

KOJI11qecTB0 6110Jior11qecKl1X Ma Tep11aJIOB l1 TeXHOJIOfl1M l1X ITpl1rOTOBJieHl1.H. B KOCT

HOITJiaCT11qecKOJ1 l1 cycTaBHOM x11pypr1111 aKTl1BHOe pa3Bl1Tl1e ITOJiyq11Jia KOHIJ;eITI.J;l1.H 

pereHepa Tl1BHOro ITO,n;xo,z::i;a , ITpe,z::i;ycMa Tpl1BaIOI.IJ;a.H pa3pa60TKY TeXHOJIOfl1J1 CTl1MY JI.H

I.J;l1l1 peITapaTl1BHbIX ITpou;eccoB. IIp11MeH11TeJibHO K KOCTHOM TKaHl1 aKu;eHT , B qacTHO

CTl1, ,n;eJiaeTC.H Ha 3aMeI.IJ;eHl1l1 6110MaTep11aJia HOBOM KOCTHOM TKaHb!O. MaTep11aJiy ITPl1 

3TOM OTBO,ll;.HT pOJib l1CTOqH11Ka Heo6xo,n;l1MbIX ,ll;JI.H ITOCTpOeHl1.H KOCTHOM TKaHl1 cpaKTO

poB, Ha ITepBbIX ::naITax BbIITOJIH.HIOI.IJ;ero OITOPHYIO cpyHKI.J;l1!0. 

IlepeqeHb l1CITOJib3yeMbIX l1 HaXO,ll;.HI.IJ;l1XC.H B CTa,n;1111 pa3pa60TOK OCTeOITJiaCT11qec

Kl1X Ma Tep11aJIOB oqeHb llll1pOK: Ha q11Ha.H OT Xl1TO3aHa l1 3aKaHql1Ba.H KaJibI.J;l1J1Cf)OC

cpa THOJ1 KepaMl1KOJ1. Ilp11qeM eCJil1 paHbllle MaTep11aJibI o6Jia,r:i;aJil1 TOJibKO OCTeOKOH

,z::i;yKu;11e:w, TO u;eJib!O HaCTO.HI.IJ;l1X pa3pa6oTOK .HBJI.HeTC.H ITOJiyqeH11e MaTep11aJIOB co CBOM

CTBaMl1 OCTeOl1H,ll;YKIJ;l1l1 l1 OCTeoreHHOCTl1 ITOcpe,n;CTBOM BBe,r:i;eHl1.H pa3Jil1qHbIX KJieTOK , 

cpaKTOpOB pocTa , reHHbIX KOHCTPYKI.J;l1M. 

Oco6bIM l1HTepec BbI3bIBa!OT TeXHOJIOfl1l1, IT03BOJI.H!OI.IJ;l1e C03,ll;aBaTb TpexMepHbie 

KOMIT03l1I.J;l10HHbie Ma Tep11aJibI , l1CITOJib3YR MeTO,ll;bI 6bICTporo ITPOTOTl1ITl1pOBaHl1.H ( l1Jil1 

a,n;,n;l1Tl1BHOfO ITPOl13B0,ll;CTBa) , Ha1160Jiee pa3pa6oTaHHbIM cpe,z::i;11 KOTOpbIX .HBJI.HeTC.H 

TpexMepHa.H (3D) ITeqaTb. B TexHOJior1111 3D-ITeqaT11 MOmHo Bbr,n;eJil1Tb Tp11 3TaITa. Ha 

ITepBOM 3TaITe C03,n;aeTC.H TpexMepHa.H KOMITb!OTepHa.H MO,n;eJib Tpe6yeMoro cpparMeHTa 

TKaHl1 ITau;11eHTa Ha peHTreHOBCKOM KOMITb!OTepHOM TOMOrpacpe C BbICOKl1M pa3pellle

Hl1eM l1Jil1 MafHl1THO-pe30HaHCHOM TOMOrpacpe. BTOpbIM 3TaITOM ITPl1 ITOMOI.IJ;l1 6110-

ITpl1HTepoB C03,n;aeTC.H Heo6XO,ll;l1MbIJ1 o6pa3eu;. 3aKJI!Oql1TeJibHbIM 3TaIT , TaK Ha3bIBae

MOe ycKopeHHOe TKaHeBoe C03peBaHl1e ' peaJil13yeTC.H B ycJIOBl1.HX 611opeaKTOpa. 

Ey,n;yI.IJ;ee TeXHOJIOfl1l1 6110ITeqaTl1 - 3a KPYITHbIMl1 Me,ll;l11I;l1HCKl1Ml1 u;eHTpaMl1 , KO

TOpbre MO)KHO Ha3BaTb « 3aBo,n;aMl1 » ITO ITpOl13BO,ll;CTBY opraHOB , B KOTOpbIX ITOJIHOCTb!O 

06ecITeq11BaJil1Cb 6hl ycJIOBl1.H KaK ,ll;JI.H l13fOT0BJieHl1.H , TaK l1 ,ll;JI.H TpaHCITJiaHTau;1111 

fOTOBbIX opraH0B. B.A. M11pOHOB - TKaHeBOM l1HJKeHep , aBTOp rrepBOJ1 rry6JI11Kau;1111 0 

ITeqaT11 opraHoB , HayqHbIM pyK0B0,n;11TeJib Jia6opaTop1111 3D Bioprinting Solutions , 

ITPOCf)eccop YH11Bepc11TeTa B11p,z::i;m11H1111 , qJieH ITorreq11TeJibCKoro coBeTa CKOJIKOBO, 

ITPl13HaHHbIJ1 3KCITepT po60Tl13l1pOBaHHOM 611ocpa6p11Kau;1111 rrpe ,r:i;JIO)Kl1JI 11,z::i;e!O C03,n;a

Hl1.H CBOeo6pa3Horo KOHBeMepa, K OTOpbIJ1 6y,z::i;eT COCTO.HTb 113 Mallll1Hbl ITO rrpOl13BO,ll;

CTBY CTBOJIOBbIX KJieTOK - 6110MaTep11aJia ,ll;JI.H rreqaT11; ycTpOMCTBa ,ll;JI.H rrpOl13B0,ll;

CTBa ccpepo11,n;0B 113 KJieToK; caMoro 611orrpl1HTepa , KOMITbIOTepa C ITporpaMMHbIM 06ec

ITeqeH11eM ,ll;JI.H C03,ll;aHl1.H «6JIIOITpl1HTOB » - MO,n;eJieM rreqaTaeMbIX opraHoB ; l1 o6opy

,ll;OBaHl1.H ,ll;JI.H CO3peBaHl1.H TKaHeM. 

5 
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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. 

Initial Steps of Distraction Osteosynthesis 

SP. Mironov, N. P. Omel'yanenko, I.N. Karpov, A. V Ivanov, A. V Khlystova 

Central Institute of Trauma tology and Orthopaedics named after N .N. Priorov, 
Moscow, Russia 

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. 

Key words: distraction, bone , osteoinduction , osteoconduction, osteogenesis , repara
tive regeneration , growth factors, osteoblasts , chondrocytes, neoangiogenesis. 

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 

6 

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 

9 

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. 

Jlv1TEPATYPA [ REFERE NCES] 

1. J1JLU3apOB I'.A. OCHOBHbie rrp11HI..l;I1I1bl qpeCK0CTH0f0 K0M

rrpeCCJ10HH0f0 J1 ,lJ,J1CTpaKIJ;J10HHOro OCTeOCJ1HTe3a. OpTO

rre,l],J1.R, TpaBMa T0Jior11.R 11 rrpoTe311poBaH11e. 19 71 ; 11: 
7-15 [Ilizarov G.A. Basic principles of transosseous 
compression and distraction osteosynthesis. Ortopediya, 
tra vma tologiya i protezirovanie. 1971 ; 11 : 7-15 (in 
Russian)]. 

2. Ilizarov G.A. The tension-stress effect on the genesis 
and growth of tissues. Part I: the influence of stability of 
fixation and soft-tissue preservation. Clin. Orthop. Relat. 
Res. 1989; 238 : 249-81. 

3. Ilizarov G.A . The tension-stress effect on the genesis 
and growth of tissues. Part II. The influence of the rate 
and frequency of distraction. Clin. Orthop. Relat. Res. 
1989 ; 239: 263-85. 

4. Il izarov G.A . The transosseous osteosynthesis. 
Theoretical and clinical aspects of the regeneration and 
growth of tissue. New York: Springer; 1992. 

5. 0.MeJLbJL1-le1-l1W H .n. , Mup01-lOB c.n. , Ae1-lUCOB-HUKOJLbC 
KUU I-0.U., MamBeii1tyK U .B. , KapnoB U.H. PerrapaT11B
Ha.R KOCTHa.R perettepau;11.R. B KH. AKTyaJibHbie rrpo6JieMbI 
TeopeT11qecKoi1 11 KJIJ1H11qecKoi1 ocTeoa pTpoJior1111. M. : 
OAO «T11rrorpaq:rnH «HoBOCT11 »; 2005 : 239 - 71 
[Omel'yanenko N.P., Mironov S.P. , Denisov -Nikol'ski y 
Yu.I ., Matveichuk I .V ., Karpov I.N. Reparative bone 
regeneration. In: Current issues of theoretical and clinical 
osteoarthrology. Moscow: OAO "Tipografiya «Novosti »"; 
2005: 239- 71 (in Russian)]. 

6. JiaBpu'Lll;,eBa I'.U. , Illmu1-1, B.n. Oco6ettttocT11 perrapaT11B
Hhrx rrpou;eccoB npv1 ,ll,MCTpaKIJ;MOHHOM OCTeOCJ1HTe3e. B 
KH.: Tpy.n:hr III BcecOI03HOro C'be3.n:a TpaBMaToJioroB-op
Tone.n:oB. M.: Uli1TO; 1976 : 13-15 [Lavrishchev a G.I. , 
Shtin V.P. P eculiarities of reparative processes in 
distraction osteosynthesis. In: P roc. 3rd All-Russ. Cong. 
of Trauma and Orthop. Surg. Moscow: CITO; 1976: 13-
15 (in Russian)]. 

7. Kojimoto H. , Yasui N., Goto T ., Matsuda S ., Shimomu
ra Y. Bone lengthening in rabbits by callus distraction. 
The role of periosteum and endosteum. J . Bone Joint 
Surg. 1988; 70B: 543 - 9. 

8. Aronson J., Good B., Stewart C.M., Harrison B. , Harp J . 
Preliminary studies of mineralization during distraction 
osteogenesis. Clin. Orthop. Rela t. Res. 1990; 250: 43 - 9. 

9. Choi I.H. , Ahn J.H., Chung C.Y., Cho T.J. Vascular 
proliferation and blood supply during distraction 
osteogenesis : a scanning electron microscopic 
observation. J . Orthop. Res. 2000 ; 18: 698-705. 

10. Aronson J. The biology of distraction osteogenesis. In : 
Maiocchi A.B. , Aronson J. , eds. Operative principles of 
Ilizarov. Fracture treatment, nonunion, osteomyelitis , 
lengthening, deformity correction. Baltimore : Williams 
and Wilkins; 199 1: 42-52. 

11. Aronson J. Experimental and clinical experience wi t h 
distraction osteogenesis. Cleft. Palate Craniofac. J . 1994; 
131 : 473-81. 

12. Aronson J. Temporal and spatial increases in blood flow 
during distraction osteogenesis. Clin. Orthop. Rela t. Res. 
1994; 301: 124-31. 

13. Aronson J., Harp J.H. Mechanical forces as predic tors of 
healing during tibial lengthening by dis t ract io n 
osteogenesis. Clin. Orthop. Relat. Res. 1994; 301: 73-9. 



B e cTH//TK TpaaMaTono,M//1 //1 opTone,D.M//1 MM. H . H . npMopoaa. 2015, Ng 1 

14. Delloye C., Delefortrie G., Coutelier L. , V incent A. Bone 
regenerate formation in cortical bon e durin g distraction 
lengthening. An experimen tal study. Clin. Orthop. Relat. 
Res. 1990 ; 250: 34-42. 

15. Ganey T .M. , Klotch D .W. , Sasse J. , Ogden J .A. , Garcia T . 
Basem ent m embrane of b lood vessels during distraction 
osteogenesis. Clin. Orth op. Relat. Res. 1994; 301 : 132-8. 

16. Schenk R .K. , Gachter A. H isto logy of d istraction 
osteogenesis. In : Brighton C.T. , Fried laender G.E., Lane 
J .M., ed s. Bone formatio n a nd repair. Ill inois: AAOS ; 
1994: 387-94. 

17 . Shearer J .R ., Roach H.J., Parsons S .W. Histology of a 
length ened human tibia. J . Bone Joint Surg. 1992; 74B : 
39-44. 

18. Vauhkonen M., Peltonen J ., Karaharju E., A alto K., A lita
lo I. Collagen synthesis and minera lization in the early 
phase of dis t raction bone healing. Bone Miner . 1990; 10 
(3): 171- 81. 

19. Yasui N ., Sato M. , Ochi T. , Kimura T. , Kaw ahata H., 
Kitamura Y., Nomura S . T hree m od es of ossification 
d uring distraction os teogenesis in the r at. J . Bone J oint 
Surg. 1997; 79B : 824 - 30. 

20. Li G., V irdi A .S. , Ashhurst D.E. , S impson A .H., Trif
fitt J .T . Tissues fo rmed during d istraction osteogenesis 
in t h e rabbi t a r e dete rmined by the d is traction rate: 
localization of t h e cells that express t he mRN As and the 
d istribu t ion of types I and II collagens. Cell. Biol. Int. 
2000 ; 24: 25 - 33. 

21. JlaBpu'U'1-e Ba I'.M ., Mux aii.JwBa JI .H. P enapaTMBHaR pere
Hepa u;MR KOCTM. B KH. : CTpyKTYPHbie ocHOBbI a ,n:a nTa U: MM 
J,1 KOM TieHCall;MM HapyweHHbIX cpyHKI..l;MM: P yKOBO,n:C TBO 
AMH CCCP. M.: Me,n:MI..l;MHa ; 1987 : 154- 85 [Lavris hcheva 
G.I., Mik hailova L.N. Repara tive bone r egeneration . In : 
S tructural principles of adapta t ion and compensation of 
t h e d isturbed functions : Manual of t he USSR AMSc. 
Moscow : Meditsina ; 1987: 154-85 (in Russia n )]. 

22. Aronson J ., Shen X.C., Gao G.G., Mi ller F., Quatt leba
um T ., Skinner R.A . et al. Sustain ed pro liferat ion 
accompanies distraction osteogenesis in t he rat. J . Ort hop. 
Res. 199 7; 15 : 563 - 9. 

23. Cho T.J ., Kim J .A. , Chung C.Y. , Yoo W .J. , Gerstenf eld 
L.C ., Einhorn T .A. , Choi I .H. Expression and role of 
in terleukin- 6 in d istraction osteogenesis. Calcif. Tissu e 
Int. 2007 ; 80 (3): 192- 200. 

24. Cho T.J ., Choi I. H., Chung C.Y. , Park S .S., Park Y.K. 
T emporal and spatial expression of bone m orphogenetic 
protein- 2 and - 4 mRN A in d istraction osteogenesis and 
fracture healing. J . K orean Orthop. Assoc. 1998; 33 : 595 -
605. 

25 . Cho T.J. , Choi I.H., Chung C.Y., Yoo W .J ., Sung H.Y. 
Expressio n of vascu loendoth e lia l growt h factor in 
distraction osteogen esis of r at t ib ia . J . K orean Orthop. 
Res. 200 1; 4 : 114- 20. 

26 . Choi I.H., S him J .S ., Seang S .C., Lee M.C. , Song K.Y., 
Park S.C., Chung C.Y. Effect of t h e distract ion ra t e on 
the activity of t h e osteoblast linea ge in distrac tion 
osteogenesis of r a t's t ibia. Bull. Hosp. J t Surg. 199 7; 56: 
34 - 40 . 

27 . L i G ., S impso n A.H., K en w r i ght J ., Tri ffitt J .T. 
Assessment of cell p roliferation in regenerating bone 
during distraction ost eogenesis at different dis traction 
rates. J . Ort hop. Res. 1997 ; 15 : 765-72. 

28. Choi I.H. , Chung C.Y. , Cho T-J. , Yoo W. Angiogenesis 
a nd m in eralization during distraction ost eogenesis. J. 
K orean. Med . Sci. 2002 ; 17: 435-47. 

29. 0 MMb.H1-te1-t1w H.n., MJLu3apoB I' .A. , Cme7tyJLa B.M. Pere
Hepau;:vrn KOCTHO:ti TKaHi:1. B KH.: IllarrornHMKOB IDT., pe,n:. 
TpaBMaTOJIOfJ1J,1 J1 opTorre,n:MR: PyKOBO,n:CTBO ,n:JIR Bpaqei1:. 
T. 1. M.: Me,n:i:1u;MHa; 1997 : 393-481 [Omel'yanenko N.P. , 
Ilizarov G.A ., Stetsula V.I. Bone tissue regeneration. In: 
Shaposhniko v Yu.G. , ed. Traumatology and 

orthopaedics: Manual for phys icians. V. 1. Moscow: 
Meditsina; 1997 : 393-481 (in Russian)]. 

30. Danis A . Mechanism of bone lengthening by the Ilizarov 
technique. Bull. Mem. Aca d . R. Med . Be lg. 2001 ; 156 
(1- 2): 107- 12. 

31. Carter D .R. , Beaupre G.S. , Giori N .J ., Helms J.A . 
Mecha nobiology of skeletal r egener a tion. Clin. Orthop. 
Rela t. Res. 1998; 355: S41 -55. 

32. Aron son J ., Harrison B.H. , S tewart C.L. , Harp J.H. Jr. 
The his tology of distr a ction osteogenesis using differen t 
exte rna l f ixa tor s. Clin. Orthop. Re lat. Res. 1989; 241 : 
106-16. 

33. A ldegheri R ., V olin o C. , Zambito A ., T essari G. , Trivel
la G. Use of ultrasound to m onitor limb lengthening by 
ca llotasis. J . P ediatr . Orthop. 1993; 2: 22-7 . 

34. V illars F. , Guillotin B. , Amedee T. , Dutoya S., Bordena
ve L. , Bareille R. , Amedee J. Effect of HUVEC on human 
ost eop rogenitor ce ll diffe r entiation needs heterotypic 
gap junction communication. Am. J . Physiol. Cell Physiol. 
200 2; 282 : C77 5-C785. 

35. Reilly T.M. , S elders R ., Luchetti W., Brighton C.T. Simila
rities in t he phenotypic expression of pe ricytes and bone 
ce lls. Clin. Orthop. Relat. Res. 1998; 346 : 95-103. 

36 . Trueta J. The role of the v essels in osteogenesis. J. Bone 
J oint Surg. 1963; 45B: 402-1 8. 

37. PycaKOB A .B. IlaTOJiorMqe cKa R aH aTO MMR 6oJie3He:ti 
KO CTHOM cMCTe MbI. M.: Me ,z::i:rn3; 19 59. Rusakov A .V. 
P a thologic ana tom y of bone syst em diseases. Moscow: 
Med giz; 195 9 (in Russian) . 

38. A sahara T. , Murohara T. , Sullivan A., Silver M., van der 
Zee R. , Li T. , W itzenbichler B. , Schatteman G., Isner 
J .M. Isolat ion of puta t ive progenitor endothelial cells 
fo r angiogenesis. Science. 1997 ; 275: 964-7. 

39. Isn er J.M. , Kalka C., Kaw amoto A., Asahara T. Bone 
marrow as a source of endothelial cells for natural and 
iatrogenic vascula r r epair. Ann. N Y Acad. Sci. 2001 ; 
953: 75- 84. 

40 . Jarka D .E ., N ic hola s R.W ., Aronson J . Effect of 
m ethotrexa t e on dis traction osteogenesis. Clin. Orthop. 
Rela t. Res. 1998; 354: 209-1 5. 

41. S ato M. , Ochi T. , Nakase T. , Hirota S. , Kitamura Y., 
Nomura S., Yasui N . Mechanical t ension-stress induces 
expression of bon e morphogen e tic protein (BMP)-2 and 
BMP-4 , but not BMP-6 , BMP-7 , and GDF-5 mRNA, 
during distraction ost eogenesis. J . Bon e Mine r . Res. 2000 ; 
14 : 1084-95. 

42 . Li G. , Berven S. , S impson H. , Triffitt J .T. Expression of 
BMP-4 mRNA during distraction ost eogenesis in rabbits. 
Acta Ort hop. Scand. 1998; 69 : 420-5. 

43. Rauch F. , Lauzier D. , Croteau S., Travers R ., Glorieu x 
F.H. , Hamdy R. T emporal and spatial expression of bone 
morphogen etic prote in-2 , -4 , and -7 during distraction 
osteogenesis in rabbits. Bone. 2000 ; 27 : 45 3-9. 

44. Farhadieh R.D. , Dickinson R. , Yu Y. , Gianoutsos M.P., 
Walsh W .R. The role of transforming growth factor
beta , insulin-like growth factor I , and basic fibroblast 
g rowth fac tor in dis tract ion ost eogen esis of the mandible. 
J . Craniofac. Surg. 1999; 10: 80-6. 

45. Farhadieh R.D. , Gianoutsos M.P ., Dickinson R. , Walsh 
W .R . Effe ct of dis traction rate on biome chanical , 
mineralization, and his tologic prope rties of an ovine 
mandible mode l. Plast. R e cons tr. Surg. 2000 ; 105 : 
889-95. 

46 . Liu Z. , Luyten F.P. , Lammens J. , Dequeker J. Molecular 
s ignaling in bone fractur e healing and dis traction 
osteogenesis. Histol. His topathol. 1999; 14 (2) : 587-95. 

47 . Steinbrech D.S., Mehrara B.J ., Rowe N.M. , Dudziak M.E. , 
Luchs J.S. , Saadeh P.B. et al. Gene expression of TGF
beta , TG F-beta receptor , and e x t racellular matrix 
proteins during membranous bone h ealing in rats. Plast. 
Reconstr. Surg. 2000 ; 105 : 2028-38. 



BecTHMK TpaaMaTonor1,11,1 1,1 opTone,n,1,11,1 MM. H . H . np0opoaa. 2015, NP 1 

48. Tavakoli K., Yu Y., Shahidi S., Bonar F., Walsh W.R., 
Poole M.D . Expression of growth factors in the 

1mandibular distraction zone : a sheep study. Br. J. Plast. 
Surg. 1999; 52: 434-9. 

49. Cillo J.E. Jr , Gassner R., Koepsel R.R., Buckley M.J . 
Growth factor and cytokine gene expression in me
chanically strained human osteoblast-like cells: impli
cations for distraction osteogenesis. Oral. Surg. Oral. 
Med. Oral. Pathol. Oral. R adial. Endod. 2000; 90 (2): 
147 -54. 

50. Meyer U., Meyer T ., Wiesmann H.P., Stratmann U., 
Kruse-Losler B., Maas H., Joos U. The effect of magnitude 
and frequency of interfrag-mentary strain on the tissue 
response to distraction osteogenesis. J. Oral. Maxillofac. 
Surg. 1999; 57: 1331-9. 

51. Meyer U., Wiesmann H.P., Meyer T., Schulze-Osthoff 
D., Jasche J ., Kruse -Losler B., Joos U. Microstructural 

investigations of strain-related collagen mineralization. 
Br. J. Oral. Maxillofac. Surg. 2001; 39: 381-9. 

52. Richards M., Kozloff K.M., Goulet J .A., Goldstein S.A. 
Tissues formed during distraction osteogenesis in the 
rabbit are determined by the distraction rate: localization 
of the cells that express the mRNAs and the distribution 
of types I and II collagens. J. Bone Miner. Res. 2000 ; 15 : 
982-9. 

53. Wang G.L., Jiang B.H., Rue E.A. , Semenza G.L. Hypoxia
inducible factor 1 is a basic-helix-loop-helix-PAS 
h eterodimer regulated by cellular 02 tension. Proc. Natl. 
Acad. Sci. USA. 1995; 92 : 5510-4. 

54. Fan L. , Li J ., Yu Z. , Dang X., Wang K. The hypoxia
inducible factor pathway, prolyl hydroxylase domain 
protein inhibitors , and their roles in bone repair and 
regeneration. Biomed. Res Int. 2014 ; 2014 : 239356. 

55. Adams J .M ., Cory S. The Bcl-2 protein family : Arbiters 
of cell survival. Science. 1998; 281 (5381) : 1322-6. 

CBe,z:i;em-1.H 06 aBTopax: Mupo?-ioB C.n. - aKa,n:eMMK P AH M PAMH, ,n:MpeKTop UMTO MM. H.H. IlpMopoBa; 0.MeAb.R?-iemw H.n. 
- ,ll;OKTOp Me,n:. HayK, npocp., 3aB. OT,ll;eJieHMeM coe,n:MHMTeJibHOH TKaHM C rpynnot1 KJIMHW-IeCKOH reHeTMKM; KapnoB U.H. -
KaH,n:. Me,n:. HayK, CTapurnt1 Hayt..J:. C0Tp. 0T,n:eJieHM.H Jiyt..J:eBOH ,n:MarHOCTMKM; I1Ba1-iOB A.B. - KaH,n:. Me,n:. HayK, Be,n:. Hayt..J:. C0Tp. 
OT,n:eJieHM.H ,n:eTCKOH opTone,n:MM; XAblCmOBa A.B. - Bpat..J: TpaBMaT0JIOr-opTone,n: ,n:eTCKOH TI0JIMKJIMHMKM. 
,I(JI.H ~o~TaKToB: KapnoB Mropb HMKOJiaeBMt..J:. 127299 , MocKBa , yJI. Ilp1,1op0Ba , ,n:. 10 , UMTO. TeJI.:+7 (916) 611 - 97 - 58. 
E-mail : 1gorkarpoff@mail.ru. 

MH<l>OPMAQMH 
XI KO Hf PEC POCCMMCKOfO APTPOCKOIIJ1qECKOfO OBIIJ;ECTBA 

C ME,K,UYHAPO,UHhIM yqACTMEM 11 IIPOBE,UEHMEM KOH<l>EPEHQl111 
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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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CPABHMTEJibHAH XAPAKTEPMCTMKA <DMEPOAPXMTEKTOHMKM 
M npoqHQCTHbIX CBOHCTB JIMO<DMJIM3MPOBAHHbIX AJIJIOTPAHCilJIAHTATOB 

C PA3JIHqHblM TMIIOM BOJIOKHMCTOfO OCTOBA 

O.P. lliaH2uHa, P.A. XacaHoe, JI.A. EyflzaKoea, JI.A. MycuHa 

cf>fBY «BcepoccM:i1:cKMM u;eHTp r.rra3Hoi1 M 1rnacTw-r ecKo:i1: xMpyprMM MMH3,n;paBa Pct>», Ycpa, Pct> 

fipoeeaeHa KOMnfleKCHaR OU,eHKa cmpyKmypbt U npO11HOCmHblX C80UCm8 JI UOqJUJI U3UpOBaHJ-lblX 

coeauHumeflbHOmKaHHbtX aJ1J1ompaHcnJ1aHmamoe, noJ1y11eHHbLX om 73 mpynoe aoHopoe 06oe20 
no/la e eo3pacme om 20 ao 50 Jlem. OnpeaefleHbL Kpumepuu coxpaHHocmu ux cjJu6poapxumeK
moHuKu e 3aeucuMocmu om muna eoflOKHucmo20 ocmoea coeauHumeflbHOu mKaHu u HaJ1u11uR 
ocHoeH020 eeU(ecmea. YcmaHOBfleHo, 11mo npou,ecc J1 uocjJuJ1 u3au,uu conpoeo:J1Caaemrn cylll,ecm
eeHHbtM U3MeHeHueM cjJu6poapxumeKmOHUKU u CHU;)ICeHUeM npOl1HOCmHblX ceoucme aJlJlO
mpaHCnflaHmamoe, u320moeJ1eHHbtX u3 nflomHou ocjJopMlleHHou coeauHumeflbHOU mKaHu c opu
eHmupoeaHHbtM (nRmOl1HOe cyxO:JICUJlue) u CMeUIQHHblM (meepaaf/, M03208aR o60fl011Ka, utupo
KaR cjJacu,uR 6eapa) munoM eoJ10KHucmo20 ocmoea. IlpocmpaHcmeeHHbLU HeopueHmupoeQJ-t
Hbtu mun eoJ10KHucmo20 ocmoea aepMbt onopHbtX y11acmKoe cmonbt 06ycJ1oeJ1ueaem coxpaHe
Hue apxumeKmoHuKu u nflacmuLtecKux ceoucme nocfle J1 uocjJuJ1 u3au,uu. 

K JI IO '-I e B bl e C Jl O Ba : coe)U1HHTeJibHOTK3HHbie aJI.JlOTp3HCTIJI3HT3Tbl, m10cpl1JII133U1151, 

qm6poapx11TeKTOHHKa , npO'--I HOCTHbJe CBOHCTBa. 

Comparison of Fibroarchitectonics and Strength Properties Preservation Criteria 
of Lyophilized Allografts with Different Type of Fibrous Framework 

D.R. Shangina, R .A. Khasanov, L.A. Bulgakova, , L.A. Musina 

Russian Eye and Plastic Surgery Center, Ufa, Russia 

An overall estimation of the structure and strength properties of lyophilized connective tissue 
a/lografts from 73 cadavers of both sexes, aged from 20 to 50, was performed. Criteria for 
preservation of their fibroarchitectonics depending upon the type of the connective tissue fibrous 
framework and presence of the main substance were determined. It was shown that lyophi/iza-
tion process was accompanied by changes in architectonics and reduction of strength properties 
in allografts made of dense formed connective tissue with orientated ( Achilles tendon) and mixed 
( dura mater, broad fascia) type of fibrous framework. A spatial non-orientated type of derma 
fibrous framework in weight bearing foot segments stipulated preservation of architectonics and 
plastic properties after lyophilization . 

Key words: connective tissue allografts , lyophilization, fibroarchitectonics, strength 

properties. 

IIo MHemno pR,n;a aBTOpOB , JIMO(pl1JIM3aLI;MR 6v10-

JIOfW-IeCKJ1X TKaHeM (MeTO,ZJ; BbICYllIMBaHMR 3aMopo

:>KeHHbIX TKaHeM B BaKyyMe) o6Jia,n;aeT orrpe,n;eJieH

HbIMJ,1 rrpev1Myru;eCTBaMJ1 rrepe,z:i; ,z:i;pyrMMM BM,lJ;aMM 

KOHCepBv1poBaHJ1R , KOTOpbie rrpe:>-r<:,n;e Bcero Bbipa:>-r<:a

IOTCR B xopollleM coxpaHHOCTM TKaHM B TeT.-JeHMe ,ZJ;OJI

roro BpeMeHM [ 1, 2]. Jlv1ocpv1JIJ13MpOBaHHbie TpaHc

ITJiaHTa TbI MoryT coxpaHRTbCR rrpv1 KOMHaTHOM TeM

rrepaType B TeT.-JeHMe 5 JieT, cyw;ecTBeHHO He MeHRR 

CBOMX CBOMCTB, He Tpe6yR crreu;v1aJibHbIX ycJIOBMM 

rrpv1 TpaHcrropTv1poBKe [3-5]. B rrpou;ecce Jiv1ocpv1Jiv1-

3au;v1v1 TKaHM rrpv106peTaIOT ycTOMl.-JMBOCTb K cpaKTO

paM BHellIHei1 cpe,n;bI v1 coxpaHRIOT orrpe,n;eJieHHbie 

CTPYKTYPHbie v1 6v1oxv1Mv1T.-JecKv1e CBOMCTBa , Ba:>-r<:Hbie 

C TpaHCITJiaHTaLI;MOHHOM TOl.-JKJ,1 3peHMR [ 6]. B TO :>Ke 

BpeMR, no MHeHMIO pR,n;a aBTOpOB, JIMO(pMJIJ13au;m1 

MO:>KeT OTpMu;aTeJibHO BJIMRTb Ha ITJiaCTMT.-JeCKMe 

CBOMCTBa 6MOJIOfW-IeCKJ1X TKaHeM [ 7, 8 ]. Ha cero,n;

HRillHMM ,n;eHb OTCYTCTBYIOT ,n;aHHbie KOMITJieKCHOfO 
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J1CCJie,n;oBaHI1Rcpv16poapxv1TeKTOHJ1KJ1, I1JiaCTJ1l.-JeCKJ1X 

J1 pereHepa TOpHbIX CBOMCTB JIMO(pMJIJ13MpOBaHHbIX 

coe,n;MHMTeJibHOTKaHHbIX TpaHCITJiaHTaTOB, a TaK:>Ke 

crreu;McpMKJ,1 MX rrpMMeHeHMR B KJIMHMT.-JeCKOM rrpaK

TMKe. 

UeJib r1ccJie,z:i;oBaHv1R: ou;eHMTb M3MeHeHMR cpr16po

apxv1TeKTOHMKM J1 rrpOT.-JHOCTHbIX CBOMCTB coe,z:i;MHM

TeJibHOTKaHHbIX aJIJIOTpaHCITJiaHTa TOB ITOCJie JIMO(pl1-

JIJ,13au;v1v1. 

MATEPl1AJI l1 METO)],hl 

Coe,z:i;MHMTeJibHOTKaHHhle aJIJIOTpaHCITJiaHTaThl 

6bIJIM M3rOTOBJieHbI M3 aHaTOMv1T.-JecKMX CTPYKTYP, 

MMeIOru;Mx pa3HYIO cpr16poapxv1TeKTOHMKy: ITRTOl.-JHOfO 

cyxo:>KMJIMR, llIMpOKOM cpacu;v1v1 6e,n;pa, TBep,z:i;o.w 060-

JIOT.-JKJ,1 roJIOBHoro MO3ra (TMO), ,n;epMbI orropHbIX yT.-Ja

CTKOB CTOilbI. MccJie,z:i;oBaJIM HaTMBHbie TKaHM (KOHT

pOJibHaR rpyrrrra) v1 TKaHM, rro,n;BeprHyTbie rrpou;eccy 

JIMO(pMJIM3au;v1v1 ( 8KCrrepMMeHTaJibHaR rpyrrrra ). Mc-
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XO,D;Hbie 6MOJIOfW-IeCKMe TKaHJ.1 3aMopamv1BaJIJ.1 B Kpv10-

reHHOJ1 KaMepe ,n;o -45 °C v1 BbICYlllMBaJIJ.1 rro,n; BaKyy

MOM ( OCT a TOqHoe ,n;aBJieHMe 10 MTopp) B JIMO(pMJibHOJ1 

ycTaHOBKe Dry Winner DW-6 ( «Heto Holten» , ,I(a-

HMR). I 

,I(JIR 1,13yqeHJ.1R CBOMCTB TpaHCITJiaHTa TOB 6bIJIJ.1 J.1C

nOJib3OBaHbI 8JieKTpOHHO-MMKpOCKOITJ.1qecKJ.1J1 ( CKaHJ.1-

pyIOrn;aR MMKpOCKOnMR) MeTo,n;, MOpcpoMeTpMR TOJI

ill;MHbI nyqKoB J1 lllMpMHbI MemnyqKOBbIX rrpocTpaHCTB 

B TpaHCnJiaHTaTe , 6v10MexaHv1qecKJ.1e MeTO,D;bI MCCJie

,D;OBaHMR (v1CnbrTaHJ.1R npoqHOCTHbIX CBOMCTB 6v10Ma

Tepv1aJIOB ). PeJibecp noBepxHOCTJ.11,13yqaJIJ.1 Ha CKaHM

pyIOrn;eM 8JieKTpOHHOM MMKpocKone JSM -840 ( « J eol » , 

HnoHMR) rrpv1 yBeJiv1qeHv1Rx 500 , 1000, 1500, 3000. 

II poqHOCTHbie CBOMCTBa aJIJIOTpaHCITJiaHTa TOB ou;eHJ.1-

BaJIJ.1 Ha YHMBepcaJibHOJ1 MalllMHe ,D;JIR MCIThlTaHMR 

npoqHOCTHbIX CBOMCTB MaTe pv1aJIOB MO,D;eJIM 1185 

INSTRON (AHrJIMR) . 

,I(JIR o6pa6oTKJ1 KOJIJ.1qecTBeHHhlX noKa3aTeJiei1 

v1cnOJib30BaJiv1 rrporpaMMY Sta tis ti ca 7 .0. Pe3y JibTa

TbI, noJiyqeHHbie B pa3JIJ.1qHbIX cepMRX OITbITOB , cpaB

HMBaJIJ.1 rra paMeTpv1qecKJ1M MeTO,D;OM ( t-Kpv1Tepv1i1: 

CTbIO,D;eHTa) . 

PE3Y JihTAThl 11 OBCY$1\,UEH11E 

Y CTaHOBJieHO , qTo npou;ecc JIMOcpMJIM3au;v1v1 npv1-

BO,D;J.1T K J.13MeHeHJ.1IO KaK cpv16poa pxv1TeKTOHJ.1KJ.1 co

e,n;MHMTeJibHOTKaHHbIX aJIJIOTpaHCnJiaHTaTOB , TaK J1 

MX cpv13J.1KO-MexaHJ.1qecKJ.1X CBOMCTB. TaK, BbrpameH

Hbie Ha pyllleHMR CTPYKTYPHOM opraHv13au;v1v1 nyqKoB 

KOJIJiareHOBhlX BOJIOKOH nocJie JIMOcpMJIM3au;v1v1 no 

cpaBHeHMIO C Ha TMBHbIMJ.1 06pa3u;aMJ.1 Ha6JIIO,D;aJIMCb 

B nRTOqHOM cyxo:>KMJIMJ.1 (pv1c. 1, a). YqacTKJ.1 npo

,D;OJibHO pacrn;enJieHHbIX nyqKOB KOJIJiareHOBbIX BO

JIOKOH qepe,n;oBaJIMCb C yqacTKaMJ.1 cpparMeHTMpOBaH

HbIX nJIOTHbIX nyqKOB BOJIOKOH. MemnyqKOBbie npo

CTpaHCTBa Ha yqacTKax C pacrn;enJieHHbIMJ.1 BOJIOK

HaMJ.1 yBeJIJ.1qJ.1BaJIJ.1Cb , Ha cpparMeHTMpOBaHHbIX yqa

CTKax - HMBeJIMpOBaJIMCb. B pe3yJibTaTe pacrn;en

JieHMR nyqKOB KOJIJiareHOBbIX BOJIOKOH Mem,n;y HMMJ.1 

o6pa30BhlBaJIMCb pa3JIJ.1qHhle no pa3MepaM npo

cTpaHCTBa (pv1c. 1 , 6). BeJIJ.1qJ.1Ha MemnyqKOBbIX npo

CTpaHCTB JIMOcpMJIJ.13MpoBaHHOfO nRToqHoro cyxomv1-

JIJ.1R yBeJIJ.1qJ.1JiaCb B 1, 9 pa3a no cpaBHeHMIO C TaKO

BOJ1 Ha TMBHOfO cyxo:>KMJIMR : c 19 , 17±3, 57 ,n;o 
35 ,49±8,01 MKM (p<0 ,05 ). 

II pv1 v1ccJie,n;oBaHv1v1 B rroJIRpv13au;v10HHOM cBeT e 

CTPYKTypbr Ha TMBHbIX 06pa3u;oB nRTOqHoro cyxomv1-

JIMR Ha6JIIO,D;aJICR BbipameHHbIJ1 8cpcpeKT ,D;BOMHOfO 

JiyqenpeJIOMJieHMR, qTo CBM,D;eTeJibCTByeT O BbICOKOJ1 

onTv1qecKOJ1 aKTMBHOCTJ.1 nyqKOB KOJIJiareHOBbIX BO

JIOKOH, xa paKTepHOJ1 ,D;JIR nJIOTHOJ1 ocpopMJieHHOJ1 co

e,n;MHMTeJibHOJ1 TKaHJ.1. 

B o6pa3u;ax lllv1p0Ko11 cpacu;v1v1 6e,n;pa rrocJie Jiv10-

cpv1Jiv13au;v1v1 Ha6JIIO,D;aJIOCb yrrJIOTHeHMe rryqKoB KOJI

JiareHOBbIX BOJIOKOH - Memrry--Y:KOBbie rrpocTpaHCTBa 

rrpaKTM"Y:eCKJ.1 HJ.1BeJiv1poBaJIJ.1Cb. CTerreHb J.13BJ.1TOCTJ.1 

KOJIJiareHOBbIX BOJIOKOH, rrpv1cyrn;aR Ha TJ.1BHOJ1 TKa

HJ.1 , J.13Mem=IJiaCb: MeCTaMM J.13BJ.1TOCTb BOJIOKOH er Jia

:>KMBaJiaCb v1 rrpaKTv1qecKv1 v1cqe3aJia , a Ha HeKoTo-
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Pi1c. 1. Il.HTOt.JHoe cyx omJ/lJIJ/le . 

a - rrpocTpaH CTB e HHbie B 3aJl!MOOTHOllleHI1.H OCH OBHbIX rry T.IKOB 

JI[ COJIJl!Ta pHbIX KOJIJiareH OBbIX BOJIOK OH H aTJ/lBHOro o6pa3u;a , 

6 - Jl!3M e H e H Jl!e YJib TpacTpyKTYPbI aJIJIOTpa H CITJiaHTaTa ITOCJie 

JIJl!O(J) Jl!JIJl!3aIJ;Jl!JI! . 

3 ,n;ecb JI[ H a PJl!C . 2-4 rr pe,n;cTa B JieHbI ,n;aHHbie CKa H J/lpyIO~ei-1 

3JieKTp OHHOM MJl!Kp OCKOIT Jl!JI!. 

pbIX yqacTKax , HanpOTMB, aMnJIMTy,n;a J.13rM6a BOJIO

KOH yBeJIJ.1qJ.1BaJiaCb. IlyqKJ.1 KOJIJiareHOBbIX BOJIOKOH 

ITJIOTHO rrpv16JIJ.1:>KaJIJ.1Cb ,n;pyr K ,n;pyry' o6pa3y H ,n;o
BOJibHO TOJICTbie TH:>KJ.1 , Mem,n;y KOTOpbIMJ.1 JIOKaJibHO 

Ha6JIIO,D;aJIJ.1Cb rrpocTpaHCTBa , 3aITOJIHeHHbie T OHKJ.1 -

MJ.1 cpparMeHTMpOBaHHbIMJ.1 BOJIOKHaMM. C o JIMTa pHbie 

rry--Y:KJ.1 , coe,n;MHHIOill;Me CJIOJ.1 rry--Y:KOB KOJIJiareHOBbIX 

BOJIOKOH B HaTJ.1BHOJ1 cpacu;v1v1 6e,n;pa , ITOCJie JIMOcpv1 -

JIJ.13au;v1v1 rrpv106peTaJIJ.1 BJ.1,ll; pbIXJIOJ1 Hey rro pH,D;O"Y:eH

H0.11 ceTM , MeCTaMM rrpOM30IllJIJ.1 MX pa3pbIB J1 ,n;ecp

parMeHTaIJ;MH (pv1c. 2 ) . 

BbICOKaH OITTJ.1qecKaH aKTMBHOCTb, rrpv1cyru;aH KOJI 

JiareHOBbIM BOJIOKHaM cpacu;v1v1 6e,n;pa , B JIMOcpMJIJ.13J1 -

poBaHHbIX o6pa3u;ax coxpaHHJiaCb. T OJiill;MHa rry q KOB 

KOJIJiareHOBbIX BOJIOKOH Ha TJ.1BHO J1 IllMp OK OJ1 cpa cu;v1v1 

6e,n;pa COCTaBMJia B cpe,n;HeM 107 ,0 3 ±1 9 , 0 3 MKM, JIJ.10 -

qmJIM3MpOBaHHbIX o6pa3 IJ;OB - 2 0 5 , 6 7 ±56 , 12 MKM, T.e. 

yBeJiv1qv1Jiacb B 1 ,9 pa3 a (p<0 ,05 ) . B eJiv1q v1Ha Mem
rryqKOBbIX rrpocTpaHCT B J.13MeHHJiaCb rrpv1MepHO TaK 

me: B HaTMBHOM o6pa3 u;e ,n;aHHbIJ1 rroKa3aTeJib COCTa -
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BM.JI 39,32 ±6 ,66 MKM, B JIJ10Cf)J1JIJ13J1pOBaHHOM -

22,89±7 ,05 MKM (yMeHbilleH:vre B 1, 7 pa3a; p<0,05 ). 
,U.rrR TBep,z:i;o.i1 060.rroqK:vr ro.rroBHoro M03ra xa paKTe

peH CJI0JK.H0- rreperr.rreTeHHbIM, 0TH0CMTeJibH0 IIJIOTHbIM 

coe,n;J1HJ1TeJibHOTKaHHbIM KapKac, COCTORIIJ;J1M J13 pac 

rro.rromeHHbIX rra pa.rr.rreJibH0 ,z:i;pyr ,z:i;pyry CJI0eB B0JIH0-

o6pa3HbIX rryqK0B K0JIJiareH0BbIX B0JI0K0H (p:vrc. 3, a). 
Iloc.rre .rr:vrocp:vr.rr:vr3au;:vr:vr Ko.rr.rrareH0Bbie rryqK:vr a.rr.rro

TpaHcrr.rraHTa Ta pacm;errJIRJIJ1Cb Ha B0JI0KHa , K0T0pbie 

CTaH0BJ1JIJ1Cb rroxom:vre Ha T0HKJ1e BOJIH006pa3HO J130r

HYTbie HJ1TJ1, op:vreHT:vrpoBaHHbie B 0,D;H0M HarrpaBJie

HJ1J1. QqepTaH:vrH c.rroeB, xapaKTepHbIX ,z:i;.rrH TMO, He 

rrpocMa Tp:vrBa.rr:vrcb. B u;e.rroM cp:vr6poa px:vrTeKT0H:vrKa 

.rr:vrocp:vr.rr:vr3:vrpoBaHHbIX a.rr.rroTpaHcrr.rraHTa T0B TM 0 
rrp:vro6peTaJia BJ1,ll; pbIXJIOM MeJIKOHqe:vrCTOM ceT:vr, qTo 

CBM,D;eTeJibCTByeT 0 HapyweHJ1J1 B0JI0KHJ1CT0r0 Kap

Kaea (p:vrc. 3, 6). Ilp:vr I10JIHp:vr3aQJ10HHOM MMKp0CK0-

IIJ1J1 oqepTaHMH 0T,D;eJibHblX CJI0eB, xapaKTepHbIX ,[I;JIH 

,z::i;aHHOM TKaH:vr , He rrpocMaTpJ1BaJIJ1Cb, X0TH orrn1qec

KaH aKTMBH0CTb, rrp:vrcym;aH HaT:vrBHOM TMO, coxpa

HH.rracb. To.rrru;:vrHa rryqKQB K0JIJiareH0BbIX B0JI0K0H Ha

TJ1BHbIX o6pa3QOB C0CTaBJIHJia 50,31 ± 0,90 MKM, JIJ10-

cp:vr.rr:vr3:vrpoBaHHbIX - 5,27±1,18 MKM. Mem,z::i;y rryqKa-

Puc. 2. llbrpoKaH cpacu;rrn 6e,n;pa. 

a - pa3BJIITa.H ceTb COJIJIITapHbIX rry-Y:KOB HaTJIIBHOro o6pa3u;a, 

6 - cpparMeHTaI..l;JII.H BOJIOKHJIICTbIX rry-Y:KOB IIOCJie JIJIIO(pJIIJIJII3a

IJ;JIIJII. 
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MJ1 cpopM:vrpoBaJIJ1Cb 5IqeJ1CTbie rrpocTpaHCTBa, CTeHKJ1 

K0T0pbIX 6bIJIJ1 o6pa30BaHbl pacru;err.rreHHbIMJ1 rryqKa

MJ1 K0JIJiareH0BbIX B0JI0K0H, I103T0MY B KaqecTBe J13-

MepHeMbIX 3Ha qeHMM MemrryqK0BbIX rrpocTpaHCTB 

HaM:vr 6bIJia B3HTa w:vrp:vrHa HqeeK. Iloc.rre,z::i;HHH B K0HT

pOJibHOM rpyrrrre C0CTaB:vrJia B cpe,z:i;HeM 7,16±1,41 MKM, 

B 3KCrrep:vrMeHTaJibHOM - 31,98±6,77 MKM, T.e. pac

CT0HHJ1e Mem,z:i;y rryqKaM:vr J1 T0JIIIJ;J1Ha rryqK0B K0JIJia

reH0BbIX B0JI0K0H o6pa3QOB TMO B rrpou;ecce .rr:vrocp:vr

.rr:vr3au;:vr:vr rrpeTeprreBaIOT 3Ha q:vrTeJibHbie :vr3MeHeH:vrH. 

I13MeHeHJ1M cp:vr6poapx:vrTeKTOHJ1KJ1 B xo,z::i;e JIJ10-

cp:vr.rr:vr3aQJ1J1 He Ha6.rr10,z::i;a.rr:vr B aJIJI0TpaHCIIJiaHTa Tax, 

J13f0T0BJieHHbIX J13 ITJIOTHOM HeocpopM.rreHHOM coe,z::i;:vr

HJ1TeJibHOM TKaH:vr C Heop:vreHT:vrpoBaHHbIM TJ1II0M B0-

JI0KHJ1CT0ro 0CT0Ba (,z::i;epMa orropHbIX yqacTK0B CT0-

ITbI). Iloc.rre 06pa60TKJ1 TKaHb rrpo,z::i;o.rrmaJia coxpa

HHTb CJI0JK.HyIO rrpocTpaHCTBeHHYIO opraH:vr3aQJ1IO B 

B:vr,z::i;e e,z::i;:vrHoro TpexMepHoro rreperrJieTeH:vrR K0JIJia

reH0BbIX B0JI0K0H J1 rryqKQB. Orrpe,z::i;eJIRJICR J13BJ1JIJ1C

TbIM xo,z::i; K0JIJiareH0BbIX rryqK0B, CBR3aHHbIX Mem,z::i;y 

co6o.i1 pe,z::i;KOM ceTblO CBR3oqHbIX B0JI0K0H, J1 JIJ11lib 

J13pe,z::i;Ka BhlHBJIRJIJ1Cb 0T,D;eJibHhle rryqKJ1 K0JIJiare

H0BbIX B0JI0K0H JIJ1HeMHOM cpopMbl (p:vrc. 4). 

Puc. 3. TBep,n;aH M03roBaH o6oJio-r-ma. 

a - COJIJIITa pHbie rry-Y:KJII BOJIOKOH Mem,n:y CJIO.HMJII B Ha TJIIBHOM 

o6pa3u;e ' 6 - pbIXJia.H MeJIKOH-Y:eJIICTa.H ceTb KOJIJiareHOBbIX BO

JIOKOH aJIJIOTpaHCIIJiaHTa Ta IIOCJie JIJIIO(pJIIJIJII3au;1,11,1. 
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Pl/le. 4. ,n:epMa TIO,[l;OlllBbI CTOTibI. 

a - J/I3B MJU1CTbie pa3 H OHarrpa BJieHHbie rr y "l.!K M KOJIJiare H OBbIX B OJIOKOH , CBR 3 aHHbie ceTb IO TOHKJ/IX B OJIOKOH , B Ha TMBHOM 06p a3u;e ; 

6 - rrocJie JI J/IO(f)MJIM3au;MM H e K OT Opbre rr y "l.!KM rrpt1 0 6pe TaIOT 60.Jiee rrpRMOM x o ,n; , "l.! TO H e rr p MB O,ZJ;J/IT K M3M e H e H MIO CTP Y K TYPHbI X 
CB OMCT B ,n;e pMbI. 

IlpoQecc .rr11otjrn.rr113aQMM corrpoBom,n;aeTCR pa3-

.rr11qHbIMJ1 q_)J13J1qecKJ1MJ1 l1 XJ1MJ1qecKJ1MJ1 l13MeHeHJ1-

RMJ1 B TKaH.HX, K0T0pbie BJIMRIOT Ha MX rr.rraCTJ1qecKMe 

CBOJ1CTBa, B CBR3J1 C qeM 60JiblllOJ1 J1HTepec rrpe,z:i:cTaB

JI.HeT OQeHKa q_)J13J1KO-MexaHJ1qecKJ1X CBOJ1CTB Jil10q_)J1-

JIJ13MpOBaHHbIX coe,n:MHMTeJibHOTKaHHbIX aJIJIOTpaHC

rr.rraHTa T0B. Heo6xo,n;MMOCTb rro,z:i:o6Horo J1CCJie,n:oBaHMR 

rrpo,n;rrn:ToBaHa 11 3arrpocaMJ1 rrpaKTJ1qecKoi1 Me,n:MQM

HbI. J13yqeHJ1e rrpoqHOCTHbIX J1 ,z:i:etj:)opMa TJ1BHbIX 

CBOJ1CTB coe,n;MHMTeJibH0TKaHHbIX aJIJI0TpaHCITJiaHTa

T0B rro3B0.rr.HeT pelllaTb 3a,n;aq11 peKOHCTPYKTMBHoi1: 

x11pypr1111 11 TpaHcrr.rraHT0.rrornM [9 , 1 O]. CoxpaHeH11e 

o6o3Ha qeHHbIX Bblllle CBOJ1CTB RBJIReTCR BaJKHbIM 

tj:)aKTOpOM, o6yc.rrOBJIJ1BaIOI~J1M 3q_)q_)eKT KJIJ1HJ1qecKoro 

rrp11MeHeHJ1R. 

113MeHeHJ1.H rrpoqH0CTHblX CBOJ1CTB JIJ10q_)l1JIJ13MpO

BaHHbIX a.rr.rroTpaHCITJiaHTaT0B ITRT0qHoro cyxomMJIMR , 

lllMpoKoi1 tj:)acQMM 6e,z:i:pa , TMO Koppe.rr11p0Ba.rr11 c M3-

MeHeHMRMM MX tj:)116poa px11TeKT0HJ1KJ1: BbipameHHbie 

M3MeHeHMR B cTpyKType rrepeq11c.rreHHbIX a.rr.rroTpaH

crr.rrattTa T0B RBJIRJIMCb rrpJ1qJ1HOJ1 CHMJKeHMR rrpe,n;e.rra 

rrpoqHOCTJ1 J1 Mo,n;y JIR yrrpyrOCTM. TaK , cpe,z:i:Hee 3Ha

qeHMe rrpe,n;e.rra rrpoqHOCTJ1 JIJ10q_)J1JIJ13MpOBaHHOro a.rr-

JI0TpaHCITJiaHTa Ta ITRT0qHoro cyxomMJIMR no cpaBHe

HMIO C Ha Tl1BH0J1 TKaHblO CHJ13l1JI0Cb B 1 , 2 pa3a 

(p<0 ,05) , Mo,z:i:y.rrR IOttra - B 1,7 pa3a (p<0 ,05 ; CM. 

Ta6JIMQY ). Ilo.rryqeHHbie pe3y JibTa Tbl cor .rracyIOTCR C 

,n;aHHbIMJ1 f.11. KoTeJibHMKOBa J1 COaBT. [ 11], KOT Opbie 

TaKme 0TMeqaIOT CHMJKeHMe rrpoqHQCTHbIX IT0Ka3aTe

.rrei1 cyxom11.rr11i1: rroc.rre rrpoQecca .rr11otj:)11.rr113aQJ1J1. 

,I(.rrR tj:)acQMM 6e,z:i:pa rroKa3a TeJib rrpe,n;e.rra rrpoqHo

CTM JIJ10q_)J1JIJ13MpOBaHHbIX o6pa3QOB CHJ13J1JICR B cpe,n;

HeM B 1,4 pa3a (p<0 ,05 ), M o ,n;y.rrR lOHra - B 1,3 pa3a 

(p<Q,05 ; CM. Ta6JIMQy) . 

l1p11MeH11TeJibHO K TMO cH11meH11e yKa3aHHbIX 

IT0Ka3a Te.rrei1 C0CTaBMJI0 1, 4 l1 1, 2 pa3a C00TBeTCTBeH

HO (p<Q ,05 ; CM. Ta6JIMQy). 

Pe3y JibTa Tbl q_)l13J1KO-MexaHJ1qecKJ1X J1 CI1bITaHJ1J1 

Ha TJ1BHblX J1 JIJ10q_)J1JIJ13MpOBaHHbIX o6pa3QOB ,z:i:epMbl 

orropHbIX yqacTK0B CT0ITbl ,n;eM0HCTpMp0BaJIM coxpa

HeHMe rrpoqHQCTHbIX xa paKTepMCTMK JIJ10q_)J1JIJ13Mpo

BaHHbIX o6pa3QOB ( CM. Ta6.rrm . .1;y) . 

O6o6~a.H BbillleJ13JI0JKeHH0e , M0JKH0 3aKJIIOqJ1Tb , 

qTo B 113yqeHHbIX a Ha TOMJ1qecKJ1X 3.JieMeHTax B xo,n;e 

JIJ10q_)l1JIJ13aQMJ1 rrpOMCXO,ZJ;RT pa3JIJ1qHbie CTPYKTyp

Hbie rrpeo6pa30BaHJ1.H , K0T0pbie , Ha Halll B3fJIR,[I; , 3a-

noKa3aTBJ7//1 cfJ//13//IKO-MexaH//ll.(BCK//IX CBOll1CTB H8T//18Hb/X //1 17//IOc/)//117//13//IPOBaHHb/X a11110TpaHcn11aHTaTOB ( M±m) 

Il.HTOT.JHoe cyxmK11JIMe: 

HaTJ1BHOe 

Jll10q>l1JIJ1311pOBaHHOe 

llfapoKa.H q>ac~m16e,n:pa: 
HaTJ1BHa.H 

Jll10q>l1Jil1311pOBaHHa.H 

TMO: 
HaTJ1BHa.H 

Jll10<pl1Jil1311pOBaHHa.H 

,II:epMa rro,n:OllIBhl CTOIIhr: 
HaTJ1BHa.H 

Jil10<pl1JIJ1311pOBaHHa.H 

Ilpe,n;e.JI npo"IH0CTM, 
MIIa 

17,40±1,74 

14,30±2,42 

8,10±10,18 

5,90±4,85 

12,20±0,85 

8,9±3,16 

9,00±1 ,29 

8,80±1,91 

OTHOCJ.1TeJibHOe y,n;JIJ.1HeHJ.1e, 
% 

16,30±0,57 

22,40±5,83 

45,50±0,95 

43,40±0,79 

20 ,5±0,12 

19,1±4,57 

52,6±6,15 

50,1±7,70 
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Mo,n;ym, ynpyrocTJ.1 IOHJ'a, 
MIIa 

106,80±6,95 

64,70±5,43 

17,50±21 ,82 

13,60±11,48 

63 ,1±2,79 

50,4±25,15 

17,00±1,59 

16,90±2,30 
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BMC HT OT MCXO,ll;HOJ.1 qm6p o a pxMTeKTOHJ1KJ1 TKa HeJ.1 M 

HaJIJ1qJ15I OCHOBHOro Be~ eCTBa. HaM60Jiee BbipameH

Hbie J13MeHeHMH qm6p oa p xMTeK T OHJ1KJ1 J1 rrpoqHOCT 

HbIX CBOMCTB B rrpou;ecc e JIJ10(pl1JIM3au;MM rrpoMCXO,ll;HT 

B TKaHHX C opMeHTMpOB aHHbIM T MIIOM BOJIOKHMCTOrO 

OCTOBa (IIHTOqHoe cyxomMJIMe). B TKaHHX co CMeIIIaH

HbIM TMIIOM BOJIOKH MCTOr o OCT OBa (wMpoKaH cpacu;MH 

6e,n;pa, TMO) yKa3aHHbie M3MeHeHMH HOCHT MeHee 

BbipameHHbIJ.1 xa paKTep . II pocTpaHCTBe HHbIJ.1 H eopM

eHTMpoBaHHbIJ.1 TJ!III B OJIOKHM CTOr O OC T OB a ,n;epMbI 

orropHbIX yqacTKOB CTOIIb I 0 6 e crre q J1Bae T coxpaHe HMe 

a pXMTeKTOHMKM J1 IIJiaCTJtiq ecKMX CBOJ.1CTB B rrpo u;e cc e 

JIJ10(pl1JIJ13aIJ;J1J1. 

HaJIJ1qJ1e J1 KOJIJtiqe c T B O M OJieKy JI BO,ZJ;b l B COCTaBe 

OCHOBHOro Be~eCTBa coe,ZJ;MH MTeJib HOJ.1 TKaH M, B KOTO 

poe rrorpymeHbl rryqKJ!I KOJIJiareHOBbIX B OJIOKOH , ITO 

HaIIIeMy MHeHMIO, TaKme BbICTyrraIOT B KaqecTB e cpaK

TOpOB, BJIMHIO~MX Ha coxp aHHOCTb cp!16poap xI1TeK

TOHJ1KJ1 aJIJIOTpaHCIIJiaHTa TOB B rrpou;ecce JIMO(pl1JIJ1 -

3au;MJ1. M3BeCTHO, qTo KOMIIOHeHTbI OCHOBHOro Be~e 

CTBa - r JIJ1K03aMMHOr JIMKaHbI J1 r JIJ!IKOIIpOTeMHbI 

06ecrreqJ1BaIOT CTa6MJib HOCTb CBH3M J1 rrpocTpaHCTBeH

HYIO CTPYKTYPY KOJIJiareHOBbIX BOJIOKOH M o rrp e ,n;e JIH

IOT MexaHJtiqecKMe CBOJ.1CTBa coe,ZJ;MHMTeJib HOJ.1 T KaHM , 

TaKMe KaK rrpoqH0CTb , yrrpyrocTb [12 ]. P a3JIJ1qHbie 

TMIIbI coe,n;MHMTeJib HOJ.1 TKaHM co,n;epma T pa3JIJ1qHo e 

KOJIJtiqecTBO ocHOBHoro Be~ecTBa. TaK, H .II. OMe JibH

HeHKO J1 coaBT. [13] yKa3bIBaIOT, qTO B cyx o m MJIMHX 

Mem,n;y rryqKaMM KOJIJiareHOBbIX BOJIOKOH c o ,n;e pmMT

CH HaMMeHbIIIee KOJIJtiqecTBO OCHOBHOro B e ~ e CTBa. B 

TMO M cpacu;MM 6e,n;pa rrpM OTHOCMTeJibHO He60JibIIIOM 

TOJI~MHe, ,ZJ;OCTaToqHo IIJIOTHOM pacrroJiomeHMM rry q

KOB KOJIJiareHOB bIX BOJIOKOH J1 MHOrOCJIOJ.1H OCTJ1 ,ll;OJIH 

OCHOBHOro Be~eCTB a TaKme HeBbICOKa [ 14, 15 ]. B ,n;e p

Me orropHbIX y q acTKOB CTOIIbl KOJIJiareHOBbie B OJIOKHa 

M o6pa3oB aHHb ie MMM rreperrJieTaIO~MecH rryqKJtI rro

rpymeHb I B OCH OBH Oe B e~eCTBO, KOJIJ!IqecTBO KOTOpo

ro B ,n;Ba pa3a BbIIIIe, q eM B o6oJioqKax M cpacu;MHX 

[ 16]. OKpymaH BOJIOKH MCTb ie CTPYKTYPbI, OCHOBHOe 

Be~eCTBO CTa6MJIJ13MpyeT MX rrpocTpaHCTB e HHOe rro 

JIO)KeH Me M o6'b e,ZJ;MHHeT B e,n;MHb IJ.1 KOMIIJieKC, BblIIOJI

HHH pOJib MemcpM6p MJIJIHp Horo «u;eMeH TMP Y IO~ero » 

Be~ecrna [12, 13]. 
P e3y Jib Ta TOM BbICY IIIMB a H MH TKaHeM B rrpou;ecce 

JII10(pl1JIJ13au;MM HBJIHeTCH ,n; e r M,n;pa TaIJ;MH aMopcpHoro 

MaTp MKCa , OKp ymaIO~ero K OJIJiare H OBbie BOJIOKHa, T.e. 

IIOTepH e r o «u;eMeHTMPYIO~MX » CBOJ.1CTB. IIpM pa3py

w e H MJ1 OCHOBHOro Be~eCTBa KOJIJiareHOBbie BOJIOKHa 

p a crra,n;aIOTCH Ha OT)];eJibHbie cpI16 pMJIJibI , rrpOMCXO)];J!IT 

,n;e3opraHM3aIJ;MH rryqKOB KOJIJiareHOBbIX BOJIOKOH , qTo 

rrpMBO,ll;MT K Ha pyweHMIO rrpocTpaHCTBeHHOJ.1 opraHJ1-

3aIJ;MJ1 TKaHM J1 CHMmeHMIO rrpoqHOCTHbIX xa paKTepM

CTMK. Bb1pameHHOCTb cTpyKTYPHbIX rrpeo6pa3oBaHMM 

T KaHM orrpe,n;eJIHeTCH CTerreHblO Ha qaJibHOJ.1 rM,n;pa TJ1-

poBaHHOCTJ1 OCHOBHOrO Be~eCTBa. 

IIoJiyqeHHbie B xo,n;e HaCTOH~ero MCCJie,ZJ;OBaHMH 

,n;aHHbie IIO3BOJIJ1JIJ1 orrpe,n;eJIMTb IIOKa3aHMH K rrpMMe

HeHMIO JIJ10(pl1JIJ13I1pOBaHHbIX coe,n;MHMTeJibHOTKaHHbIX 

aJIJIOTpaHCIIJiaHTa TOB B KJIMHJtiqecKOJ.1 rrpaKTMKe. II pe

o6pa30BaHMH CTPYKTYPhl M rra,n;eHMe rrpoqHoCTHhlX 

xa paKTepMCTMK JIJ10(pl1JIJ13I1pOBaHHbIX coe,n;J1HJ1TeJib

HOTKaHHbIX aJIJIOTpaHCIIJiaHTa TOB IIHTOqHoro cyxomM

JIMH , rnMpOKOM cpacu;MM 6e,n;pa M TMO HBJIHIOTCH cy

~ e cTBeHHbIM orpaHJtiqeHMeM B J1CIIOJib3OBaHMJ1 MX B 

yKpe rrJIHIO~MX orrepau;MHX, r,n;e OCHOBHYIO pOJib Mrpa

IOT (pl13 J1KO-MexaHJ1qecKJ1e CBOJ.1CTBa TKaHeJ.1. YKa3aH

Hbie aJIJIOTpaHCIIJiaHTa Tbl MO)KHO peKOMeH,ll;OBa Tb ,ZJ;JIH 

3aIIOJIHe HMH o6oeMHbIX ,n;ecpeKTOB TKaHeM, B Ka qecTBe 

yKpbIBHbIX MeM6paH, 6MOHOCMTeJieJ.1 )];JIH KYJibTYP KJie

TOK [17-19]. 
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TaKMM o6pa30M, M3MeHeHMH cTpyKTYPHbIX M rrpoq

HOCTHbIX CBOJ.1CTB coe,ZJ;MHMTeJibHOTKaHHbIX aJIJIOTpaH

CIIJiaHTa TOB , pa3BJ1BaIO~MeCH B rrpou;ecce JIMO(pl1JIJ1-

3 au;MJ1 , 3aBJ1CHT OT crreu;McpJ1qHOCTJ1 cpI16poapxMTeK

TOHJ1KJ1 TKaHeJ.1 , T.e. TMIIa BOJIOKHMCTOro OCTOBa, J1 Ha

JIJ1qJ15I OCHOBHOro Be~eCTBa. JIMO(pl1JIM3au;MH B 60Jib

IIIeJ.1 CTe rreHM 3 a TparMBae T cpI16poa pxMTeKTOHMKY aJI

JI OTpa H C IIJia HTa TOB , J1 3 fOTOBJieHHblX !13 IIJIOTHOJ.1 

ocpopMJieHHOJ.1 coe,ZJ;MHMTeJibHOJ.1 TKaHM C opMeHTMpo

BaHHbIM (rrHTOqHoe cyxomMJIMe) J1 CMeIIIaHHbIM (IIIM

poKaH cpacu;MH 6e,n;pa , TMO) TMIIOM BOJIOKHMCTOro oc

TOBa , TOr,n;a KaK y aJIJIOTpaHCIIJiaHTaTOB, J13fOTOBJieH

HhlX !13 IIJIOTHOJ.1 H e ocpopMJieHHOJ.1 coe,n;MHMTeJibHOJ.1 

TKa HM C H e opMe HTMpOBaHHbIM TMIIOM BOJIOKHMCTOro 

OCT OBa (,n;epMa orropHbIX yqacTKOB CTOIIbI), rro,n;o6HbIX 

J13MeHeHMJ.1 He Ha6JIIO,ZJ;aeTCH. II poqHOCTHbie xa paKTe

pI1CTJ1KJ1 M3yqeHHhlX JII10(pl1JIJ13I1pOBaHHhlX aJIJIO

TpaHCIIJiaHTa TOB Te CHO KoppeJIMPYIOT c MX cpI16poa p

XMTeKTOHMKOJ.1: Bb1pameHHb1e cTpyKTYPHbie M3MeHe

HMH corrpoBom,n;aIOTCH CHMmeHMeM rrpe,n;eJia rrpoqHo

CTM J1 MO,ll;YJIH yrrpyrOCTJ!I (IIHTOqHoe cyxomMJIMe, 

TMO, IIIMpoKaH cpacu;MH 6e,n;pa), a coxpaHeHMe cTpyK

TYPbI (,n;epMa orropHbIX yqacTKOB CTOIIbI) 06ecrreqJ1-

BaeT coxpaHeHMe rrpoqHOCTHbIX xapaKTepMCTMK ,n;aH

HOrO aJIJIOTpaHCIIJiaHTa Ta. 
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3KCIIEPMMEHTAJihHOE MO,UEJIMPOBAHME IIPOUECCOB PEIIAPATMBHOM PEfEHEPAUMM 
COE,UMHMTEJihHOM TKAHM B HEEJIAfOIIPMHTHhIX YCJIOBMHX 

M.B. Bilacoe, C.H. Ey2poe, A.E. Eo20cbflH, H.B. MycuxuHa 

ct>fBY «IlpMBOJDKCKMM cpe,z:i;epaJihHbIM Me,z:i;m.J;MHCKMM :wccJie,z:i;oBaTeJihCKMM I.J;eHTp » MMH3,z:i;paBa Pocc1,11,1, 

HmKHMM HoBropo,z:i; , Poccm=i 

aeflb HGCmOfUll,eU pa6ombl - pG3pa6omamb 3KCnepuMeHmGflbHYIO Moaeflb nonepe'-iHOU meH0-

m0MUU c nepece11eHueM rjJacu,uaflbHbLX 060J1011eK, 6pbt:J1Cee11HbLX cocyaoe u u3y11umb npou,eccbt 
penapamueHou pe2eHepau,uu coeauHumeflbHOU mKaHu e co3aaHHbLX ycJ1oeu51x. 3KcnepuMeHm 
6btnOJZHeH HQ 25 Kp0ilUKQX nopoabt IIIuHlUUflflQ 06oe20 nofla 6 603pacme 1 Mee MQCCOU 
1376±124,8 2. ff3y11eHue npo4eccoe penapamueHou pe2eHepau,uu n.Hmo11Ho20 cyxo:J1Cuflu.H e 
He6J1a20npU.HmHbtx ycfloeu.Hx ocyUt,ecmefl.HflU Ha 15, 21, 30, 60 u 9O-e cymKu nocfle onepau,uu. 
Pe3yflbmambL 2ucmoMopcpoJ102U11ecK020 uccfleaoeaHu.H noKa3afl u, 11,mo e me11eHue 30 cym nocfle 
meH0m0MUU npoucxoaum 3QMeUt,eHUe 30H bl aerpeKma pb!XflOU 60flOKHUCmOU 602amou KflemKa

MU nocmeneHHo co3peea10Ut,eu coeauHumeflbHou mKaHblO. K ucxoay 60 cym 3Ha11umeflbHa.H 
'-iQCmb aerpeKma 6btn0flH.HemC.H nflOmHOU 60flOKHUCmOU coeauHumeflbHOU mKGHblO, npuo6pe

ma10Ut,eU py6u,oebLU xapaKmep. Ha 9O-e cymKu noCJle meHomoMuu Ha6J110aaemC.H o6pamHoe 
pa3eumue 30Hbl aecpeKma, npoucxoaum 0'1Q2060e 3QMeUt,eHUe nfl OmHOU 60flOKHUCmOU mKGHU 

pb!XflOU HeorpopMileHHOU coeauHumeflbHOU mKGHblO C wcmuou,umaMU, JlUMcpouaHblMU Kflem
KQMU u BKfllO'-ieHU.HMu 011a20e 'JICupoeou Kflem11amKu. I'ucmoJ1 02u11ecKoe cmpoeHue npenapama 
Ha 3moM cpoKe yKa3bteaem Ha omHocumeflbH0 HU3KYIO e20 MexaHu11ecKy10 npo11Hocmb. lloJ1y-
11eHHb1e C n0M0Ul,blO 3KCnepuMeHmGflbHOU MoaeflU aaHHbLe n0360flUJlU aoKQ3Qmb, 11,mo 6bLn0JlHe

HUe meHom0MUU C mpaeMamu3au,ueu 0K0Jl0CYX0'JICUJlbHblX mKaHeU ompuu,ameflbH0 CKQ3bl6Q

emC.H Ha auHaMuKe u xapaKmepe penapamueHbLX npou,eccoe e 30He cyxo:J1CUflbH020 aerjJeKma. 

K JI IO Y. e Bbl e C JI OB a : 3KCnepMMeHTaJibHa51 MO,UeJib, pereHepaumi TI51TO'-IHOf0 cyxmKM

mrn, MopcpoJionur, KpOJIMKJ1. 

Experimental Modelling of the Processes for Connective Tissue Reparative Regeneration 
under Unfavorable Conditions 

M. V Vlasov, SN. Bugrov, A.B. Bogos'yan, I. V Musukhina 
Nizhny Novgorod Research Institute of Traumatology and Orthopedics, 

Nizhniy Novgorod , Russia 

The purpose of the work was to elaborate experimental model for transverse tenotomy with 
intersection of facial membranes and mesenteric vessels as well as to study the process of 
connective tissue reparative regeneration under created conditions. Experiment was petformed 
on 25 chinchilla rabbits of both sexes, aged 1 month with weight 1376 ± 124.8 g. Processes of 
Achilles tendon reparative regeneration was studied on days 15, 21, 30, 60 and 90 after 
operation. Histomorphologic study showed that within 30 days after tenotomy the substitution of 
defect zone with friable , reach in cells and gradually maturating fibrous tissue took place. By the 
end of day 60 a considerable part of the defect was substituted by dense fibrous connective tissue 
assumed a scar pattern. On day 90 after tenotomy a reverse development of the defect zone with 
focal substitution of dense fibrous tissue by friable unformed connective tissue containing histio
cytes, lymphoid cells and inclusions of fatty tissue foci was observed. At that term histologic 
structure of the specimen showed its relatively low mechanical strength. The achieved data 
enabled to demonstrate that petformance of tenotomy with traumatization of peritendinous 
tissues adversely affected the dynamics and pattern of reparative processes in the tendinosus 
defect zone. 

Key words: experimental model , Achilles tendon regeneration, morphology, rabbits. 

Borrpoc o pereHepauJ1J1 cyxomMJibHOM TKaHM ,n;o c11x 

rrop HeJib3R C"C.JMTa Tb perueHHb!M. MccJie,n;oBaHMR MHO

fMX aBTOpOB 3aTparMBaIDT acrreKThl perrapaTMBHOJ1 

pereHepau1111 cyxo:m11JI1111 [ 1 -4 ]. B To me BpeMR ca Ma 

crroco6HOCTb cyxo:>KMJibHOJ1 TKaHM K perrapaTMBHOJ1 

pereHepau;1111 OCTaeTCR rrpe,n;MeTOM ,[l;J1CKycc1111. TaK, 
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O,[l;HJ1 MCCJie,r:i;oBa Te JIM C"C.JMTaIDT' "9:TO ,D;JIR cyxO:>KJ1Jib

HOJ1 TKaHM He xa paKTepHa J1CTJ1HHaR pereHepau;MR J1 

ITOJIHOCThID MCKJIID-Y:aeTCR BO3MO:>KHOCTb TpaHCq:>OpMa

I..J;J1J1 coe,r:i;MHMTeJibHOTKaHHOro pereHepa Ta B rryqKOBbie 

cTpyKTYPbI cyxo:mMJIMR [ 5, 6]. ,II:pyrne aBTOpbr yKa-

3hIBaroT Ha BO3MO:>KHOCTb o6pa30BaHJ1R cyxo:mMJihHbIX 
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rrr-rKOB l13 KJieTOK IIOBpem,n;eHHOro cyxomMJIMR, qTQ 

CBMl,n;eTeJibCTByeT 06 MCTMHH0M xapaKTepe pereHepa-

1.l;MM cyxomMJibHOJ.1 TKaHM [ 7, 8]. 

B II0CJI~,ll;HMe r0,l];bl B ,n;eTCKOJ.1 opTorre,n;MM umpoKoe 

pacITpOCTpaHeHMe ITOJiyqMJIM MeTO,D;hl MaJIOMHBa3MB

HbIX xr1pyprr1qecKMX BMerna TeJibCTB. Har160Jibllll1J1 

MHTepec ITpe,n;cTaBJIReT MeT0,D;MKa KoppeKIJ;MM ,n;ecpop

MaIJ;MJ.1 CT0IT ITPM Bpom,n;eHHOJ.1 K0C0JiaIT0CTM 3TaITHbl

Ml1 rMITCOBbIMM ITOBR3KaMM ITO IloHCeTM, 3aKJIIOql1TeJib

HbIM 3TaITOM KOTOpOH RBJIReTCR ITO,D;KOmHaR ITOITepeq

HaR axMJIJIOTOMMR, BbIITOJIHReMaR qepe3 ToqeqHbIJ.1 

ITp0K0JI KOmM, 6e3 aHa T0MMqecKoro BbI,l];eJieHMR ITe

peceKaeMbIX cTpyKTYP [ 9-11]. II poBe,n;eHMe IT0,n;o6Hb1x 

OITepau;r1i1: Tpe6yeT OT xr1pypra BbICOKOJ.1 TQqHQCTM 

MCIT0JIHeHMR, IT0CK0JibKY BMerna TeJibCTB0 COITpRmeHO 

C BbIC0KMM pMCK0M IT0Bpem,n;eHMR 0K0JI0cyxomMJib

HbIX TKaHeM. Pa6oT ' IT0CBRIU;eHHbIX r13yqeHMIO pere

Hepau;MM cyxomMJibHOJ.1 TKaHM B ycJI0BMRX IT0Bpem

,n;eHMR CMH0BMaJibHbIX 060.JioqeK l1 6pb1meeqHbIX co

cy,n;oB Mbl He BCTpeTMJIM. IIpe,n;cTaBJieHHbie B JIMTepa

Type 3KCITepMMeHTaJibHhle MO,n;eJIM ITOBpem,n;eHMR 

axMJIJIOBa cyxomMJIMR 3aKJIIOqaIOTCR B BbIITOJIHeHMM 

pa3pe3a KOmM Ha ITPOTRmeHMM (,n;o 5-7 CM) C llll1p0-

KOJ1 BM3yaJIM3au;r1ei1: axMJIJI0Ba cyxomMJIMR ,n;JIR ero 

IT0CJie,n;yIOIIJ;ero ITepeceqeHMR [ 12]. 3KcITepr1MeHTaJib

Hb1e MCCJie,D;OBaHMR, ITOBTOpRIOIIJ;Me KJIMHMqecKyIO CM

Tyau;MIO BbIITOJIHeHMR ITOITepeqHQJ.1 axMJIJIOTOMMM l13 

ToqeqHoro K0mHoro pa3pe3a, 0TCYTCTBYIOT. 

UeJib HacTORIIJ;ei1 pa6oTbI - pa3pa6oTa Tb 3KCITe

pr1MeHTaJibHYIO MO,n;eJib ITOITepeqHQJ.1 TeH0TOMMM C 

ITepecet.-IeHMeM cpacu;MaJibHbIX 060.JioqeK, 6pb1meeq

Hhlx cocy,n;oB M M3Yt.-IMTb ITpou;ecchl peITapaTMBHOM 

pereHepau;MM coe,n;MHMTeJibHOJ.1 TKaHM B C03,D;aHHbIX 

YCJI0BMRX. 

MATEPMAJI 11 METO,Ubl 

3KCITepMMeHT ITOCTaBJieH Ha 25 KpOJIMKax IT0p0,ll;bl 

llIMHIIlMJIJia o6oero IT0Jia B B03pacTe 1 Mee MaCCOJ.1 

TeJia 1376±124,8 r. YcJIOBMR co,n;epmaHMR r1 K0pM

JieHMR 3KCITepMMeHTaJibHbIX )KMBOTHbIX COOTBeT

CTB0BaJIM «CaHMTapHbIM ITpaBMJiaM ITO ycTpoi1:cTBY, 

o6opy,n;oBaHMIO l1 co,n;epmaHMIO 3KCITepr1MeHTaJibH0-

6r10Jiorr1qecKMX KJIMHMK » , yTBepm,n;eHHbIM Ilpr1Ka30M 

M3 CCCP M> 1179 OT 

10.10.1983. - MccJie,n;oBaHMR 

BbIITOJIHRJIM B COOTBeT

CTBMM C MeTo,n;r1qecKMMl1 

peKOMeH,n;au;MRMM «,UeoH

T0JIOrMR Me,n;MK0-6MOJIOrl1-

qecKoro 3KCITepr1MeHTa » 

(1987), a TaKme c co6JIIO

,n;eHMeM ITpaBMJI ryMaHH0ro 

o6paIIJ;eHMR c )Kl1BOTHbIMl1 

(Report of the A VMA 

Panel on Euthanasia 

JAVMA, 2001). 

6pb1meeqHbIX cocy,n;oB axMJIJI0Ba cyxomMJIMR rrpr1 

BbIIT0JIHeHMM ITO,ll;KOmHOM TeH0TOMMM. IIo,n;o6HbIM o6-

pa30M MO,D;eJIMpOBaJIM CMTyau;MIO, B03HMKaIOIIJ;YIO B 

xo,n;e MaJIOMHBa3MBHbIX OITepau;r1i1: ITO KOppeKIJ;MM ,n;e

cpopMaIJ;MM CT0IT y ,n;eTeM. 

B xr1pyprr1qecKOJ1 CTa,D;MM HapK03a BhlIIOJIHRJIM 

ITpo,n;OJibHbIJ.1 pa3pe3 KO)KM l1 ITO,n;JiemaIIJ;MX TKaHeM 

,ll;JIMHOJ.1 ,n;o 0,3 CM ITO 3a,n;HeJ1 IT0BepXHOCTM roJieHM B 

ITpoeKIJ;MM ITRTQqHoro cyxomMJIMR. Br13yaJIM3MpOBaJIM 

cyxomMJIMe' He BbI,D;eJIRR ero l13 CMH0BMaJibHbIX 060-

JI0qeK. JlaITy )KMB0TH0ro BbIB0,ll;MJIM B IT0JI0meHMe 

TblJibHOJ.1 (pJieKCMM, ocyIIJ;eCTBJIRR MaKCMMaJibH0e Ha

TRmeHMe ITRTQqHoro cyxomMJIMR. f Jia3HbIM CKaJibITe

JieM ITp0M3B0,ll;MJIM IT0ITepeqHoe ITepeceqeHMe cyxomr1-

JIMR Ha 1 CM Bblllle MeCTa ero ITpMKperrJieHMR K 6yrpy 

ITRToqHoi1 KOCTM M3HYTPM KHapymr1 M CHM3Y BBepx 

C IT0Bpem,n;eHMeM ero CMHOBMaJibHbIX 060.JioqeK l1 6pbI

meeqHbIX cocy,n;oB (pr1c. 1). 

3a TeM JiaITe )KMBOTH0I'O ITpM,n;aBaJIM IT0JI0meHMe 

TblJibHOJ.1 cpJieKCMM, cpopMMPYR ITPM 3TOM ,n;MaCTa3 

Mem,n;y K0HIJ;aMM cyxomMJIMR pa3MepoM 1 CM, l1 Ha

KJia,l];bIBaJIM O,D;MH lll0B Ha Komy. 

MMM06MJIM3aIJ;MIO orrepr1poBaHHOJ1 K0HeqHQCTM 

ocyIIJ;eCTBJIRJIM rMITCOBOJ.1 ITOBR3KOJ1 OT BepxHeM Tpe

TM 6e,n;pa co CTOITOJ.1 B IT0JiomeHMM TblJibHOJ.1 cpJieKCMM 

JiaITbl r1 crr16aHMR B KOJieHH0M cycTaBe Ha cpoK 2 He,n; 

(pMC. 2). 
KpoJIMKOB co,n;epmaJIM B KJieTKax B ycJIOBMRX BM

Ba pMR ITPM CHMmeHHbIX cpyHKIJ;MOHaJibHbIX Harpy3Kax 

Ha HM)KHMe K0HeqHQCTM. 

l!\MBOTHbIX BbIBO,ll;MJIM l13 0ITbITa Ha 15, 21, 30, 60 l1 

90-e cyTKM IT0CJie oITepau;r1r1 (ITo 5 oco6ei1:). fr1cTOJIO

rr1qecK0My MCCJie,D;OBaHMIO ITO,D;BepraJIM 30HY pereHe

pa Ta, 06pa3y10IIJ;yIOcR Mem,n;y K0HIJ;aMM ITepeceqeH

Horo cyxomMJIMR. Ma Tep Ma.JI MCCJie,n;oBaJIM IT0CJie 

ITpe,n;Ba PMTeJibHOJ.1 (pl1KCaIJ;Ml1 B pacTB0pe HeHTpaJib

H0ro cpopMaJIMHa. ,UeKaJibIJ;MHaIJ;MIO ITPOBO,D;MJIM C l1C

IT0Jib30BaHMeM cpe,n;b1 Biodec-R ( «Bio-Optica » ). CTaH

,n;a PTHYIO rMCT0JI0rMqecKyIO ITPOB0,n;Ky BbIIT0JIHRJIM Ha 

aITITapaTe Excelsior ES ( «Thermo Scientific » ). 3aTeM 

l13f0T0BJIRJil1 ITapacpMHOBbie 6JIOKM C l1CITOJib30BaHM

eM 3aJIMBoqHoi1 cTaHIJ;MM HistoStar ( « Thermo 

Scientific » ). Cepr1i1:Hb1e cpe3bI TOJIIIJ;MHOM 4-6 MKM 

B ycJIOBMRX 3KCITepM

MeHTa 6bIJia CM0,D;eJIMp0Ba -

Ha CMTyau;MR ITOBpem,n;eHMR 

cpacu;MaJibHbIX 060.JioqeK l1 

Puc. 1. Orrepa TMBHoe BMerna TeJibCTB0 Ha axMJIJI0B0M cyxomMJili11i1. 

Puc. 2. MMM061i1JIJi13au;MR orrep1i1p0BaHHOJ1 K0HeqH0CTli1 Kp0JIMKa fli1ITCOBOJ1 JiaHreTHOJ1 

I10BR3KOJ1. 
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ITOJiyqaJI11 Ha MMKpoToMe M icrom HM 325 ( «Ther m o 

S cientif ic » ) . Cpe3bI 0KpaurnB aJI11 r e M aTOKCMJIMHOM 11 

803MH OM , ITO BaH-fM30HY 11 3aKJIIOq aJI11 B MOH T11pyro

r.u;yro c p e ,ny. M11KpOCKOIT11poBaH11e 11 q:>OT O,lJ;OKyM e H

TMpOBaHMe ITPOBO,[1;11JIJ1 C MCITOJib3OBaHMeM M Opcpo M eT

p11qec Koro K OMITJieKca Leica DMR. 

PE3YJihTAThl J1 OBCYm ,UEHJ1E 

Y :>KMB OTHbIX, BbIBe,neH H bIX 113 8KCITep11MeHTa qe

pe3 15 cyT ITOCJie T e HOTOMMM, B 30H e ,necpeKTa KOH

CTa TMpOBa JIM cpopM11poBaH11e ITJIOTHOJII BOJIOKH HCTOJII 

coe,nMH MTeJibHOJII TKaHM C o q arOB bIM M BKJIIOq eHMH MM 

:>KMpOBOJII KJieTl:.!a TKM C HaJIMl:.!MeM ,n11cpcpy3HO-Ol:.!aro

BbIX CKOITJieHMJII 113 JIMMq:>011,lJ;Hb IX KJieTOK, cp116po6-

JiaCTOB l1 f MCTMOLI;MTOB. H a 8TOM cpoHe o rrp e,neJIH-

JIMCb MHOfOl:.!M CJie HHbie cocy ,nbI , l:.!aCTb 113 KOTOpbIX 

ITOJIHOKpOBHa. 

Co6CTBe HHO c yxomMJibHaH TKaHb , ITPMMbIKaror.u;aH 

K 3OHe ,ne cpeKTa·, xapaKTe pM3 OBaJiaCb HaJI11q11eM BbI

p ameHHbIX ,l];MCT pocp11qecKMX l13M e H e HMJII C Ha6yxa -

HMeM BOJIOKOH , CJia6o BOCI1p11HMMaIOI.IJ;MX KpaCMTe JIM , 

B qacTHOCTM cpyKCl1H rrp11 OKpacKe ITO Batt-fl130Hy. 

,U11cTpocp11qe cK11 l13 MeHeHHbie cyxo:>KMJibHbie BOJIOK

H a ITepe M e :>KaJil1Cb C 11Hq:>MJibTpa Ta MM 113 MOJIO,l];bIX 

cp116po6JiaCTOB l1 JIMMq:>011,l];HbIX KJie TOK (p11c. 3). 
K 11cxo,ny 21 cyT B MMKporrpe rra pa Tax B ITep11cpo 

KaJibHOJ11 3OHe ,ne cpe KTa coxpaH.HJil1Cb H e MHOroq11cJie H

Hbie B3 aMMHO rra paJIJieJibHO opMe HTMpOBaHHbie cyxo

:>KMJibHbie BOJIOKHa C ITOCTerreHHbIM 3 aMer.u;eHMeM MX 

pbIXJIOJII coe ,nMHMTe JibHOM TKaHbIO l1 m11poBOJII KJieT

qa TKOJII (p11c. 4). Cpe,n11 pbIXJIOM 

BOJIOKHl1CTOJII coe,nMHMTeJibHOM 

TKaHM orrpe ,ne JIHJIOCb 60Jibll10e 

KOJI11qecTBO cocy,noB KaITMJIJIHp

HOrO TMITa , fMCTMOLI;MTOB, MaKpo

cparoB , 803MHO(pl1JIOB , ITJia3MaTM

qecKMX l1 JI11M(p011,lJ;HbIX KJieTOK. 

IIepecTpOMKa yqacTKOB cyxo

:>KMJihHOM TKaHM, rrpMMbIKaIOI.IJ;MX 

K 30He ,necpeKTa, corrpoBom,na

Jiacb aKTMBHhIMM rrpoJIMCpepa

TMBHbIMM ITpou;eccaMM B 3OHe ca

Moro ,necpeKTa. 

CITycTH 30 cyT OT HaqaJia Ha-

6Jiro,neHMH ,l];MCTpocp11qeCKMe 113-

MeHeHMH 3aXBaThlBaJIM l1 y,na

JieHHhie OT 3OHhl ,necpeKTa yqac

TKM cyxo:>KMJihHOJII TKaHM. BoJIOK

Ha B 8TMX MeCTax rrp1106peTaJIM 

BOJIHMCTbIM xa paKTep. II p11 8TOM 

caMM BOJIOKHa cyxo:>KMJIMH CTa

H OB 11 JI 11 Cb xpoMocpo6HhlMM 11 

BhirJI.H,l];eJIM Ha6yxll1MMM, B TO me 

BpeM.H 11HTeHCMBHO OKpailleHHhie 

BOJIOKHa CTaHOBMJil1Cb 6oJiee 

ITJIOTHbIMM 11 yMeHhillaJIMCb B ,[1;11-

aMeTpe (p11c . 5, a). 

P1t1c. 3. 15- e cy TKJ1 :mcrrep 11MeHTa. ,I(ecTp yKTJ1BHbie J13MeHeHJ1H cy x0:>KJ1JlbHbIX B0-
JI0K0H. OKp acKa n o B aH-f1130Hy . x 200. 

3oHa ,necpeKTa 3aITOJIH.HJiaCb 

KOJIJiareHOBhIMl1 BOJIOKHaMM C 

60Jihilll1M KOJIJ1qecTBOM pa3HO

B03paCTHhIX cp116po6JiaCTOB C co

xpaH.HBillMMMCH yqacTKaMM pbIX

JIOJII HeocpopMJieHHOJII coe,nl1Hl1-

TeJihHOJII TKaHM (p11c. 5, 6) , l:.!TO 

HBJI.HeTCH ITPl13HaKOM Hal:.!aJib

HbIX rrpOHBJieHMJII o6pa30BaHMH 

MOJIO,l];OJII py6u;oBOJ1 TKaHM. Ta-P1t1c. 4. 21-e cyTKJ1 3KCrrep 11MeHTa. IIep ecTpOMKa cyxo:>KJ1JibHbIX B0JI0K0H. X 100. 

3,n;ecb J1 Ha p11c. 5- 7 OKpacKa r e M aTOKCJ1JIJ1H OM J1 303J1H OM. 

P 1t1c. 5. 30 - e cyTKM 3Kcrrep 11MeHTa. x 100. 

a - ,ll;J1CTp o cpw-1ecK11e J13MeH e H J1R y ,n;aJieHHbIX OT 30Hbl ,n;e cpe KTa cyxomMJibHbIX B OJIOKOH , 

6 - o6p a30B a H J1e K OJIJia reHOBbIX BOJIOKOH B 30H e ,n;e cpe KTa. 

P11c. 6. 60- e cy TKJ1 3KCrrep11MeHTa. O6pa30BaHJ1e B 30He ~eq:>eKTa q:>116p03HOM TKaHJ1 

py6~oBoro x apaKTepa. x 200. 

P1t1c. 7. 90-e cy TKJ1 3KCrrep 11MeHTa. ATpOq:>11.rI K0JIJiareH0BbIX B0JI0K0H B 30He ~ ecpeK
Ta. x 20 0. 
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K11M o6pa30M , ,l];OJIH ITJIOTHOM BO

JIOKHMCTOM coe,nMHMTeJihHOJII TKa -

HM ITOCTeITeHHO yBeJIMl:.!MBaJiaCb , 

a pbIXJIOJII BOJIOKHMCTOM coe,n11-

Hl1TeJibHOJ1 TKaHM - CHM:>KaJiaCb. 

B MMKporrperrapaTax , rroJiy-

1:.!eHHhIX OT :>KMBOTHhIX, BhIBe,neH

HhlX 113 8Kcrrep11MeHTa qepe3 
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60 cyT rrocJie orrepar..v,rn, coxpaHHJIMCb rrpJ13HaKJ1 yMe

peHHO BbipameHHbIX ,z:.t;J1CTpOcpJ1qecKJ1X J13MeHeHJ1M 

CYXOJKJ1JibHOM TKaHJ1 BOKpyr 3OHbl ,z:i;ecpeKTa, BOJIOKHa 

KOTopoti BblfJIH,z:.t;eJIJ1 pa3o6r..u;eHHblMJ1, qacTJ1qHo cppar

MeHTJ1pOBaHHblMJ1' OKpymeHHbIMJ1 OCTpOBKaMJ1 pbIX

JIOM BOJIOKHMCToti coe,z:.t;J1HJ1TeJibHOM J1 mMpoBoti TKa

HM. B 3OHe caMoro ,z::i;ecpeKTa cpopMMpOBaJiaCb ITJIOTHaH 

BOJIOKHJ1CTaH coe,z:.t;J1HJ1TeJibHaH TKaHb C pa3HOHarrpaB

JieHHbIMJ1 KOJIJiareHOBbIMJ1 BOJIOKHaMM C HepaBHOMep

HO pacrroJiomeHHbIMJ1 KJieTKaMM cpM6po6JiaCTO-cpv16-

pou;J1Ta pHoro pH,z:i;a (pMC. 6). B MaCCMBe ITJIOTHOM BO

JIOKHJ1CTOM coe,n;J1HMTeJibHOM TKaHM coxpaHHJIMCb MeJI

KJ1e oqarM pbIXJIOM BOJIOKHMCTOM TKaHJ1 C ITOBbII..I..IeH

HbIM KOJIJ1qecTBOM cocy,z:.t;OB KaITJ1JIJIHpHoro TJ1I1a. 

XapaKTep MOpcpOJIOrJ1qecKOM KapTMHbl I1O3BOJIHeT 

rOBOpMTb O cpopMvtpoBaHJ1J1 K KOHLI;Y 60 cyT B 30He 

,z::i;ecpeKTa ITJIOTHOM BOJIOKHJ1CTOM coe,z:.t;J1HJ1TeJibHOM TKa

HJ1 , MMeIOr..u;eti CTpOeHJ1e py6u;oBOM TKaHM. 

qepe3 90 cyT ITJIOTHaH BOJIOKHJ1CTaH coe,z:.t;J1HJ1TeJib

HaH TKaHb B 3OHe ,z:i;ecpeKTa ITOCTerreHHO Ha qv1HaJia 3a

Mer..u;a Tb CH pbIXJIOM BOJIOKHJ1CTOM coe,z:.t;J1HJ1TeJibHOM 

TKaHbIO C 60Jibl.l.IJ1M KOJIJ1qecTBOM KJieToqHbIX 8JieMeH

TOB, rrpeMMyr..u;ecTBeHHO cpM6po6JiaCTOB, c yqacTKaMJ1 

TKaHM mMpOBOro xa paKTepa. KoJIJiareHOBbie BOJIOKHa 

BblfJIH,D;eJIM Ha6yXI..I..IJ1MJ1 JIJ160 HaXO,lJ;J1JIJ1Cb B COCTOH

HJ1J1 BbipameHHOM a TpO<:pJ1J1 (pMC. 7 ). 
TaKJ1M o6pa30M, eCJIJ1 K 60 cyT B 30He ,z:i;ecpeKTa 

Mbl Ha6JIIO,D;aJIJ1 yme rrpaKTJ1qecKM ccpopMMpOBaHHYIO 

py6u;oByIO TKaHb, TO K 90 cyT Ha6JIIO,z:.t;eHJ1H rrpOJ1CXO

,D;J1Jia ee ,n;e3J1HTerpau;v1H C o6pa30BaHJ1eM pbIXJIOM BO

JIOKHJ1CTOJ1 coe,n;J1HJ1TeJibHOJ1 TKaHM C ,z:.t;J1CTpocpv1qecKM 

J1 a TpOcpJ1qecKJ1 v13MeHeHHbIMM KOJIJiareHOBbIMJ1 BO

JIOKHaMJ1, ITOBbII..I..IeHHbIM KOJIJ1qecTBOM KJieTOK, rrpe

MMyr..u;ecTBeHHO cpM6po6JiaCTOB, ITOHBJieHMeM yqacT

KOB mMpOBOM TKaHM J1 fJ1CTJ1OLI;MTa pHbIX KJieToqHbIX 

8JieMeHTOB. TaK Ha3bIBaeMaH J1HBOJIIOLI;J1H ITJIOTHOM 

BOJIOKHMCTOM coe,D;J1HJ1TeJibHOM TKaHJ1 BO MHOfOM cxo,z:i;

Ha C rJ1CTOJIOrJ1qeCKOJ1 KapTMHOM coe,z:.t;J1HJ1TeJibHOJ1 

TKaHJ1 30Hbl ,z::i;ecpeKTa, KOTopyro Mbl Ha6JIIO,D;aJIJ1 Ha 

15-e cyTKM 8KCrrepMMeHTa. ITocKOJibKY B MMKporrpe

rra pa Tax , rroJiyqeHHbIX Ha 15-e v1 90-e cyTKM, Ha6JIIO

,z:i;aJiacb cxomaH MopcpoJiorJ1qecKaH KapTMHa , MbI rrpe,z::i;

rroJiaraeM , qTo ccpopMMpoBaBI..I..IaHCH K 60 cyT py6u;o

BaH TKaHb qepe3 1 Mee CHO Ba rrpJ106peTaeT xa paKTep 

TOM TKaHM, . KOTOpaH o6pa30BaJiaCb qepe3 15 cyT 

rrocJie rrepeceqeHMH rrHToqHoro cyxomv1JIJ1H. CKopee 

Bcero, 8TO CBH3aHO C TeMJ1 cpyHKLI;MOHaJibHbIMJ1 Hapy

I..I..IeHJ1HMJ1 B MKpOHOJKHOM MbII..I..ILI;e KpOJIJ1Ka , KOTOpbie 

BO3HJ1KJIJ1 ITOCJie orrepa TJ1BHOrO BMeI..I..Ia TeJibCTBa Ha 

axvtJIJIOBOM cyxomMJIMM. IToTepH coKpa TvtTeJibHOM 

crroco6HOCTJ1 l1KpOHOJKHOJ1 Mbll.l.ILI;bl rrpvtBO,lJ;MT K TOMY , 

qTo cyxomMJibHaH TKaHb He BbIITOJIHHeT rrpMcyr..u;yro 

eM cpyHKLI;J1IO. B pe3yJibTaTe 8TOfO B 3OHe ,z:i;ecpeKTa 

ITHTOqHoro cyxomJ1JIJ1H Ha pH,n;y C yqacTKaMJ1 ITJIOTHOM 

BOJIOKHJ1CTOJ1 coe,n;J1HJ1TeJibHOJ1 TKaHJ1 ITOHBJIHIOTCH 

3Ha qJ1TeJibHbie ITO rrpOTHJKeHHOCTJ1 yqacTKJ1 pbIXJIOM 

HeocpopMJieHHOJ1 coe,n;J1HJ1TeJibHOJ1 TKaHJ1. rv1cTOJIOrJ1-

qecKoe cTpoeHMe TaKoro HerroJIHou;eHHoro pereHepa

Ta Ha 3TOM cpoKe I1O3BOJIHeT rrpe,z:i;rroJiaraTb OTHOCJ1-

TeJibHO HJ13KYIO ero MexaHJ1qecKyIO rrpoqHOCTb. 
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3a1011oqemrn. Pa3pa6oTaHa 3KcrrepMMeHTaJibHaH 

MO,z:.t;eJib rrorrepeqHOM TeHOTOMMJ1 C O,D;HOBpeMeHHblM 

rrepeceqeHMeM cpacu;MaJibHbIX o6oJioqeK J1 6pb1meeq

HbIX cocy ,z:.t;OB B 3KCrrepMMeHTe y pacTyI..LI;MX )KMBOT

HbIX. Co3,z:.t;aHHaH MO,z:.t;eJib I1O3BOJIMJia v13yqv1Tb J1 BbIH

BJ1Tb oco6eHHOCTJ1 rrpou;eccoB perra pa TMBHOM pereHe

pau;J1J1 ITHTOqHoro cyxoIBMJIJ1H B C03,D;aHHbIX He6Jia

ronpMHTHbIX ycJIOBJ1HX. 

y CTaHOBJieHO, qTo ITOCJie rrorrepeqHOM TeHOTOMl1J1 

rrHToqHoro cyxomMJIMH c rronpem,n;eHMeM ero cv1Ho

BJ1aJibHbIX o6oJioqeK J1 6pb1meeqHbIX cocy,n;oB B Te

qeHMe 30 cyT rrpOMCXO,D;MT 3aMer..u;eHJ1e 30Hbl ,z::i;ecpeK

Ta pbIXJIOM BOJIOKHJ1CTOM 6ora TOM KJieTKaMJ1 ITOCTe

rreHHO co3peBaror..u;eM coe,n;J1HJ1TeJibHOM TKaHbIO. K MC 

xo,z:i;y 60 cyT 3HaqJ1TeJibHaH qacTb ,z::i;ecpeKTa BbIITOJI

HHeTCH ITJIOTHOM BOJIOKHMCTOM coe,n;MHJ1TeJibHOJ1 TKa 

HbIO, rrpJ106peTaIOr..u;eM py6u;OBbIJ1 xapaKTep. Ha 90 - e 

cyTKM ITOCJie TeHOTOMJ1J1 Ha6JIIO,n;aeTCH o6paTHOe 

pa3Bl1Tl1e 3OHbl ,z::i;ecpeKTa , rrpOMCXO,D;J1T oqaroBoe 

3aMer..u;eHMe I1JIOTHOJ1 BOJIOKHJ1CTOJ1 TKaHM pbIXJIOM 

HeocpopMJieHHOM coe,n;MHMTeJibHOM TKaHbIO C fl1CTl1O

LI;J1Ta pHbIMM, Jil1Mq:>Ol1,D;HbIMl1 KJieTKaMM l1 BKJIIOLJe

Hl1HMl1 OLJaroB mv1pOBOJ1 KJieTLJa TKM. Y Ka3aHHbie l13-

MeHeHl1.H corrp.HmeHbI co CHMJKeHMeM MexaHJ1LJeCKOJ1 

rrpOLJHOCTM cyxomMJIM.H. IloJiyLJeHHbie ,n;aHHbie I1O3-

BOJI.HIOT rrpe,z::i;rroJiara Tb OTpv1u;a TeJibHOe BJil1.HHJ1e Te

HOTOMMM C TpaBMa Tl13au;v1eJ1 OKOJIOcyxomMJibHbIX 

TKaHeM , l1Meror..u;v1x MeCTO B KJIMHMKe rrpv1 KOppv1rJ1-

pyror..u;J1x orrepau;v1.Hx Ha cTorre , Ha ,D;J1HaMv1Ky v1 xa -

paKTep perrapaTMBHbIX rrpou;eccoB B 30He cyxo

JKMJibHoro ,z::i;ecpeKTa. 
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BOCCTAHOBJIEHME HEIIOJIHOCJIOMHbIX IIOBPE~EHMM fMAJIMHOBOfO XPHIUA 
CYCTABOB KPOJIMKOB TPAHCIIJIAHTAUMEM MYJibTMIIOTEHTHblX ME3EHXMMAJibHbIX 

CTPOMAJibHbIX KJIETOK KOCTHOfO M03fA 

P.K. qauJWXflH) A.E. IIJexmep) B.H. TeJLbnyxoe) C.B. HeaHHUKOB) 10.B. I'epacuMoB) 

H.H. Bopo6beea) H.JI. MocKeu1-ta) B.H. Ea2pamaiueuJLu 

<PfBY «Hayqtto-11ccJie,n;oBaTeJibCKJ1ti u;ettTp 3r111,n;eMJ10Jior1111 11 M11Kpo6110Jior1111 MM. rroqeTHoro a1<a,n;. H.<P. faMaJie11 » 
M11tt3,n;paBa Pocc1111 ; fBOY BIIO «IIepBbIM MocK0BcK11ti rocy,n;apcTBeHHbIM Me,n;11u;11ttcK11ti ytt11Bepc11TeT 

MM. M.M. CeqeHoBa » M11tt3,n;paBa Pocc1111; <PfBYH «MHCTMTYT rrpo6JieM Jia3epHbIX 11 11ttcpopMau;110HHbIX TexHoJior11ti 
PAH», MocKBa, P<P 

Jhyitefta 6O3MO:»CHOCmb eoccmaHO6Jl.eflUR UieAOCmHocmu 2UQAUHO6O20 xpRUl,Q C nOMOUl,b/0 

MYAbmunomeHmHbLX MeJeHxuMaAbHbLX cmpoMaAbHbLX KAemoK (MMCK) Ha MoaeAu HenoA
HOCAOUHOcO aecjJeKma 2UQAUHO6O20 XpRUl,Q cycmaea KpOAUKQ 6e3 noepe;;,caeHUR cy6xoHapaAb

HOU nAacmuHKU. PaJMep aerpeKma cocmaeARA 0,5 CM e auaMempe u 1,5 MM e 2Ay6uHy. 
AymOAOcUitflblU KOCmflblU MO32 KpOAUKO6 noAyitaAU U3 pe3eUiUPO6QflflO20 Kp bffl,Q noae3aoumou 

KOCmu, 20mO6UJ1,U oaHOKJlemoitHy/0 cycneH3UIO U 6bLCe6aAU 6 KYAbmypaA bflble cjJAaKOflbl. 

Bb1poclUue MMCK cHuMaflu c nAacmuKa, UieHmpucjJyzupoeaAu u ocaaoK nepeHocuAu e ae
cjJeKm xp5lUl,a. Ceepxy KAemKu npuKpb16aAu :»eeAamuHoeou 2y6Kou, euKpuAoeou 2y6Kou UAU 
cemKou. FucmoA02uiiecKoe uccAeaoeaHue 6btnOAH5lAU iiepe3 4 Mee. YcmaHoeAeHo, iimo Hau-
6oAee 6blpa:>1CeHHQR peceHepaUiU5l 2UQAUH060U Xp5lUl,e60U mKaHU, 3aMeUl,GIOUl,eU 60AbUJYIO 
iiacmb aecjJeKma xpRU1,eeou nAacmuHKU, uMeAa Mecmo e cAyita5lx ucnoAb3oeaHU5l MMCK u 
euKpu!loeou cemKu. Cpeau npeuMyU1,ecme ucnoAb306aHu5l euKpuAoeou cemKu omMeiteHo mo, 
itmO OHQ He 6b!Cmynaem Haa Xp5lUl,e60U nAaCmUHKOU, He caa6AU6aem KAemKU U npu 3mOM 

MeaAeHHO paCCQCbt6aemCR. 

K JI IO q e Bbl e C JI OB a: My'JlbTMTIOTeHTHbie Me3eHXJ1MaJibHbie CTpOMaJibHbie KJleTKM , rrpo

m1cpepau.1151 , TKaHeMillKeHepHbie KOHCTPYKUMH , cycTaBHOH xpmu. 

Repair of Partial Thickness Articular Hyaline Cartilage Injuries with Multipotent Mesenchy
mal Stromal Bone Marrow Cells Transplantation in Rabbits 

R.K. Chailakhyan, A.B. Shekhter, V.J. Tel'pukhov, S. V. Jvannikov, Yu. V. Gerasimov, 
N.N. Vorobieva, J.L. Moskvina, V.N. Bagratashvili 

Gamalei Scientific Research Center of Epidemiology a nd Microbiology; I.M. Sechenov 
First Moscow State Medical University; Insti t u te on Laser and Informa t ion Tec hnologies, 

Moscow, Russia 

Possibility of hyaline cartilage integrity restoration using multipotent mesenchymal stromal cells 
(MMSC) was studied on the rabbit model of partial thickness articular hyaline cartilage defect 
without subchondral plate damage. Size of defect made up 0. 5 cm in diameter and 1. 5 mm deep. 
Autologous bone marrow was harvested from the resected upper flaring portion of the ilium, 
single cell suspension was prepared and cultured in matrasses. Grown MMSC were centrifuged 
and the sediment was transferred into the cartilage defect. The cells were covered with either 
vicryl or gelatin sponge, or vicryl mesh. Histologic examination was pe,formed in 4 months. It 
was shown that the most active regeneration of hyaline cartilage tissue, that substituted the 
largest part of a defect, was noted when MMSC were covered with vicryl mesh. One of the 
advantages of vicryl mesh use was that it neither protruded above the cartilaginous plate nor 
compressed the cells, and slowly resolved. 

Key w o rd s : multipotent mesenchymal stromal cells , proliferation , tissue engineering 
constructions, articular cartilage. 

BypHoe pa3BJ1TJ1e 6110Me,LJ;MI.J;J1Hbl 11 , B -Y:aCTHOCTM , 

KJieTO-Y:HbIX J1CCJie,n;oBaHJ1l1 crroco6cTBOBaJIO I10.HBJie

HJ1lO COBeprneHHO HOBbIX rro,n;xo,n;oB J1 TeXHOJIOfJ1l1 , 

o6eI.IJ;aIOI.IJ;MX yme B 6JI11mar1rueM 6y,n;yI.IJ;eM perne

HMe MHOfMX Me,LJ;MI.J;J1HCKJ1X rrpo6JieM. KJieTO-Y:Hbie MC

CJie,n;oBaHMR J1 KJieTO-Y:Hbie TeXHOJIOfJ1J1 RBJIRIOTCR ce

ro,n;HR CTpa Ter11-Y:eCKJ1 BaJKHbIM HarrpaBJieHMeM 6110-
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Me,n;J11.J;J1Hb1 , crroco6HbIM o6ecrre-Y:MTb rrpopbrn B 6opb-

6e C cou11aJibHO 3Ha -Y:J1MbIMJ1 3a60JieBaHJ1.HMJ1. Bo3-

MO.iKHOCTb fJ1CTOTJ1I1J1-Y:eCKOro BOCCTaHOBJieHMR rro 

Bpem,n;eHHbIX TKaHeM J1 opraHOB rrp1106peJia peaJib

Hbie O-Y:epTaHMR ITOCJie pa3pa6oTKJ1 HaMM B Hli1li13M 
MM H.<P. faMaJieM MeTo,n;a J13611paTeJibHOrO KJIOH J1-

poBaHJ1.H , KOTOpbIM rro3BOJIMJI BbIRBMTb y H 11KaJibHY IO 
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Ka Terop:mo CTpOMaJibHbIX KJieT OK-ITpe .n;weCTBe HHM 

KOB KpoBeTBOpHbIX 11 JIMM q:>011,Il;HbIX o praHOB [ 1]. KoH

u;eHTpau;11H 8T11X KJieTOK B opraH ax r e M O- 11 JI11Mq:>O

ITO83a -qpe3BbP--IaJ/IHO M aJia. Ilpo B e ,n;e HHbie 8KCITe p11-

MeHTaJibHhle MCCJie,n;oBaHMH ITOKa3a JI11, '-ITO cpe.n;11 

BbIHBJieHHbIX HaMM KJIOHOreH HbIX CTpOMaJibHbIX K Jie

TOK-ITpe.n;wecTBeHH MKOB MMeIOTCH KJieTKM , KOTOpbre 

ITO CBOMM ITPOJIMCpepa TMBHbIM 11 .n;11cpcpe p e ttu;11p o B O'-I

HbIM ITOTeHIJ;MHM HBJIHIOTCH ITpeTeH,n;eHTaM M H a p OJib 

CTBOJIOBbIX KJieTOK CTpoMaJibH OM TKaHM KOC THOfO 

M03ra [2, 3]. Ilo pewett1110 Mem.n;yttapo,n;H o r o o 6w;e 

CTBa KJieTO'-IHbIX TeXHOJIOfOB C 2006 r. 8T11 KJieTKM 

ITpe,n;JiomeHO Ha3bIBaTb MYJibT11ITOTeHTHbIM11 M e 3 e H

X11MaJibHbIM11 cTpoMaJibHbIMM KJieTKaM 11 (MMCK). 

OHM COOTBeTCTBYIOT Tpe6oBaHMHM, ITp e,n;'bHBJIHe MbIM 

K CTBOJIOBbIM KJieTKaM: o6Jia,n;aIOT BbICOKMM ITPOJIM -

cpepa TMBHbIM ITOTeHu;MaJIOM, caMOITO,n;,n;e p m11BaIOTCH 

B ITpou;ecce ITpoJI11cpepau;1111 11 .n;11cpcp e p e Hu;11py 10Tc H 

B HeCKOJibKMX HaITpaBJieHMHX (KOCT b , xpHw; , coe.n;11-

HI1TeJibHa.H 11 m11pOBa.H TKaHM 11 T.,n;.). 

O,n;HOM 113 Ha1160Jiee aKTyaJibHbIX HBJIH e TCH ITpo-

6JieMa JieqeHMH ITOBpem,n;eHMM xpHw;a 11 MX ITOCJie ,n;

CTBMM , T.e. BOCCTaHOBJieHMH u;eJIOCTH OCT M r11aJII1HOBO

ro xpHw;a KpyrrHbIX cycTaBOB. 3 Ta ITpo 6JieMa cero,n;HH 

ITp1106peTaeT Bee 60JibillYIO 3 H aq11M OCTb KaK B Me,n:11-

IJ;MHCKOM, TaK 11 cou;11aJibHOM acrr eKTe. IIo cpe,n;cTBOM 

KOMITpeccMOHHO-,D;11CTpaKIJ;11OHHOfO M eTo,n;a KJI11H11IJ;11-

CTbI B orrpe,n;eJieHHOM CTeITeH M Hayq 11JII1Cb BJIMHTb Ha 

CKOpOCTb 11 K a qecTBO peITa pa TMBH bIX ITp o u;eccoB KOC

THOM TKaHM, qTo ITpMBeJIO K cyru;ecTBe HHOMY yJiyq

weHMIO pe3y JibTa TOB JieqeHMH. B TO me BpeMH ITpO

rpecc B JieqeH1111 cycTaBHOM ITa TOJIOf1111, KOTOpbIM 6bIJI 

.n;ocT11rHyT B 3Ha q11TeJibHOM Mepe 6Jiaro.n;a pH co3,n;a

H1110 11 ycoBepweHCTBOBaHMIO MCKYCCTBeHHbIX cycTa

BOB , ITO cyT11 He ITp116JI11311JI K p e w e HMIO B OITpoca 0 

pereHepau;11OHHbIX BO3MOmH OCTHX KOMITOH e HTOB CM

HOBMaJibHOM cpe,n;bI cycTaB a J,1 Ha1160Jiee BamHoro J,13 

HHX - cycTaBHOfO xpHw;a. CorJiaCHO ,n;aHHbIM CTaTH

CTHKJ.1, ITPH TpaBMax KOJieH HOfO c ycTaBa B 50-60% 
cJiyqaeB B xo.n;e a pTpocKorrv111 BbIHBJIHIOTCH ITOBpem

,n;eHMH Mbiill;eJIKOB J,1 Ha,D;KOJieHHHKa , He ITpOHI1KaIO

w;v1e B ITO,n;Jiemaw;y10 KOC T b . II p v16JIJ.13HTeJibHO C Ta

KOH me qacTOTOM ITOBpem,n;eHHH xpHw;a .n;v1arHOCTI1-

py10T ITPH TpaBMax .n;pyrnx KpyIIHbIX cycTaBOB. Y Ka-

3 a HHb ie J,13M e HeHHH o6'be,D;HH e HbI ITO,Il; 06w;11M Ha3Ba

H11eM « X OH,n;po ITaTMJ,1 » . 

HeB 0 3MOmHOCT b B OCCTaHOBJieHHH cycTaBHOfO 

xpH w;a rrp11 ero HeITOJIHOCJIOMHOM ITOBpem,n;eHJ.111 aB

TOpb I CBH3bIBaIOT C Hecrroco6HOCTbIO XOH,n;pou;11TOB 

BCTy rraTb B M11T03 , rrpo.n;yu;11poBaH11eM 11MJ,1 J.1Hr116v1-

T OpOB ,n;JIH rrpoJI11cpepau;1111 Mettee .n;v1cpcpepettu;11po

BaHHbI X KJieTOK, CHHmeHMeM 11HTeHC11BHOCT11 ITpo

u;ecCOB o6MeHa 11 oco6eHHOCTHM11 ITHTaHMH. li1CITOJib-

3OBaH11e MHOfO'-IMCJieHHbIX MeTO,Il;OB Jie'-IeHHH - OT 

Me,n;11KaMeHTO3HbIX, MexaHM'-IeCKMX, q:>11311'-IeCKMX .n;o 
ITepeca,n;K11 B o6JiaCTb IIOBpem,n;eHHOfO xpHw;a 6v10-

JI0fI1'-IeCKJ1X TpaHCITJiaHTa T0B - He IT03B0JIHJI0 .n;oc
TMra Tb meJiaeM0f0 pe3yJihTaTa [4]. B OT,n;eJibHYIO 

rpyrrrry M0mH0 BbI,1J;eJIJ1Tb MeTO,[];bI Jie'-IeHHH, rrpe.n;yc

MaTp11Barow;11e rrepeca,n;Ky XOH,n;pou;11TOB, Bbipaw;eH-
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HbIX in vitro [5-7]. Ilepe ca,n;Ka ayTOJIOf11'-IHbIX XOH,n;

pou;MTOB , ITOJiyqeHHbIX 113 TaK Ha3bIBaeMOM «HeKp11-

T J.1 qecKOM , J,1JIJ,1 H e KOHTaKTHOM , 3OHbI » 3,Il;OpOBOfO 

cycTaBa v1 pa3MHomeHHbIX in vitro , ITpe,n;IToJiaraeT Ha

ttece ttv1e ,n;oITOJIHHTeJibHOM TpaBMbI. K TOMY me HeHc

HO , crroco6Hbl JIJ,1 XOH,D;pOIJ;HTbI , Haxo,n;Hw;HeCH B Tep

MHHaJibHOM CTa,D;J.111 .n;11cpcpepettu;v1pOBKI1, ITOJiyqeHHbie 

J.13 tte6oJibruoro cpparMe HTa xpHw;a (20-30 Mr), ITpoM

TH Heo6xo,n;HMOe '-{ J,1 CJIO M11T030B 11 o6pa30BhlBaTb 

K JieTO'-IHYIO Macey B o6'be M e, .n;ocTaTO'-IHOM ,Il;JIH 

TpaHCITJiaHTau;11v1 J,1 ITOCJie,n;y10w;e ro 3aMew;eHMH .n;e
cpeKTa [8]. B 8KCITepv1MeHTaJibHbIX J,1CCJie,n;oBaHJ.1HX 11 

KJIHHJ.1'-IeCKMX HCITbITaHHHX ITOKa3aHO , '-ITO TpaHc

ITJiaHTaIJ;HH Bbipaw;eHHbIX ayTOJIOf11'-IHbIX XOH,n;pou;11-

TOB ITO,Il; Ha,n;KOCTHMIJ;y J,1JIJ,1 J,1Hbie MeM6paHbI, rrpv1-

WJ,1Tble K rpaHHIJ;aM .n;ecpeKTa xpHw;a , OKa3aJiaCb 

Mette e 8cpcpeKTJ.1BHOM , qeM o6bI'-IHaH M03aH'-IHaH 

XOH,n;pOITJiaCTHKa [9]. B ITOCJie,n;Hee ,n;eCHTI1JieT11e J,1C

ITOJib30BaHHe c 8TOM u;eJibIO MMCK cTaJio ITPMBJie

Ka Tb 60JibWee BHMMaHHe MCCJie,n;oBa TeJieM 11 Bpa '-IeM. 

O.n;ttv1 aBTOpbr , pa6oTaH c MMCK v1 He BepH B 11x 

.n;11cpcpepettu;v1poBO'-IHbie ITOTeHIJ;HJ.1 , ITepe.n; o6pa THOM 

TpaHCITJiaHTau;v1eM ITpOBO,Il;HT J,1X HaITpaBJieHHYIO 

.n;v1cpcpepettu;v1pOBKY B XOH,n;pou;MTbI [ 10], .n;pyrne -

ITOMew;a10T MMCK B pa3JIM'-IHbie reJI11 11JI11 cKacp

cpoJI,n;bI [11 , 12]. He.n;ocTaTKOM rrepe'-IMCJieHHbIX Me

TO,Il;OB MOmHO C'-IMTaTb TO , '-ITO .n;ecpeKTbI, KaK ITpaBM

JIO , 3aITOJIHHIOTCH cpv16p03HbIM xpHill;OM. 

UeJibIO HacToHw;ero v1ccJie,n;oBaHJ1H HBJIHJIOCb v13y

qettv1e BO3MOmHOCT11 BOCCTaHOBJieHMH u;eJIOCTHOCTM 

rHaJIHHOBOfO xpHw;a KOJieHHOfO cycTaBa KpOJIHKa B 

HeITOJIHOCJIOMHbIX .n;ecpeKTax c ITOMOill;bIO MMCK 11 

6v10.n;erpa.n;v1pyeMbIX CKacpq:>OJI,Il;OB (HOCMTeJieM), xapaK

Tepv13y10w;v1xc.H pa3JIJ.1qHbIM BpeMeHeM 6v1ope3op6u;11v1 

(oT 56 .n;o 90 .n;tteM). 

MATEPMAJI l1 METOJ(hl 

3KCITepv1MeHTbI BbIITOJIHeHbI Ha 15 KpOJIMKax ITO

po,n;bI llIHHIIlMJIJia MaCCOM 2-2,5 Kr, IIOJiyqeHHbIX J,13 

ITHTOMHHKa Jia6opa TOpHbIX mHBOTHbIX P AMH « Kp10-

KOBO ». Bee orrepau;v1v1 rrpoBO,Il;MJIJ,1 ITO,Il; HapKO3OM C J,1C

ITOJib3OBaHHeM pa3peweHHbIX B BeTepv1Hap1111 ITpeITa

pa TOB ( 30JieTHJI v1 poMeTa p) 11 c co6JI10,n;ettv1eM Bcex 

rrpaBHJI acerrTHKJ,1 J,1 aHTHCeIITMKJ,1. m11BOTHbIX co.n;ep

maJIJ.1 B COOTBeTCTBJ,111 C ,n;eMCTBYIOill;J.1M ITpHKa3OM 

MMHMCTpa 3,n;paBooxpaHeH11H CCCP Ng 755 OT 12 aB

rycTa 1977 «0 Mepax ITO ,n;aJibHeMweMy COBepweHCTBO

BaHMIO opraHJ.13aQJ10HHbIX cpopM pa60TbI C J.1CITOJib30-

BaHJ1eM 8KCrrep11MeHTaJibHbIX mHBOTHbIX » . Bbrne.n;e

HHe mMBOTHbIX 113 8KCITep11MeHTa ocyw;ecTBJIHJIJ,1 rry

TeM rrepe,n;O311pOBK11 HapKO3a. 

,Il;JIH MO,1J;eJI11poBaHMH .n;ecpeKTa r11aJIJ.1HOBOfO xp.H

w;a J.1CIIOJib30BaJIH K0JieHHbIM cycTaB. r Jiy6v1tty .n;ecpeK

Ta orpaHJ1qJ1JIJ,1 ITOBepxHOCTHbIM CJIOeM cycTaBH0rO 

xpHw;a - TOJibKO .n;o cy6xoH,n;paJibHOM ITJiaCTHHKM. 

Ha,n;KOJieHHHK CMew;aJIJ1 J,1 (pHKCMpOBaJIH B Me,n;11aJib

H0M IT0JiomeHJ1J,1. B MeJKMbiill;eJIKOBOM HM:Ke' rro.n; Ha,n;

KOJieHHHKOM, cppe30M CHHMaJIM IIOBepxHOCTHbIM CJIOM 

rv1aJI11HoBoro xpHw;a cTporo orrpe,n;eJieHHoro pa3Mepa 

- 0,5 CM B .n;11aMeTpe J,1 1,5 MM rJiy611HOM, He .n;orryc-
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Puc. 1. MaKpocKOTivfl•IecKaH 

Kapnrna xpH~eBbIX ,n:ecpeKTOB. 

a - HeITOJIHOCJIOMHbIM ,n;ecpeKT 

XpHw;a B Me:>KMbrru;eJIKOBOM HMKe 

KOJieHHOrO cycTaBa; 

6 - crycTOK KJieTOK Ha ,ZJ;He KOCT

HOro ,n;ecpeKTa. 

KaH IT0HBJieH11H «KpOBHHOM p0Chl » Ha ,n;He ~e¢eKTa 

(p11c. 1, a). 
BbWO c¢opM11poBaHO 3 rpyITITbI: 1-H - KOHTpOJib 

6e3 X0H,n;poITJiaCT11K11 (3 KpOJI11Ka); 2-H - KOHTpOJib C 

XOH~pOITJiaCT11KOJ1 pe3op611pyeMbIMl1 MaTep11aJiaM11 

(:meJiaT11HOBaH ry6Ka, B11Kp11JIOBaH ry6Ka 11JI11 ceTKa 

- 3 Kpomma), 3-H - xoH~pOITJiacT11Ka MMCK 11 pe-

3op611pyeMhIM11 MaTep11aJiaM11 (9 KpOJI11KOB). 

JI0J1,y"-le1--lue aymoJ1,02U"-l1--lo20 1wcm1--lo20 M032a Kpo
Jl,U'K0B. Ilo~ MeCTHOM aHeCTe311eJ1 0,5% pacTBOpOM HO

BOKa11Ha ITpO113BO~11JI11 pa3pe3 KOIB'.11 11 MbIIIILI; Ha,n; 

KpbWOM Ta30BOJ1 KOCT11, pe3eu;11poBaJI11 ee ¢parMeHT 

11 ITepeHoc11JI11 B cyxyro 1.rnIIIKY IleTp11. Ocyw;ecTBJIH

JI11 reMOCTa3, paHy ITOCJIOMHO 3aIII11BaJI11. Bbipe3aH

HbIJ1 ¢parMeHT KOCT11 OCB06o:m~aJI11 OT MHfK11X TKa

HeM, pacw;eITJIHJI11 CKaJibITeJieM 11 o6e ITOJIOB11Hbl ITe

peH0C11JI11 B t.JaIIIKY IleTp11 c IT11Ta TeJihHOM cpe~ott. 

KocTHbIM M03r BbICKa6JI11BaJI11 B IT11Ta TeJihHYID cpe,n;y, 

KOTopyro 3a TeM ITepeHOC11JI11 BO ¢JiaKOH. ,UJIH ITp11ro

TOBJieH11H KJieTOl.JHOM B3Bec11 ¢parMeHTbI KOCTHOrO 

M03ra ITpoITycKaJI11 qepe3 IIIITp11u; c rrocJie~oBa TeJihHO 

yMeHbIIIaIOw;11MCH ~11aMeTpOM 11rJI. foTOBYIO cycITeH-

311IO ¢11JibTpoBaJI11 qepe3 t.JeTbipexcJIOMHhIM KaITpo

HOBbIM ¢11JibTp, ITO)];Cl.Jl1TbIBaJI11 l.Jl1CJIO KJieTOK 11 3KC

ITJiaHT11pOBaJIM BO ¢JiaKOHhl C ITOJIHOM IT11TaTeJibHOJ1 

cpe,n;ott. 

3KcnAa1--lma'4UJi, KYJ1,bmuBupoBa1--lue u naccupoBa-
1--lUe 'KJl,emoK 3KCITJiaHTau;11ro KOCTHOM03fOBbIX KJie

TOK KpOJI11Ka ITPOB0~11JI11 B ITJiaCT11KOBhle ¢JiaKOHhl 

( «N unc » ) C ITJIOw;a~bIO ~Ha 80 CM2 ITO 5 . 106 B Ka:>K~bIM. 

KyJihTypaJibHaH cpe~a COCTOHJia 113 80 % cpe~hl 

cx-MEM ( «Sigma » ) 11 20% 3M6p110HaJihHOM TeJIHt.JheM 

CbrnopoTK11 ( «Hyclone » ) 11 aHT116110T11KOB . KJieTK11 

K YJibT11B11poBaJI11 B 11HKy6aTope ITp11 37°C c 5 % CO2 B 

Tet.JeH11e 12-14 ~Hett. ,UJIH ITOJiyt.JeH11H IIITaMMOB KOCT

HOM03fOBbIX cTpoMaJihHbIX KJieT0K KYJibTYPhI ITPOMbI

BaJI11 l.Jl1CTOJ1 cpe~OM 11 B Tet.JeH11e 3-5 M11H o6pa6aTbI

BaJI11 0,25% paCTBOpOM TP11ITC11Ha. 3aTeM TP11ITC11H 

CJI11BaJI11 11 ¢JiaKOHbI Ha 1o-15 M11H ITOMew;aJI11 B Tep

MOCTa T ITp11 3 7°C. Ilo 11CTet.JeH1111 3TOfO BpeMeH11 BO 

¢JiaKOHbI ~o6aBJIHJI11 CBemyro KY JibTypaJibHYIO cpe

~y, BCTpHX11BaJI11 11X, a He OTKpeIT11BIII11eCH KJieTK11 

c H11MaJI11 IT11ITeT11poBaH11eM. Ilpo113Bo,n;11JI11 IT0~ct.JeT 

KJieToK B KaMepe fopHeBa 11 Heo6xo,n;11Moe KOJI111.Je

CTBO KJieT0K ITepeH0C11JI11 B HOBbie ¢JiaKOHbI C ITOJIHOM 

KYJihTypaJihHOM cpe,n;ott . IloJiyt.JeHHYID B3Bech MMCK 

KpoJI11Ka I - III rracca:ma pa3JIJ1BaJIJ1 B KOHJ11.Jec1rne 

ITpo611pK11 ITO 1-1,5 . 106 KJieT0K B Kam~yro 11 u;eHTp11-

¢yrnpoBaJI11 B Tet.JeH11e 10 M11H co CKOpOCTbIO 1000 

06/M11H ITp11 4 °C. 
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TpaHCITJiaHTau;11ro MMCK ocyw;ecTBJIHJI11 ,n;ByMH 

cIToco6aM11: 1) oca,n;oK pecycITeH,n;11poBaJI11 B 2- 3 MKJI 

CBe:>KeM cpe,n;hI 11 3aITOJIHHJI11 :meJiaT11H0BYIO JI1160 BJ1K

p11JI0BYIO ry6K11 11JI11 ceTKY, K0TOphie yKJia,n;hrnaJI11 B 

c¢opM11poBaHHbIJ1 HeITOJIHOCJIOJ1HbIJ1 ,n;e¢eKT r11aJI11-

HOBOro xp2w;a cycTaBa; 2) oca~oK B B11~e crycTKa KJie

TOK ITepeH0C11JI11 11 YKJia,[l;bIBaJI11 Ha )];HO ~e¢eKTa, a 

CBepxy ITp11KpbIBaJI11 O~H11M 113 11CITbITyeMbIX Ma Te

p11aJIOB (p11c. 1, 6). 
B 3KCITep11MeHTax C XOH,Il;pOITJiaCT11KOJ1 pe3op611-

pyeMhlMl1 MaTep11aJiaM11 TpaHCITJiaHTaT Bhlpe3aJI11 

t.JYTb 60JibIIIe 0,5 CM B ~11aMeTpe , C TaK11M pact.JeTOM , 

l.JT06bI OH ITJIOTH0 BX0,[1;11JI B ,n;e¢eKT xp2w;a. CBepxy 

ero yKphlBaJI11 Ha,n;KoJieHH11KOM. ,UoITOJIH11TeJihHOM 

¢11Kcau;1111 He Tpe6oBaJIOCb. 

Bcex :>K11BOTHbIX BbIBO,[1;11JI11 113 3KCITep11MeHTa CITy

CTH 4 Mee IT0CJie OITepau;1111. Yt.JaCTOK xp2w;eBOJ1 ITJiaC

T11HK11 C ITO,n;Jie:maw;ett cy6xoH~paJibHOJ1 K0CTbIO B o6-

JiaCT11 ~e¢eKTa ¢11Kc11poBaJI11 10% ¢opMaJI11HOM, ITO~

BepraJI11 ~eKaJibLI;11Hau;1111 11 3aJI11BaJI11 B rrapa¢11H. 

Cpe3bl TOJiill;11HOM 4-5 MKM 0KpaIII11BaJI11 reMaT0KC11-

JI11H0M 11 30311HOM , IT11Kpo¢y Kc11HoM ITO BaH-f1130Hy, 

TOJIY11~11HOBbIM C11H11M (Ha K11CJibie rJI11KO3aM11HOfJI11-

KaHbI) , ITpOCMaTp11BaJI11 B M11KpOCKOITe BX-450 11 ¢ 0 -

TOrpa¢11poBaJI11 C ITOMOill;bIO B11~eoKaMepbI Sony. 

PE3YJlbTATbl 

,Ue¢eKTbI xp2w;a y :>K11B0THbIX 1-M rpyITITbI (KOHT

pOJib ) MaKpOCKOIT11t.JeCK11 6bIJIJ1 IT0JIHOCTbIO 3aIT0JIHe

HbI TKaHbIO 6eJieCOBaToro u;BeTa c HepoBHbIM11 KpaH

M11 , cJierKa BbICTyITarow;11M11 Ha~ xp2w;eBOM ITOBepx

HOCTbIO cycTaBa. 

Ilp11 f11CT0JI0f11t.JeCK0M J1CCJie~oBaH11J1 B o6JiaCT11 

~e¢eKTa xp2w;a ITJiaCT11HK11 6e3 XOH~pOITJiaCT11K11 

BbIHBJIHJI11 11CTOHt.JeHHbIJ1 CJIOM xp2w;eBOJ1 ITJiaCT11HK11 

6e3 ¢opM11poBaHl1H 6JieCTHw;ett ITJiaCT11HK11 Ha IT0Bep

XHOCT11. B xp2w;eBOJ1 TKaH11 BCTpeqaJI11Cb ,n;11cTpo¢11-

t.JeCKl111HeKpo6110T111.JeCKl1113MeHeHHbie XOH~pou;11-

TbI , OTMet.JaJIOCb yMeHhIIIeH11e co,n;ep:maH11H K11CJibIX 

fJI11K03aM11HOI'JI11KaH0B (p11c. 2 , a). Ilp11 3T0M B u;eHTpe 

,n;e¢eKTa OTCYTCTBOBaJI11 ITp113HaK11 pereHepau;11 11 

(,n;a:me MHOrorOKJieTOl.JHbie 113OreHHbie rpyITITbI ) . Ha 

ITep11¢ep1111 ,n;e¢eKTa , T.e. Ha rpaH11u;e C HaT11BHOJ1 

xpHw;eBOM TKaHbIO , Ha6JIIO,n;aJIM pereHepau;11ro ¢116-

p03Horo xp2w;a , co~ep:maw;ero MHoroq11cJieHHbie 

xoH,n;pou;11TbI 11 11Merow;ero BOJI0KH11CTYID cTpyKTYPY 

MaTpl1KCa. 

IIocJie xoH,n;poITJiacT11K11 cycTaBHoro ,n;e¢eKTa pe-

3op611pyeMbIM Ma Tep11aJIOM 113 B11Kp11JIOBOJ1 11JI11 me
Jia T11HOBOJ1 ry6K11 11 B11Kpl1JIOBOJ1 ceTK11 ( 2-H rpyITITa ) 
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P u c. 2. ,UecpeKT xp.HUJ,a qepe3 4 Mee. 

a - KOHTpOJibHa.H rpy n..rrn (6e3 XOH,n;porwacn1Kv1). X 200 ; 6 - MMIIJiaH TaT - BMK p MJIOBa.H r y6Ka ( x 400) , Ha ,D;He ,z:i;ecpeKTa 

xp.HUJ,eBOI1 IIJiaCT MHKM ,D;MCTpO<pMl-J:eCKMe J,1 HeKp OTMl-J: eCKJ.1e J.13M e H e H tt .H ; (3 - MMIIJiaHTa T - B MKpl1JIOBa.H ceTKa (x 400): Ha 

Kpa.Hx ,z:i;ecpeKT a ccp o pMv1poBaH nepexo,n;HbII1 cpv16p ornaJIJ.1H OBbIJ1 x p.HUJ, ; 2 - MMIIJiaHTaT - MMCR J.1 BttKpMJIOBa.H ceTKa 

(x 100): 60Jibllla.H l-J:aCTb ,z:i;ecpeKTa 3aIIOJIHeHa TKaHbIO H OB 006p a30B a HHOf 0 rnaJIMHOB Or o xp.HUJ,a ; a - ,n;eTaJib pv1c . 2, 2 (x 400) : 
r v1aJIMHOBbIJ1 xp.Hill, c r o M o reHHbIM MaTpMKCOM , XOH,D;p OQMTaM J.1 v1 XOH,n;po6JiacTaMM. B Qe HTpe - OCTaTOK Bl1KpMJIOBOfO BOJIOK

H a , OKpacKa r e MaTOKCMJIMHOM J,1 303MHOM, e - ,n;eTaJib p tt c . 2, 2 (x 400) : fJibI6 KM pacna Blllero.H BMKpttJia B xp.HUJ,eBOJ1 TKaHM. 

a, 6 - OKpacKa TOJIYMAYIHOBbIM CYIHYIM , 6- e - re Ma TOKCMJIYIHOM v1 303YIHOM . 

qepe3 4 M ee He3aBJ1CJ1MO OT Ma Tep11aJia XOH,ll;pOrIJia c

TJ1KJ1 MaKpOCKOI1J1qecKJ1 o6JiaCTb ,z:i;e cp e K Ta 3 aITOJIHH

JiaCb TKaHblO co cpaBHJ1TeJib HO rJia,IJ;K OVI ITOB e p x H OC

TblO. 

f l1CTOJIOfW-IeCKJ1 rrp11 J1CITOJib 30Ba HJ1J1 B Ka qecTBe 

J1MITJiaHTa T a Bl1Kpl1JIOB OVI ry6KJ1 B OCTaBineVICH Ha ,IJ;He 

,n;ecpeKTa xpHW,eBOVI ITJiaCTJ1HKe Ha6JIIO,D;aJIJ1Cb Bbipa

meHHbie ,z:i;11cTpo cp11qecK11e 11 H eKp o T11qecK11e J13MeHe

HJ1H rrpl1 OTCYTCTBJ1J1 rrpl13HaK OB cpopM11po BaHJ1H cp116-

p03HOrO xpHw,a Ha rrep11cpep J1J1 ( p 11c . 2, 6). CTpy KTy 

pa ,z:i;ecpeKTa , 3arrOJIHeHHOro meJia T J1HOBOVI r y 6KOVI , 

HarroMJ1HaJia TaKoByIO B KOHTpoJie. B u;eHTpaJibHOVI 

qaCTJ1 ,z:i;ecpeKTa BJ13yaJIJ13l1p OBaJIJ1Cb ,IJ;J1CTpocpw--1ec

KJ1e 11 HeKpOTJ1qecK11e J13MeHe H J1H , a Ha rr e p11cpep1111 

cpopMMpOBaJICH cp116p03HbIVI xpHW,. B CJiy'"-Iae rrp11-

M eHeHJ1H ,IJ;JIH X OH,ll;pOrrJiaCTJ1K J1 Bl1Kpl1JIOBOVI ceTKJ1 

H a 6JIIO,IJ;aJIJ1 o6pa30BaHJ1e He3Ha q J1TeJibHOro KOJIJ1'"-IeC

T Ba cp116p o r 11a JIJ1H OB Or o xpHw,a co CTOpOHbI Ma Te

pMHCKOro JIOma . 

T aKMM o6pa30M , H M o ,z:i;11H 113 113y-qaeMbIX MaTep11-

aJI0B ,IJ;OCTOBepHO He ycJ1JIJ1BaJI pereHepa TJ1BHbie rrpo

u;ecCbI ITO cpaBHeHJ1IO C KOHTpOJieM. McKJIIOqeHJ1eM 

CTa JI O,IJ;J1H cJiy'"-Ia VJ: J1CITOJib30BaHJ1H B Ka qeCTBe J1MI1-

JiaHT a T a B l1Kpl1JIOBOVI ceTKJ1 , B KOTOpOM Ha KpaHx ,n;e

cpeK Ta cpopM11poBaJICH rrepexO,IJ;HbIVI cp116pornaJIJ1HO

BbIVI xpm.u; (p11c. 2' B ). 

B 3- VI rpyrrrre ,IJ;JIH XOH,ll;pOrrJiaCTJ1KJ1 rrp11MeHHJIJ1 

MMCK B KOM611Hau;1111 c pe3op611pyeMbIMJ1 BJ1Kp11JI0-

BOVI J1JIJ1 meJia TJ1HOBOVI ry6KOVI 11 Bl1Kpl1JIOBOVI ceTKOVI. 
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Bo Bcex cJiyqaJix qepe3 4 Mee ,z:i;ecpeKTbI 6bIJIJ1 3arroJI

HeHbI BHOBb o6pa30BaHHOVI TKaHblO. 

Ila ,z:i;aHHbIM fJ1CTOJIOfJ1qecKoro J1CCJie,IJ;OBaHJ1H rrpl1 

J1CITOJib30BaHJ1J1 ,IJ;JIH yKpbITJ1H KJieTOK Bl1Kpl1JIOBOVI 

J1JIJ1 me JI a TJ1HOBOVI ry6KJ1 B u;eHTpe HeITOJIHOCJIOVJ:HbIX 

,z:i;ecpeKTOB cycTaBHOro xp.Hw,a OTMeqaJIJ1Cb ,IJ;J1CTpoq:m

qecKJ1 J13MeHeHHbie XOH,D;pOLI;J1TbI. MecTaMJ1 OTMeqaJIJ1 

yBeJIJ1qeHJ1e qJ1cJia XOH,ll;pOLI;J1TOB J1 MHOfOKJieToqHbIX 

J130reHHbIX rpyrrrr ( KJIOHOB), qTQ HBJIHeTCH rrpl13Ha

KOM HaqaJibHhlX 8TarroB pereHepau;1111 rJ1aJIJ1HOBOro 

xpHw,a. 

M3y'"-IeH11e 06JiaCTJ1 ,z:i;ecpeKTa co crycTKOM MMCK, 

rrp11KpbITbIM J1MITJiaHTaTOM J13 Bl1Kpl1JIOBOVI ceTKJ1 , 

rroKa3aJIO , qTQ ,z:i;ecpeKT 3aITOJIHeH He3peJibIM rJ1aJIJ1-

HOBbIM xpHW,OM , co,z:i;epmar.u;MM MHOfO'"-IJ1CJieHHbie fJ1-

aJIJ1HOBbie XOH,ll;pOLI;J1TbI , OKpymeHHbie JiaKyHaMJ1 

(pl1C. 2' 2 ). Xa paKTepHbIVI ,IJ;JIH rJ1aJIJ1HOBOro xpHr.u;a 

roMoreHHbIVI Ma Tpl1KC ,z:i;aBaJI MeTaxpoMa3J1IO rrpl1 OK

pacKe TOJIYJ1,IJ;J1HOBbIM CJ1HJ1M , '"-ITO yKa3bIBaeT Ha Ha

JIJ1'"-IJ1e KJ1CJibIX fJIJ1K03aMJ1HOfJIJ1KaHOB. KpoMe Toro , 

BO BHyTpeHHJ1X CJIOHX pereHepa Ta J1MeJIJ1Cb He3pe

Jibie KJieTKJ1 TJ1I1a XOH,z:i;po6JiaCTOB C He60JiblllJ1M H,IJ;

pOM 11 c O'"-IeHb y3KOVI J1JIJ1 OTCYTCTByIOw,eVI JiaKyHoVI 

BOKpyr KJieTOK (pl1C. 2, a). Ilpl1 8TOM ITOBepXHOCT

HbIVI CJIOVI CKOpee rrpMHa,IJ;JiemaJI K qm6p03HOMY xpH

w,y , TaK KaK Ma Tpl1KC B HeM 6bIJI cp:vi6pl1JIJIHpHbll1. 

BHyTpM pereHepaTa coxpaHHJIJ1Cb e,z:i;11HJ1'"-!Hhle He-

60JiblllJ1e cpparMeHTbl pa3pylllaIOI..IJ;J1XCH Bl1Kpl1JIOBbIX 

BOJIOKOH (p11c. 2' e ). 
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3aKmoqem1e. IIo.rryqeHHbre pe3y JibTa TbI rro,n;TBep

,n;v1.rrv1 a,n;eKBclTHOeTb v1errOJib3yeMOJ/1 MO,ZJ;eJIM HeITOJIHOe

JIOJ/IHOfO ,n;ecpeKTa eyeTaBHoro xpHr.u;a. Ero pa3Mep, 

r.rry6v1Ha, MeeTO MO,n;e.rrv1poBaHJ1H (MeJKMbIIIJ;eJIKOBaH 

HMKa) J1 epoK Ha6.rrro,n;eHMH ( 4 Mee) I1O3BOJIHIOT ,n;oe

TOBepHO ou;eHMBaTb eTerreHb BoeeTaHOBJieHMH rMaJIM

HOBOfO xpHr.u;a rrpM v1errOJib3OBaHJ11i1 eaMbIX pa3JIJ1q

HbIX yeJIOBMJ/1 J,1 cpaKTOpOB B Ka qeeTBe eTMMY JIHTOpOB 

rrpou;eeeoB pereHepau;v1v1. Bo Beex e.rryqaJix rrpv1MeHe

HJ1H ,n;JIH xoH,n;porr.rraeTMKM MMCR, KOTOpbre yK.rra,n;br

BaJIM Ha ,ll;HO ,n;ecpeKTa J,1 rrpv1KpbIBaJIJ1 MeITbITyeMbIM 

MaTepv1aJIOM, perv1eTpv1poBaJIJ1 HBJieHMH, eBM,ll;eTeJib

eTBYIOIIJ;Me O eTMMY JIHIJ;li11i1 rrpou;eeeoB perra pa TMBHOJ/1 

pereHepau;Mv1. HaM.rryqIIme pe3y JibTa TbI rro.rryqeHbI 

rrpM MeITOJib3OBaHMJ1 B Ka qeeTBe MMITJiaHTa Ta Bli1Kpli1-

JIOBOJ/1 eeTKM: rv1aJIJ1HOBbIM xpHI.U;OM 6bIJia 3aMer.u;eHa 

60JiblliaH qaeTb ,n;ecpeKTa. BMKpMJIOBaH J,1 me.rra TMHO

BaH ry6Kli1 rrpaKTJ1qeeKJ1 B 2 pa3a TOJir.u;e Bli1Kpli1JIOBOJ/1 

eeTKM, 1i1 I1O8TOMY 3Ha qv1TeJibHO BbieTyrraIOT Ha,n; rr.rroe

KOeTbIO eyeTaBHOJ/1 rr.rraeTMHKJ1. Ha,n;KOJieHHMK rroe.rre 

BO3Bpar.u;eHMH Ha MeeTO eMJibHO e,n;aBJIMBaeT MMITJiaH

Ta T, Be.rre,n;eTBMe qero cpopMv1pyIOTeH He6.rrarorrpli1HT

Hbie ,ll;JIH KJieTOK yeJIOBMH, M OHM rM6HyT. BMKpMJIOBaH 

eeTKa He BbieTyrraeT Ha,n; xpHr.u;eBOJ/1 rr.rraeTMHKOJ/1, He 

e,n;aBJIMBaeT KJieTKM 1i1 rrpM 8TOM Me,n;JieHHO paeeaebI

BaeTeH: ,n;ame qepe3 4 Mee BHYTPM xpHr.u;eBoro pere

Hepa Ta oeTaIOTeH ee cpparMeHTbI. 3a eqeT 8TOro eo-

3,ll;aIOTeH 60.rree 6.rrarorrpMHTHbie yeJIOBMH ,ll;JIH JKJ13He

,n;eHTeJibHOeTM KJieTOK. Bo3MOJKHO, MMeIOTeH 1i1 ,n;py

rv1e 060.HeHeHMH rro.rryqeHHbIM pe3yJibTaTaM, HO 8TO 

6y,n;eT HBJIHTbeH rrpe,n;MeTOM HallJMX ,n;aJibHeJ/IIIIMX Me

e.rre,n;oBaHMJ/1. 

Pa6oma BbLnOJllieliQ npu noaaep:>ICKe PoccuuCK020 
HayliHOW cjJOHaa (2paHm 14-25-00055) e liacmu u1ylieHufl 

803MOJICHOCmu cjJopMupoeaHU5/, XPRU'1eeou mKaHU 
C ucnOJlb308QHUeM MMCK U PoccuuCK020 cjJoHaa 

cjJyHaaMeHmallbHblX UCCJleaoeaHUU (zpaHm 13-04-12032) 
e 11acmu uccJZeaoeaHufl eo1MOJ1CHocmu eoccmaHoeJZeHufl 

zuaJZuHoeow xpRU'1a cycmaeoe. 
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OUEHKA KOMI103MUMOHHhIX MATEPMAJIOB COCTABA AJihf~HAT - <l>OC<l>AThl KAJihUM.SI, 
l1PEX(HA3HAqEHHhIX )::(JUI MCI10Jlh30BAHM.H B TEXHOJIOflIHX IIPOTOTMTIMPOBAHMH 

11PM 3AMEIUEHMM KOCTHhIX X(E<l>EKTOB IN VITRO 

H.C. Cep2eeea., B.C. KoMJZee, Jf.K. Ceupuaoea, B.A. KupcaHoea, C.A. AxMeaoea, 
E.A. KyeiuuHoea, A.JO. (J)eaomoe, A.JO. TemepuHa, C.M. EapuHoe 

<PfBY «<Pe,n;epa.rrhHbIM Me,n;MD;MHCKMM Mcc.rre,n;oBaTeJihCKMM u;eHTP MM. II.A. f epu;etta » MMH3,n;paBa PoccMM, 
fBOY BIIO «PoccMMCKMM ttau;MoHaJihHbIM Mcc.rre,n;oBaTeJihCKMM Me,n;MD;MHCKMM y ttMBepcMTeT MM. H .M. IlMporoBa» 

MMH3,n;paBa PoccMM, <PfBYH «MHCTMTYT MeTa.rr.rryprMM M MaTepMa.rroBe,n;eHMH MM. A .A. BaMKOBa » P AH, MocKBa, P<P 

Ha Moaef/ U aeyx aa2e3UOHHbLX KJLem0'1HbLX J/UHUU - UMMOpmafl U308aHHbLX rj}u6po6JLaCm08 
11eJ1oeeKa (<P l/, UimaMM 1608 hTER T) u ocmeocapKOMbt 11eJ1oeeKa (MG-63) in vitro e auHaMu
Ke KYfl bmueupoeaHu.R (ao 21 cym) c noMOf.1,<blO M T T-mecma u3y11eHbt 11iumocoeMecmuMocmb u 
MampuKCHbte (afl.R KJ/emoK) ceoucmea 06pa111ioe 2paHyJ1 upoeaHHbtx nopucmbtx KOMn03UlfiUOH
HbtX 6uoMamepuMoe cocmaea aJLbWHam Hampu.R - rjJocrjJambt KaJl blfiU.R u ux cocmaefl.R!Of.1,<UX, 
cuHme3upoeaHHbtX u oxapaKmepu1oeaHHbtX e JfMET PAH: 1 % aJL bWHama Hampu.R; KOMno-
1uma aJ1 b2UHam Hampu.R/ J1ceJ1amuH (80/20); KaJL blfiuurjJoccpamHou KepaMuKu (KI'A , TK<P u 
OK(f)) u KOMn03UlfiUOHHbLX Mamepuaf/ oe cocmaeoe aJL bWHam/ KFA , aJL bWHam/ TK<P, aJL bW
Ham/ OK<t>, aJ1b2UHam/ .>1ceJ1amuH/ TK<P u aJ1b2UHam/ TK<J)/ KI'A/ OK<J). OK<J) oKa3aflCH 11iumo
moKCU'1HbtM, a KOMnO3UmbL, 8 COCmae KOmOpbtX OH exoaufl, 06Jlaaafl U CJL a6blMU MampUKCHbl

MU ceoucmeaMu. ,l(JL.R aaflbHeuUiux uccJL eaoeaHuu no pa3pa6omKe mexHoJLowu npomomunupo
eaHu.R omo6paHbt 3 06pa311ia KOMn03UlfiUOHHbtX MamepuaJL oe cocmaeoe aJ1 b2UHam/ KI'A , aJL bW
Ham/ TK<J), aflb2UHam/ .>1ceJ1 amuH/ TK<J), xapaKmepu1y101.1,<uern 11iumocoeMecmuMocmb10 u Ha
J1 u11ueM Bbtpa:>1ceHHbLX uJLu yMepeHHbLX MampuKCHbLX afl.R KJLemoK ceoucme noeepxHocmu. 

K JI lO Ye Bbl e C JI OB a: MaTepHaJibl )lJI>I OCTeorrnacntKH , KOMTIO311Ul1OHHbie MaTepH:aJihI 
COCTaBa aJibnIHaT - cpoccpaTbl KaJibUl15I , H:CCJie)lOBamur in vitro , UMTOCOBMeCTHMOCTh, 
MaTpl1KCHble CBOHCTBa. 

In Vitro Evaluation of the Composite Alginate - Calcium Phosphate Materials 
for Prototyping Technologies in Bone Defects Substitution 

NS. Sergeeva, VS. Komlev, J.K. Svir idova, VA . Kirsanova, SA. Akhmedova, 
E.A. Kuvshinova, A. Yu. Fedotov, A . Yu. Teterina , SM. Barinov 

P.A. Gertsen Moscow Research Oncology Insti t ute; Pirogov Russian National R esearch 
Medical University; A. A. Baikov Institute of M etallurgy and M at erial s Science, 

Moscow, Russia. 

Porous granular composite biomaterials based on sodium alginate and calcium phosphate com
ponent: 1% sodium a lginate; sodium alginate with gelatin ( 80/20); calcium phosphate ceramics 
(CHA, TCP and OCP) and composite mater ia ls alginate/ CHA, alg inate/ TCP, alginate/ OCP, 
alginate/gelatin (80/20)/TCP and alginate/TCP/ CHA/OCP were investigated for cytotoxicity 
and matrix (for cells) properties in dynamics of cultivation (up to 21 days) . Two adhesive cell 
lines - immorta lized human fibroblasts (HF, strain 1608 hTERT) and human osteosarcoma 
(MG-63) wer e used for in vitro MTT assay. OCP material showed its cytotoxicity while all its 
composites p ossessed weak matrix properties. For further r esearch on the development of proto
typing technologies 3 samples of composite materials were selected: alginate/CHA, alginate/ TCP 
and alginate/gelatin (80/20)/ TCP that are characterized by cytocompatibity and the presence of 
either expressed or moderate matrix properties of the su,face for cells. 

Ke y word s : osteoplastic materials, alginate - calcium phosphates composite materials , 
in vitro studies, cytocompatibity, matrix properties. 

B o ccT aHOBJiem1e KOCTHOH TKaHM B o6JiaCTM ,n;ecpeK

TOB RBJIReTCR aKTyaJibHOH Me,D;MIJ;MHCKOH M cou;MaJib

H OH rrpo6JieMOH , l".!TO o6ycJIOBJieHO, c O,D;HOH CTOpOHbI , 

pacrrpocTpaHeHHOCTbIO rraTOJIOrM-c.:reCKMX COCTOJIHMH 

KO CTHOH TKaHM , B03HMKaIOw;Mx, B -c.:raCTHOCTM, B pe-

3Y JibTaTe TpaBM, orryxoJieBoro rropameHMR , ,n;ereHe

paTMBHbIX B03paCTHbIX M3MeHeHMH, rropOKOB pa3BM-
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TMR, a C ,n;pyroti - CTapeHMeM HaceJieHMR B u;eJIOM [l]. 
Tpy ,D;OBaJI M cou;MaJibHaJI pea6MJIMTaIJ;MR 8TMX Ka Te

ropMH 60JibHbIX B03MO:>KHa JIMlllb rrpM ,D;OCTM:>KeHMM 

cTpyKTypHoti 11 cpyHKIJ;MOHaJibHOH u;eJIOCTHOCTM KOCT

HOH TKaHM , l".!TO Tpe6yeT MCITOJib30BaHMR rrpM x11pyp

rM-c.:recKMX BMellla TeJibCTBax a,n;eKBa THbIX OCTeorr.rrac

TMl".!eCKMX Ma TepMaJIOB. 
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CrreKTp pa3pa6aThlBaeMhlX OCTeorrJiaCTMqecKMX 

MaTepMaJIOB C ' Ka:>K,ZJ;bIM ,ZJ;HeM paCU1MpHeTCR: HaTy

paJibHbie MaTepMaJibI ( CKeJieT KOpaJIJIOB, KOJIJiareH, 

menaTMH, XMT03aH) [2-4] M CMHTeTMqecKMe ITOJIMMe

p bI (rrOJIM8Cf>MpbI, ITOJIMJiaKTM,ZJ;bI, ITOJIMfJIMKOJIM,ZJ;bI M 

MX COITOJIMMepbI) [5], KaJibl.J;MMcpoccpaTHaH KepaMMKa 

[6] M 6MOCTeKJia [7, 8]. CpaBHMTeJibHO HOBbIM rro,n;xo

,ZJ;OM HBJIHeTCH C03,ZJ;aHMe KOMIT03MI.J;MOHHbIX MaTepMa

JIOB, B qacTHOCTM Ha OCHOBe cpoccpaTOB KaJibl.J;MH M 

6MOITOJIMMepoB. 

McTOpMqecKM rrepBbIM ,ZJ;JIH 3aITOJIHeHMH ,n;ecpeKTOB 

KOCTHOJ1 TKaHM 6brn rrpe,n;nomeH CMHTeTMqecKMJ1 rM,n;

pOKCMarraTMT (r A; Ca
1
/ PO

4
)

6
(OH)

2
), Mano pacTBopM

MbIM B cpM3MOJIOfMqecKMX ycJIOBMHX M, BCJie,ZJ;CTBMe 

8 Toro, HaMMeHee MCITOJib3yeMbIJ1 cero,n;HH B KJIMHMKe. 

Cpe,n;M ,n;pyrnx cpoccpaTOB KaJibl.J;MH HaM60Jiblliee BHM

MaHMe rrpMBJieKaeT KepaMMKa Ha OCHOBe TPMKaJibI.J;M

eBoro cpoccpaTa (TK<P), Kap6oHaTco,n;epmarn;ero r A 
(Kr A) M OKTaKaJibI.J;MeBoro cpoccpaTa (OK<P). TaKoi1 

BbI6op o6ycJIOBJieH cne,n;yIOrn;MMM rrpMqMHaMM. TpM

KaJibl.J;MMcpoccpa THaH KepaMMKa o6na,n;aeT OTHOCMTeJib

H O BbICOKOJ1 paCTBOpMMOCTbIO B :>KM,D;KOCTHX opraHM3-

Ma M crroco6cTByeT rrpou;eccy 6MOMMHepanM3aI.J;MM 

cpopMMpyIOrn;ei1:cJI KOCTHOJ1 TKaHM. <PM3MOJIOrnqecKM 

Ba:>KHbIM HBJIHIOTCH TaK:me aHMOH- 11 Ka TMOHHbie 3a

Mern;eHMH (B qacTHOCTM, Kap6oHaT rpyrrrraMM) B CTpyK

Type cpoccpa TOB KaJibl.J;MH C cpopMMpOBaHMeM Kr A, 
ITOCKOJibKY MMHepaJibHaJI OCHOBa KOCTHOJ1 TKaHM co

,n;ep:>KMT 4-8 Mace. o/o COt . Kap6oHaTHbie rpyrrrrbI C0-

3,ZJ;aIOT pellieToqHbre MCKa:meHMH B cTpyKType arraTM

Ta, qTo 06ecrreqv1BaeT, B qacTHOCTM, 60JiblliYIO CKO

pOCTb 6v10,n;erpa,n;au;v1v1 [9]. M, HaKOHeu;, ycTaHOBJieHO, 

qTo o6pa30BaHMe CTa6MJibHOJ1 cpa3bI - 6MOJIOfMqec

Koro arra TMTa - rrpOMCXO,ZJ;MT qepe3 CTa,ZJ;MIO o6pa30-

BaHMH rrpoMe:myToqHoi1: HeycToJ1qMBOJ1 cpa3bI - OK<P 

[ 1 O], KOTOpbIJ1 BCJie,ZJ;CTBMe 8TOro MO:>KeT paccMaTpM

Ba Tb CH KaK rrepcrreKTMBHbIJ1 OCTeorrJiaCTMqecKMJ1 Ma

TepMaJI. 

C ,n;pyroi1: CTOpOHbI , BbICOKMJ1 ITOTeHu;MaJI rrpMMe

HeHMH B Me,ZJ;Ml.J;MHe MMeIOT 6MOITOJIMMepbI. B qacTHO

CTM, Ma TepMaJibI Ha OCHOBe aJibfMHa Ta - ITOJIMCaxa

p v1,n;a, KOTOpbIJ1 o6Jia,n;aeT lliMpOKMM crreKTpOM ITOJie3-

HbIX ,D;JIH qeJIOBeKa CBOJ1CTB M MO:>KeT BbIITOJIHHTb cpyH

Kl.J;MIO 8JiaCTMqHoro KapKaca [11]. 
B C03,ZJ;aHMJr1 TpexMepHbIX KOMIT03MI.J;MOHHbIX KOH

CTPYKI.J;MJ1 Ha OCHOBe ITOJIMMepoB M cpoccpa TOB KaJib

l.J;MH oco6bre Ha,n;e:>K,ZJ;bl B03JiaraIOT Ha MeTO,ZJ;bl 6bICTpo

ro rrpOTOTMITMpoBaHMH ( MJIM a,n;,n;MTMBHOro rrpOM 3BO,ZJ; 

CTBa) [12]. TpexMepHaH Mo,n;eJib Tpe6yeMoro cppar

MeHTa TKaHM rrau;MeHTa MO:>KeT 6bITb rronyqeHa , Ha

rrpMMep , Ha peHTreHOBCKOM KOMITbIOTepHOM TOMOrpa

cpe C BbICOKMM pa3pellieHMeM M 3a TeM orrepa TMBHO 

M3fOTOBJieHa ee ToqHaH KOITMH-KOHCTPYKI.J;MH M3 oc

TeOrrJiaCTMqecKMX MaTepMaJIOB 3a,n;aHHOro COCTaBa , 

rrpMro,n;HaH ,D;JIH MMITJiaHTaI.J;MM. B rrpou;ecce M3fOTOB

Jie HMH OCTeorrJiaCTMqecKoro M3,D;eJIMH ero MO:>KHO ,n;o

ITOJIHMTb orrpe,n;eJieHHbIMM ,n;eTaJIHMM, a TaKme 3a 

rrporpaMMMpOBa Tb C03,ZJ;aHMe Tpe6yeMOJ1 BHyTpeHHeM 

apXMTeKTOHMKM. Cpe,n;M Hav16onee pa3pa60TaHHbIX Ha 

cerO,ZJ;HHlliHMJ1 ,n;eHb MeTO,ZJ;OB 6bICTporo rrpoTOTMITMpO-
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BaHMH M TeXHOJIOfMJ1 a,n;,n;MTMBHOI'O rrpOM3BO,ll;CTBa , rro-

3BOJIHIOill;MX MCITOJib30Ba Tb B Ka qecTBe MCXO,ll;HbIX Ma

TepMaJIOB pa3JIMqHbie cpoccpa T bI KaJibl.J;MH M ITOJIMMe

pbI, cne,n;yeT B rrepByIO oqepe,n;b BbI,ZJ;eJIMTb TpexMep

HYIO (3D) rreqaTb [12]. 

UeJibIO HacToHrn;ei1: pa6oTbI 6brJio v13yqv1Tb in vitro 
l.J;MTOCOBMeCTMMOCTb M Ma TPMKCHbie ,ll;JIH KJieTOK CBOJ1-

CTBa cpoccpa TOB KaJibl.J;MH, aJibfMHa Ta M KOMIT03MTOB 

Ha MX OCHOBe, rrpe,n;Ha3HaqeHHbIX ,ZJ;JIH MCITOJib30Ba

HMH B TeXHOJIOfMM 3D-rreqa TM. 

MATEPJ1AJI J1 METO,Uhl 

B Ka qecTBe MCXO,ll;HbIX KOMITOHeHTOB ,D;JIH C03,n;a

HMH KOMIT03MI.J;MOHHbIX Ma TepMaJIOB MeTo,n;aMM 6bICT

poro rrpOTOTMITMpOBaHMH 6bIJIM B3HTbI aJibfMHa T Ha

TPMH M cpoccpaTbI KaJibl.J;MH : TK<P , Kr AM OK<P. Bv10 -

JIOrMqecKMJ1 :>KeJia TMH MCITOJib30BaJIM ,D;JIH CTa6MJIM3a

l.J;MM KOMIT03MI.J;MOHHOro reJIH. 

CMHTe3 rropoU1Ka TK<P v1 Kr A ocyrn;ecTBJIHJIM M3 

BO,ZJ;HbIX pacTBOpOB COJieM M MeTO,ZJ;OM MexaHOXMMM

qecKOJ1 aKTMBaI.J;MM corJiaCHO peaKI.J;MHM : 

3Ca(N0)
2
+2(NH4\ HP04+2NH40H= 

Ca/ P04) 2+6 H4 0 3+2H20 , 
Ca(OH)

2 
+(NH

4
\ HPO 

4 
+(NH

4
)HC0

3 
= 

Ca 1/ P04)(C03\ _1 (OH)1.9 

KepaMMqecKMJ1 rpaHyJIHT M3 CMHTe3MpOBaHHhlX 

Bern;ecTB rroJiyqaJIM ITO TeXHOJIOfMM HeCMelliMBaIOrn;Mx

CH :>KM,ZJ;KOCTeM [ 13] c ITOCJie,n;yIOrn;ei1: TepMv1qecKOJ1 o6-

pa60TKOJ1. 

,UJIH M3rOTOBJieHMH KepaMMKM Ha ocHoBe OK<P MC

rrOJib30BaJIM rpaHyJibI TK<P. Ha rrepBOM 8Tarre rpaHy

JibI TK<P rrepeBO,ZJ;MJIM B ,n;v1KaJibI.J;MMcpoccpa T ,n;v1rn,n;pa T 

(,II:K<P ,II: ) B pacTBopax COJieM opTocpoccpopHOJ1 KMCJIO

Tbl (40°C , pH 4,1-5 ,5 , 7 cyT). 3aTeM rrpoBo,n;MJIM rn,n; 

poJIM3 ,II:K<P,II: c o6pa3oBaHMeM OK<P B pacTBope au;e

TaTa HaTpMH (37°C , pH 2'. 6,5 , 7 cyT) [14]. 

,II:aJiee KepaMv1qecKv1e rpaHy JibI cpoccpa TOB KaJib

l.J;MH BBO,D;MJIM B paCTBOp ITOJIMCaxa pv1,n;a rrpM Herrpe

pbIBHOM rrepeMelliMBaHMM. PacTBOp rro,n;orpeBaJIM ,n;o 
40°C Ha BO,ZJ;HHOJ1 6aHe , a 3aTeM rrpMCbIITaJIM B Hero 

KepaMv1qecKMe rpaHy JibI. PaCTBOpbI C rpaHy JiaMM cpoc

cpa TOB KaJibl.J;MH rrepeMelliMBaJIM ,D;JIH rroJiyqeHMH paB

HOMepHbIX B3Becei1: M cpMKCMpOBaJIM 1 % paCTBOpOM 

XJIOpM,n;a KaJibl.J;MH. 3a TeM B TeqeHMe 12 q rrpOBO,ZJ;MJIM 

cy6JIMMaI.J;MOHHYIO cylliKY o6pa3I.J;OB rrpM BaKyyMe B 

pa6oqei1: KaMepe (6 · 10-5 aTM. , TeMrrepaTypa KOH,n;eH

cMpyIOrn;ei1: ITOBepxHOCTM -50°C ). 

M opcpoJiornIO rroBepxHOCTM M MMKpocTpyKTYPY 

o6pa3I.J;OB MCCJie,n;oBaJIM MeTO,ZJ;OM CKaHMpyIOrn;ei1: 8JieK

TpOHHOJ1 MMKpOCKOITMM (C3M) C ITOMOill;bIO MMKpOCKO

rra Tescan VEG A II ('9:exMH). 

,lXJIH MCCJie,n;oBaHMJ1 in vitro 6bIJia CMHTe3Mp0BaHa 

rra PTMH , HacqMTbIBaIOrn;aH 10 rpaHy JIMpoBaHHbIX o6-

pa3I.J;0B : o6pa3eu; 1 % aJibfMHaTa HaTpMH; K0MI103MT 

aJibrMHaTa HaTpM.H c meJiaTMH0M (80 / 20 ); 3 o6pa3u;a 

Kanbu;v1r1cpoccpaTHor1 KepaMMKM (Kf A , TKcI:> v1 OKcI:>) 

M 5 o6pa3I.J;OB K0MI103MI.J;M0HHbIX Ma TepMaJI0B ( aJib

fMHa T HaTpMH - KaJibl.J;MMcpoccpaTHa.H KepaMMKa ; 
Ta6JI. 1). 
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Ta6n. 1. <Pll13111KO-Xll1Mll14BCK8R xapaKTBPll1CTll1K8 MaTep111anoB, 

Cll1HTB3117p0B8HHb/X ,IJ,J7R OLl,BHK/11 Lf,ll1TOCOBMBCTll1MOCTll1 in vitro 

MaTepMaJI TMII pH 

A.rrbrlirna T 1 % II0.1n1Mep 6,2-6,3 

AJibrli1HaT/me.rraTli1H (80/20) IIo.rrli1Mep 6,6 

OK<P K epaMli1Ka 7,2 

KrA KepaMli1Ka 7,4 

TK<P KepaMli1Ka 7,3 

A.rrhrli1HaT/OK<P 7,5 Mace.% 
KoMII03li1IJ;li10HHbIM 7,1 

MaTepli1a.rr 

A.rrhrnHa T / Kr A 7, 5 Mace.% 
KoMrr03li1IJ;li10HHbI:i1 7,1 

MaTepli1a.rr 

A.rrhrli1HaT/TK<P 7,5 Mace.% 
KoMrr03li1IJ;li10HHbI:i1 7,2 

MaTepli1a.rr 

A.rrhrli1Ha T / me.rra Tli1H/TK<P KoMrr03li1IJ;li10HHhIM 7,3 
7,5 Mace.% MaTepli1a.rr 

AJibrli1HaT /TK<P /Kr A/OK<P KoMII03li1IJ;li10HHbIM 
7,2-7 ,3 (3/3/1 ,5 Mace.%) MaTepli1a.rr 

II p I1 M e Cf a H I1 e . p H ITOJIHOJ!l pOCTOBOJ!l cpe,[J;bl C rpatty.rra
MJ/I MaTep 11a.rra (1:10 rro o6'heMy). Pa3Mepbr rpatty.rr Bcex 11c 
c.rre,z:i:0Ba HHbIX MaTep11a.rroB COCTaBJI.HJII-1 500-750 MKM. 

B COOTB eTCTBJ1J1 C pa3pa6oTaHHbIM paHee a.rrropMT

M OM J1CCJie,r:i;oBaHJ1H HOBbIX 6110MaTepr1a.rroB , rrpe,ll,Ha3-

Haqe H HbIX ,[I;JIH peKOHCTPYKIJ;l1l1 KOCTHbIX ,ll,ecpeKTOB, 

Ha rr epBOM ::narre rrpoBeJIJ1 ou;eHKY MX IJ;l1TOCOBMeCTJ1-

M OCTJ1 in vitro ( c u;eJibIO J1CKJIIOqeHJ1H TOKCJ1qHbIX o6-

pa 3 IJ;OB MaTepMaJIOB) , a TaK:>Ke r13yqeHJ1e MaTpMKC

HbIX (,D;JIH KJieTOK) CBO:VICTB rrpr1 ,D;JIMTeJibHOM (,ll,O 3 He,ll,) 

COBMeCTHOM KYJibTJ1BI1pOBaHJ1J1 J1 OT6op Har160.rree 

rrepcrreKTMBHbIX o 6pa3IJ;OB. 

3KcrrepMMeH T bl in vitro BbIITOJIHeHbl Ha MO,l],eJIM 

,ll,BYX a,z::i; r e3l1OHHbIX KJieToqHbIX JIJ1HJ1M: J1MMOpTaJIJ1-

30BaHHb I X cpr16po6.rracTOB qeJIOBeKa ( <P "9:)' WTaMM 

1608 hTERT, .rr106e3H O rrp e,z::i;ocT aB.rreHHbIM rrpocp. 

E .E. Eropo BbIM ( Ii1HCTMTYT Mo.rreKy.rrHpHoi1 6r10.rrornr1 

MM. B.A. 3Hre .rrbrap,z::i;Ta PAR, MocKBa) 11 ocTeocapKo

M bI qe.rroBeKa JIMHMM MG- 63 (Ii1HCTMTYT u;r1To.rrorr111 

PAR, Poccr1i1:cKaH Ko.rr.rreKu;MH KJieToqHbIX KYJibTYP, 

CaHKT- IleTep6ypr ). 

IIepe,ll, HaqaJIOM 3KCrrepMMeHTOB CTepMJibHhle 

(y- 06.rryqeHMe 15 Kfp) o6pa3IJ;bl paCKJia,l],bIBaJIM B 96-

.rryHoqHbie rr.rraHweTbI ,z::i;.rrH KY JibTJ1Br1poBaHJ1H ( «Cos

tar», CIIIA): Ha Ka:>K,l],bIM cpoK J1HKy6au;r111 - 1 ITJiaH

weT (Ka:>K,l],aH rrpo6a - B TPMITJieTax) 11 3a.rrr1Ba.rrr1 

ITOJIHOM pocToB oi1 cpe,ll,oi1 ( IIPC): cpe,z::i;a ,UMEM (IlaH-

3 Ko, MocKBa) , 10% 3M6pMOHaJibHaH TeJIHqb,H CbIBO

pOTKa ( PAA, ABcTpMH) , r.rrIOTaMMH (0,65 Mr /M.rr), 

reHTaMMIJ;l1H (50 MKr /M.rr). IIoc.rre ycTaHOBJiemrn Hei1-

TpaJibHbIX 3Ha-Y:eHJ1M pH (1-3 cyT 3KCIT03l1IJ;l1l1 o6-

pa3IJ;OB B IIPC co cMeHoi1 cpe,ll,bI) B ITJiaThI c r1cc.rre

,ll,yeMbIMJ1 06pa3u;aMJ1 ( OITbIT) J1 6e3 HJ1X (KOHTpOJib 

- KYJibTypaJibHbIM ITJiaCTJ1K ITOJIJ1CTI1peH) BHOCJ1JIJ1 

KJieTO-Y:HYIO cycITeH3MI-O (Ky.rrbTYPY <P"ll B ITJIOTHOCTM 

20 TbIC. K.rreToK Ha .rryHKY MJIM MG-63 - 15 TbIC. 

KJieToK Ha .rryHKy) B o6oeMe 200 MK.TI IIPC 11 J1HKy

fo1poBaJIJ1 B Te-Y:ettr1e 1-21 cyT c perymipHo:vr 3aMe

Hoi1 IIPC. Bee oITepau;MM ocyrn;ecTBJIHJIM B cTepr1.rrb

HbIX ycJIOBJ1.HX B aTMOCcpepe BJia:>KHOro BO3,ll,yxa, 

CO,ll,epmarn;ero 5 % CO2, ITPM 37°C. 
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JK113Hecrroco6HocTb KJieToqHbIX JIJ1HJ1M cp-q 11 MG-63 

B ,z::i;r1HaMJ1Ke ou;eHr1Ba.rrr1 c ITOMOll;bIO MTT-TecTa, KO

TOpbn1 OCHOBaH Ha CITOC06HOCTJ1 ,l],efl1,ll,poreHa3 )KJ1-

BbIX KJieTOK BOCCTaHaBJIJ1BaTb 3-(-4,5-,D;J1MeTJ1JITJ1a-

30JIJ1JI-2)-2,5 -,ll,l1cpeHJ1JITeTpa30JIJ1M 6poMMCTbIM (MTT, 

«Sigma », CIIIA) B cpopMa3aH. Ko.rrr1qecTBO o6pa3o

BaBwerocH cpopMa3aHa xa paKTepr13yeT ITpo.rrMcpepa

TMBHYIO aKTMBHOCTb ( :>Kl13HecIToco6HocTb / KOJIM-Y:ecTBO) 

pa3JIJ1-Y:HbIX KJieTOK qeJIOBeKa J1 )KJ1BOTHbIX [ 15]. 

Ha Ka:>K,ll,OM cpoKe 3KCITepr1MeHTa paccqJ1TbIBa.rrr1 

Be.rrr1qr1Hy ITYJia :>Kl13HecIToco6Hbrx KJieToK (IIJKK) ITO 

OTHoweHMIO K KOHTpo.rr10. Ma Tepr1a.rr cqr1Ta.rrr1 HeTOK

CM-Y:HbIM B OTHOWeHJ1J1 KJieToqHOM JIJ1HJ1J1 ITPM 3Ha qe

HJ1HX IIJKK qepe3 24 q KYJibTJ1B11poBaHJ1H ~ 60%. Ma

Tepr1a.rr cqJ1TaJIJ1 IJ;l1TOCOBMeCTJ1MbIM ITPM OTCYTCTBJ1J1 

IJ;l1TOTOKCJ1qHOCTJ1 J1 HaJIJ1-Y:J1J1 Ma TPMKCHbIX CBOMCTB 

ITOBepxHOCTJ1 ( CITOC06HOCTJ1 OITbITHOro 06pa3u;a Ma Te

pr1a.rra ,z::i;.rrr1TeJibHO, He Mettee Tpex He,ll,eJib, ITO,l],,ll,ep

:>KMBa Tb KJieToqHyIO 3KCITaHCJ1IO ITO Kpai1Hei1 Mepe Ha 

ypoBHe KOHTpo.rrbHbIX 3Ha qettr1i1). Ha 3TaITax 3KCITe

pr1MeHTOB ocyrn;ecTBJIHJIJ1 Bl13yaJibHbIM KOHTpOJib 3a 

ITpou;eccaMJ1 3KCITaHCJ1J1 KJieTKaMM ITOBepXHOCTJ1 6110-

Ma Tepr1aJIOB J1 Cf)OTOa pXI1BI1pOBaHMe. 

O6pa6oTKY ITOJiy-Y:eHHbIX pe3y JlbTa TOB ITpOBO,l],J1JIJ1 

CTaH,ll,apTHbIMJ1 MeTO,l],aMM Bapr1au;r10HHOM CTaTJ1CTJ1-

KJ1 c r1crroJib30BaHMeM rraKeTa ITporpaMM Microsoft 

Excel 2000. ,UocToBepttocTb pa3.rrr1qr1i1 ou;eHr1Ba.rrr1 c 

J1CI1OJlb3OBaHMeM ITapaMeTpM-Y:eCKOro t-KpMTepMH 

CTbIO,D;eHTa; CT a TJ1CTJ1qecKJ1 3Ha -Y:J1MbIMJ1 C-Y:J1TaJIJ1 

pa3.rrr1qr1H ITPM p<0 ,05. 

PE3YJlhTAThl 

PeHTrettocpa30Bbri1: aHa.rrr13 ITOKa3a.rr, -Y:TO M3rOTOB

.rreHHbre o6pa3IJ;bl COOTBeTCTBYIOT 3a,l],aHHbIM COCTa

BaM. Mopcpo.rrorMH ITOBepxHOCTJ1 J1 MMKpOCTPYKTypa 

MCC.rre,z::i;yeMbIX o6pa3IJ;OB ITpe,ll,CTaBJieHbl Ha pr1cyHKe. 

Ha MO,l],eJIM JIJ1HJ1J1 cp-q I1OKa3aHO , qTo B KOHTpOJie 

(ITpl1 KYJibTJ1BI1pOBaHJ1J1 cpr16po6.rracTOB Ha I10JIJ1CTJ1-

peHe) ITPOMCXO,l],MT Ha pacTaHMe BeJIJ1-Y:J1Hbl OITTM-Y:eC

KOM ITJIOTHOCTJ1 paCTBOpa cpopMa3aHa ,l],O 14 cyT Ha-

6.rr10,z::i;eHJ1H C cpopMI1pOBaHMeM ITJIOTHOro MOHOCJIOH J1 

,l],a.rree - CHJ1:>KeHJ1e BeJIJ1qJ1Hbl ,l],aHHOro ITOKa3a TeJIH 

B rroc.rre,l],HIOIO He,l],eJIIO KYJibTJ1BI1pOBaHMH, qTO CBH3a

HO c TopMo:>KeHMeM pocTa KY JibTYPbI Bc.rre,ll,CTBMe ,l],e

cpr1u;r1Ta ITOBepxHOCTJ1 ,l],JIH KJieToqHoM 3KCITaHCJ1J1 

(Ta6JI. 2). 

Ilpr1 r13yqeHJ1J1 pocTa KYJibTYPbI <P1i Ha rpatty.rrr1-

poBaHHbIX o6pa3u;ax aJibfJ1Ha Ta Ha TPMH 1 % J1 KOMIT0-

3l1THOM o6pa3u;e aJibfJ1Ha Ta C me.rra TJ1HOM ycTaHOB

JieHO, -Y:TO , HeCMOTpH Ha TO, qTo BeJIJ1-Y:J1Ha OITTJ1qec

KOM ITJIOTHOCTJ1 paCTBopa cpopMa3aHa B 3TJ1X OITbIT

HbIX rpyITITax ITpaKTJ1qecKJ1 Ha Bcex cpoKax Ha6.rr10-

,l],eHJ1H 6bIJia ,l],OCTOBepHO HM:>Ke, -Y:eM B KOHTpo.rre, ITO

ITY JIHIJ;MH cpr16po6.rracTOB Ha HMX, Haqr1HaH c 3-x cyTOK 

KYJibTJ1BI1pOBaHMH, HeyKJIOHHO BO3pacTa.rra J1 ,l],OCTJ1-

ra.rra 3Ha -Y:eHMM, 6JIJ13KJ1X K KOHTpOJibHbIM Ha 21-e cyT

KJ1 (CM. Ta6JI. 2). TaKMM o6pa30M, o6pa3IJ;bl aJibrMHaTa 

1 % J1 ero KOMIT03l1Ta C me.rra TJ1HOM HeTOKCJ1-Y:Hbl B OT

HOWeHJ1J1 KYJibTYPbI cp-q J1 06.rra,l],aIOT y,ll,OBJieTBOpl1-

TeJibHbIMJ1 ,l],JIH KJieTOK Ma TPl1KCHbIMJ1 CBOMCTBaMJ1 
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MopcpOJIOfJ,1.H rroBepxHOCTM J,1 MMKpo

CTPYKTypa v1ccJie,n:yeMhrx 06pa3u;oB. 

a - aJibrJt1HaT HaTpMH 1 %, 
6 -TK<P, 
B - KI'A , 
2 - OK<P, 
a - aJibrMHaT/TK<P 7,5 Mace.%; 
e - aJibrMHaT/ Kf A 7,5 Mace.%, 
'J/C - aJibrMHaT / OK<P 7,5 Mace.%, 
3 - aJihrMHaT/ TK<P/ KfA / OK<P 
(3/ 3/ 1,5 Mace.%). 

TIOBepxHOCTM ( cnoco6HOCTbIO TIO,[J;,D;ep:arnBa Tb ,[J;JIMTeJib

HY IO npOJIMcpepau;MIO KJieTOK) , T.e. RBJIRIOTCR I.J;MTO

COBMeCTMMbIMM. 

Ou;eHKa I.J;MTOCOBMeCTMMOCTM TIRTM o6pa3LI;OB KOM

TIO3MLI;MOHHbIX Ma TepMaJIOB B CMCTeMe aJibfMHa T -

cpoccpa Tbl KaJibLI;MR B COTIOCTaBJieHMM C MX COCTaBJIR

IOI.IJ;MMM TIOKa3aJia , 1.JTO HaMMeHee y ,D;a 1.JHbIMM J,13 3TMX 

M aTepMaJIOB -oKa3aJIMCb KOMTI03MTbI c OK<P, BepoRT

HO, B CMJIY co6CTBeHHO:W I.J;MTOTOKCM"LIHOCTM TIOCJie,D;He

r o: BeJIM"LIMHa IDKK ,D;JIR OK<P cocTaBJIRJia 39 ,3 % -qe

pe3 1 cyT , 14,6 % - -qepe3 2 He,D; M 27 , 8 % - -qepe3 

3 He,[J; KY JibTMBMpOBaHMR. HecMOTpR Ha TO 1.JTO KOMTI0-

3 MT aJibrMHaTa c OK<P He npoRBJIRJI TOKCM"LIHOCTM B 

OTHOilleHMM KY JibTYPbI cpH6po6JiaCTOB Ha nepBbIX cpo

K aX Ha6JIIO,[J;eHMR, OH npo,D;eMOHCTpMpOBaJI Hey,D;OBJieT

BOpMTeJibHbie Ma TPMKCHbie CBO:WCTBa : nony JIRLI;M R cp q 

Ha ,D;aHHOM 06pa3u;e Kpa:wHe Me,D;JieHHO Ha pacTaJia ,D;O 

10 cyT KY JibTMBMpOBaHMR c TIOCJie,D;yIOI.IJ;MM BbIXO,[J;OM 

Ha TIJia TO ( CM. Ta6JI. 2 ). Bm13KMe pe3y JibTa TbI 6bIJIM 

noJiy1.JeHbI M ,B;JIR 06pa3u;a aJibrnHaT / TKcp / Kr A/ 
QKcp (CM. Ta6JI. 2). 

IlpM attaJIM3e noBe,D;eHMR cpq Ha 06pa3u;ax TK<P, 

KOMTIO3MLI;MOHHhlX MaTepMaJiax COCTaBa aJibfMHaT / 
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TK<P M aJibrnHaT / :meJiaTMtt / TK<P BbIRBJieHo oTcyT

CTBMe TOKCM"LIHOCTM J,1 HaJIM"LIMe BbipameHHbIX Ma TpMK

CHbIX CBO:WCTB TIOBepxHOCTM. TaK, Hal.JMHaR c 3-x c y 

TOK KYJibTMBMpOBaHMR M ,[J;O KOHLI;a 3KCTiepMMeHTa , 

BeJIMl.JMHa OTITM"LleCKO:W TIJIOTHOCTM pacTBopa cpopMa-

3aHa B o6pa3u;ax TKcp CTa TMCTW{eCKM 3Ha 1.JMMO npe

BbIIllaJia KOHTpOJibHbie 3Ha"LleHMR ( CM. Ta6JI. 2 ) . YKa-

3aHHbie BbIIlle KOMTIO3MLI;MOHHbie Ma TepMaJibI TaKme 

6bIJIM HeTOKCMl.JHbI , npM 3TOM Ha KOMTI03MTe aJibfJ,1 -

HaT / :meJiaTMH/ TKcp cpq npOJIMcpepMpOBaJIM ,IJ;OCTO

BepHO aKTMBHee ' 1.JeM Ha o6pa3u;e COCTaBa aJibfMHa T / 

TKcp ( CM. Ta6JI. 2 ) . 

IloJIO:>KJ/ITeJibHbie pe3y JibTa TbI 6bIJIJ/I rroJiy"LJeHbI 

M ,IJ;JIH Kr A M ero KOMI1O3J/ITa C aJibfJ/IHa TOM. KaK 

BJ/1,ll;HO J/13 Ta6JI. 2 , Kr A HeTOKCJ/11.JeH ,IJ;JIR KJieTOK, a 

HapacTaIOw;aH OITTJ/11.JeCKaH ITJIOTHOCTb paCTBOpa 

cpopMa3aHa B ,ll;J/IHaMMKe 8KCrrepJ1MeHTa CBJ/1,IJ;eTeJib

CTByeT O HaJIJ/11.JMJ/I yMepeHHbIX Ma TPJ/IKCHbIX (,z::i;JIH 

KYJibTYPbI c:pq ) cBo:wcTB ero rroBepxttoCTJ/1. B TO me 
BpeMH tj:)J16po6JiaCTbI 6oJiee 3cpcpeKTJ/IBHO KOJI0HJ/I -

3J/IpOBaJIJ/I ITOBepxHOCTb KOMI1O3J/ITa aJibfJ/IHa T / Kr A 
ITO cpaBHeHJ/IIO C ero C0CTaBJIHIOUJ;J/IMJ/1. TaK, ITOCJie 

rroceBa c:p-q Ha ,z::i;aHHbI:W KOMI1O3J/IT 3Ha 1.JeHJ/IH OITTJ/1 -
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Ta6n. 2 . 8 eJ1 /ll l../ /11Hbl onTlll l../eCKOM nf70THOCT/11 pacrnopa c/)opM838H8 ( M TT-TeCT) Ill nyna >K/113Hecnoco6 Hb/X ct>Lf (n>KK) B ,D,IIIH8M/11Ke 
KYJ7b T/IIBll1p088HIIIH 

CpoR 3RCrreplilMeHTa, cyTRJtl 
O6pa3eu; 

1-e 3-lil 7-e 10-e 14-e 17-e 21-e 

Ilo.1rn:cTv1peH 
0,211 ± 0,00 8 0,334±0,022 0,630±0,008 0, 759±0 ,030 1,098±0,01 4 1,00 6±0,015 0,906±0,000 

(ROHTpOJib ) 

AJihrMHa T 1 % 
0,140±0,003* 0,199±0 ,006* 0,448±0,006* 0,583±0,030* 0, 715±0,007* 0,897±0,043* 0,9 10±0,034 

66,4 59, 6 71 ,1 76,8 65 ,1 89,2 100 ,4 

AJibrMHa T / 0,143 ± 0, 005* 0,179±0,001 * 0,449±0,008* 0,523±0,031 * 0,854±0,022* 0,672±0,015* 0,822±0,036 
m.eJiaTMH 

53, 6 71 ,3 68 ,9 77 ,8 66 ,8 90 ,7 (80 /20) 67,7 

OK<P 
0,083±0,003* 0,033±0,002* 0,053±0,009* 0,048±0,006 ':' 0,160±0,003* 0, 122±0,036* 0,252±0,01 3* 

39,3 9, 9 8,4 6,3 14,6 12,1 27 ,8 

KfA 
0,133±0,000* 0,287 ±0 ,016 0,518±0,014* 0,638±0,031 0, 798±0,049* 0,801±0,014* 

63,0 85,9 80 ,2 84 ,1 72,7 79,6 

TK<P 
0,173±0 ,006* 0,4 15±0 ,005* 0,898±0,018* 0,990±0,007 * 1,245± 0,029* 1, 192±0,026 * 1,402±0 ,007* 

82,0 124,3 142,5 130,4 113,4 118,5 154,7 

AJibrMHaT / 0,144±0,001 * 0,23 1±0,007 * 0,422±0,015* 0,503±0,011 * 0,478±0,032* 0,437±0,005* 0, 520±0,01 4* 
OK<P 68,2 69 ,2 67,0 66 ,3 43 ,5 43,4 57,4 

AJihnrna T / 0,185±0,008 0,363±0 ,009 0, 792±0 ,015* 1,117±0,014* 1,227±0,031 * 1,286±0,166 1,292~0 ,049* 
KfA 87,7 108 ,7 125,7 147,2 111 ,7 127 ,8 142,6 

AJihrMHa T / 0,161 ±0,002* 0,254±0 ,00 3* 0,534±0,01 7* 0,670±0,017 0,835±0,008* 0,814±0,023* 0,804±0 ,003* 
TK<P 76,3 76 ,0 84 ,8 88 ,3 76 ,0 80 ,9 88 ,7 

AJihrnHaT/ 0,175 ± 0,004* 0,289 ±0 ,009 0,654±0,011 0,665±0,004 0,866±0,018* 0, 734±0,034* 0,962±0,033 
meJiaTMH/ 

82,9 86 ,5 103,8 87 ,6 78 ,9 73 ,0 106 ,2 TK<P 

AJibrMHaT / 0,15 1±0,002* 0,220±0 ,00 3* 0,488±0,003* 0,598±0,050 0,613±0,008* 0,627±0,026* 0 ,576 ± 0 ,016* 
TK<P/KfA/ 71,5 65,9 77 ,5 78,8 55,8 62 ,3 63,6 OK<P 

II p J/1 Mel.{ a H Ji! e. 3,n;ecb Ji! B Ta6JI. 4: B l.-!Ji!CJIJ/ITeJie - 0 ITTMt.-I eCKaH ITJI0TH0CTb ( B y e.JI. e,n; .), B 3HaMeHaTeJie - Il:>KK 
(B % 0TH0CMTeJibH0 KOHTpOJIH). * - CTaTJ.1CTJ.1t.-IeCKJ.1 3Hat.-IMMaH pa3HMU,a C K0HTp0JieM (p<0 ,05). 

T-recKoM ITJI0TH0CTM pacTBopa cpopMa 3 aHa cTa6 MJib

H0 Ha pacTaJIM B Te-Y:eHMe Bcero rr e p 110,n;a Ha6 JIIO,n;e 

HMH , a BeJIM-Y:MHa IllliK, Ha -Y:MHa.H C T p eTbMX cyTOK 

KYJibTMBMpOBaHM.H, rrpeBbilllaJia KOH T p OJibHbie 3Ha 

-Y:eHM.H ( CM. Ta6JI. 2 ). 

,UaJiee ,ZJ;JI.H Tpex o6pa3I.J;OB K0MIT03MI.J;M0 HHbIX Ma

TepMaJI0B M J.1X C0CTaBJI.HIOI.U;J.1X 6 bIJIJ.1 paCC-Y:J.1TaHbI 

BeJIM-Y:J.1HbI rrpMp0CTa rry Jia cp q B ,ZJ;J.1HaMJ.1Ke K Y JibTJ.1-

BMp0B aHJ.1.H. IloKa3aHo, -Y:T0 K J.1cxo ,n;y 2-M H e ,n;eJIJ.1 

Ta6n . 3 . Ben111l../111Hb1 np111poc rn nonynHu.111111 KneTOK ct>Lf ( a % 
OTHOCll1TeJ7bHO nepBb/X cyTOK) Ha 3Tanax KYJ7b T/IIBIIIPOB8H/llfl 

O6pa3eu; 
3Tarr RynhTlilBY1pOBaHlilR, cyTRJtl 

3- Jtl 7-e 10-e 14-e 

IloJIMCTMpeH 
58,3 198,5 259 ,7 420 ,4 

(ROHTpOJib) 

AJihrMHa T 1 % 42 ,1 165,1 245 ,0 323,1 

AJihrMHa T / 25 ,2 214,0 265,7 497,2 m.eJiaTMH (80/20) 

KfA 115,8 289 ,5 379 ,7 500 

TK<P 139,9 419 ,1 472 ,3 620,0 

AJihrMHa T /Kr A 96 ,2 328,1 503,6 563,2 

AJihrnHa T /TK<P 57,8 231,6 316,1 41 8,6 

AJihrMHa T / 
65, 1 273,7 280,0 394,9 

meJiaTMH/TK<P 
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KY JibTJ.1BJ.1pOBaHJ.1.H MJ.1HJ.1MaJibHbIM ,n;aHHbIM ITOKa3a

T e Jib 6bIJI ,ZJ;JI.H aJibI'J.1HaTa HaTpJ.1.H , C0CTaBMB 323, 1 % , 

MaKCJ.1MaJibHbIM - ,n;JIH TKcp : rrpMpocT rrorry JIH I.J; MM 

cp116po6JiaCTOB B yKa3aHHbie cp0KJ.1 C0CTaBJ.1JI 620% 

(Ta6JI. 3 ) . 

BTopor1 TecT-Mo,n;eJihIO ,n;JIH J.1CCJie,n;oBaHJ.1.H I.J;J.1T0 -

coBMeCTJ.1MOCTJ.1 KOMI103J.1I.J;J.10HH bIX Ma TepMaJIOB COCTa -

Ba I10JIJ.1Caxa pM,n; - cpoccpa Tb! KaJibI.J;J.1.H .HBJ.1JiaCb JIJ.1 -

HJ.1.H ocTeocapK0MbI -Y:eJioBeKa MG-63. C Jie,n;yeT 0TMe

TMTb , -Y:TO B KOHTpOJie (rrOJIMCTMpeH) 3Ta KJieTO-Y:Ha.H 

rrorryJIHI.J;J.1.H 6oJiee aKTMBH0, -Y:eM cpq HapacTaJia B Te 

-Y: e HMe 3 He,n; , 0 -Y:eM CBJ.1,IJ;eTeJib CTB0BaJIJ.1 I10Ka3a TeJIJ.1 

OITTJ.1-Y:eCKOM ITJIOTHOCTJ.1 pacTBopa cpopMa3aHa Ha 3Ta

rrax 3KcrrepMMeHTa (Ta6JI. 4). 
AHaJIJ.13 pe3y JihTa T0B KY JibTJ.1BJ.1poBaHJ.1.H M G-63 Ha 

o6pa3u;e aJibI'MHa Ta Ha TPJ.1.H 1 % I103B0JIMJI pacu;eHJ.1Tb 

ero KaK I.J;J.1TOCOBMeCTJ.1MbIJ1 , HeCM0TpH Ha TO, -Y:T0 -Y:e

pe3 cyTKJ.1 K ero ITOBepXHOCTJ.1 rrpJ.1KpenJ.1JIOCb JIJ.1Illb 

59% KJieT0K. O ,n;HaKO ,n;aJiee 0 ITTJ.1-Y:eCKaH ITJI0TH0CTb 

paCTBOpa cpopMa3aHa aKTJ.1BHO HapacTaJia, -Y:TO HBJIH 

JI0Cb IT0,ZJ;TBepm,n;eHMeM cyr.u;ecTBeHH0ro yBeJIM-Y:eHJ.1.H 

-Y:J.1CJieHH0CTM rryJia KJieT0K. 3 TOT rroKa3aTeJib, a TaK

me IllliK Ha pa3HbIX CpOKaX Ky Jlb TJ.1BMpOBaHJ.1H CBJ.1-

,n;eTeJibCTBOBaJIJ.1 0 HaJIJ.1-Y:J.1J.1 y M epeHHbI X Ma TPMKCHbIX 

CBOMCTB IT0BepxH 0CTJ.1 ,n;aH H0ro o6p a3u;a M a TepMaJia B 

0TH0illeH J.1J.1 JIMH MJ.1 MG-63 ( CM . Ta6JI. 4). 
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Ta6n. 4. Benw-1v1Hb1 onrw1ecK0111 nnoTHocrv1 pacrnopa cpopMa3aHa (MTT-recr) v1 nyna >Kvt3Hecnoco6HbJX KJ1eTOK (n>KK) nv1Hv1v1 
ocreocapKOMbl:enoaeKa MG-63 B ,D,v1H8Mv1Ke KYflbTVIBvtpoaaHvtfl 

Q6pa3e~ 
CpoK 3KCIIepv1MeHTa, cyTKvt 

- 1-e 3-M 7-e 

IloJu1cTv1peH 
0,395±0,015 0,510±0,010 0,995±0,026 ( K0HTpOJib J 

AJihmHaT 1 % 0,233±0,000* 0,364±0,016* 0,889±0,057 
59,0 71,4 89,3 

AJihrJ1HaT/ 
0,196±0,005* 0,349±0,002* 1,098±0,047 meJiaTv1H 

(80/20) 49,6 68,4 110,4 

OKcf:> 0,267±0,009* 0,226±0,014* 0,273±0,039* 
67,6 44,3 27,4 

KrA 0,317±0,012* 0,514±0,008 1,294±0,062* 
80,3 100,8 130,0 

TKcf:> 0,395±0,008 0,761±0,009* 1, 773±0,068* 
100,0 149,2 178,2 

AJihmHa Tf 0,232±0,004* 0,326±0,007* 0,600±0,043* 
OKcf:> 58,7 63,9 60,3 

AJihrv1Ha T / 0,304±0,008* 0,581±0,016* 1,562±0,059* 
KI'A 77,0 113,9 157,0 

AJihrv1Ha T / 0,232±0,011 * 0,356±0,012* 0, 765±0,045* 
TKcf:> 58,7 69,8 76,9 

AJihrv1Ha T / 0,262±0,003* 0,426±0,003* 0,861±0,018* 
meJiaTv1H/ 

TKcf:> 66,3 83,5 86,5 

AJihrv1Ha T / 0,218±0,004* 0,365±0,006* 0, 747±0,033* 
TKcf:>/KI'A/ 
OKcf:> 55,2 71,6 75,1 

Ilpv1 v1ccJie,n;oBaHMM rroBe,n;eHMR KYJibTYPbI MG-63 

Ha rpaHyJiax OK<P o6Hapy:meHo, qTo rrpv1 cpaBHMTeJib

HO BbICOKMX ITOKa3a Te.JI.RX OITTMqecKOM ITJIOTHOCTM pa -

CTB0pa cpopMa3aHa (0 ,267 ye.JI . e,n; . rrp0TMB 0,395 ye.JI. 

e ,n;. B KOHTpOJie) J1 y,n;oBJieTBOpMTeJibHOM BeJIJ1qJ1He 

I DKK qepe3 24 q KYJibTMBMpoBaHMR ,n;aJiee 3T0T Ma

Tepv1aJI rrp0RBMJI T0KCJ1qHQCTb , TaK KaK C yBeJIJtiqeHM

e M cpoKa MHKy6au;v1v1 , HeCM0TpR Ha rrepM0,D;JtiqecKyIO 

c MeHy IIPC, IIJKK HeyKJI0HH0 cHv1:maJICR. B K0Mrro-

3 MTe C aJibfMHa TOM Ha TPMR TOKCJ1qHOCTb ,D;JIR JIMHMM 

MG-63 OK<P He rrpoRBJIRJI , ,n;eM0HcTpv1pyH yMepeH

Hbre MaTpMKCHbie CBOMCTBa , paBH0 KaK J1 06pa3eu; aJib

rMHaT / TK<P / Kr A / OK<P, MaTpMKCHbie CBOMCTBa K0-

Toporo TaK:me, Bep0RTH0, orrpe,n;eJIRJIMCb C0CTaBJIR

IOw;eti Ha 0CH0Be IT0JIMCaxa pv1,n;a ( CM. Ta6JI. 4 ). 

Bbrpa:meHHbre Ma TPMKCHbre CBOMCTBa rroBepxHoc

TM B 0THoweHMM KYJibTYPbI MG-63 rrpo,n;eMoHcTpM

poBaJIM Kr A M KOMIT03MT COCTaBa aJibfMHaT / Kr A. 
TaK, Ha rpaHy Jiax Kr A qepe3 24 q KY JibTMBMpoBaHMR 

0 Ka3aJI0Cb 80,4% rryJia BbICeRHHbIX KJieT0K, a ,n;aJiee 

rrorryJIRIJ;MR MG-63 rrporpeccMBH0 HapacTaJia , o qeM 

CBM,D;eTeJibCTB0BaJI0 yBeJIJtiqeHMe OITTJtiqecKOM ITJI0T

H0CTM pacTBopa cpopMa3aHa M IIJKK Ha 3Tarrax Ha-

6.Jiro,n;eHMR. Ha KOMIT03MTe cocTaBa aJibrMHa T / Kr A 

aKTMBHaR 3KCITaHCMR ITOBepxHOCTM rrpOMCXO,D;MJia 

C 3-x cyTOK J1 ,n;o 3aBepweHMR KYJibTMBMpOBaHMR 

( CM. Ta6JI. 4). IloJiyqeHHbre ,D;JIR JIMHMM MG-63 ,n;aHHbre 

ITO,D;TBepm,n;aIOT IJ;MTOC0BMeCTMMOCTb J1 y,n;oBJieTB0pM-

33 

10-e 14-e 17-e 21-e 

1,345±0,021 1,629±0,010 1,843±0,049 2,675±0,037 

1,007±0,010* 1,015±0,022* 1,159±0,000* 1,606±0,000* 
74,9 62,3 62,9 60,0 

1,105±0,047* 1,264±0,031 * 1,198±0,063* 1,694±0,000* 
82,2 77,6 65,0 63,3 

0, 160±0,025* 0,126±0,017* 0 ,378±0,000* 
11,9 7,7 20,5 

1,691±0,013* 1,811 ±0,023* 2,241 ±0,046* 3,084±0,130* 
125,7 111,2 121 ,6 115 ,3 

1,965±0,033* 2,260±0,095* 2,653±0,168* 2,868±0,167 
146,1 138,7 144,0 107 ,2 

0, 798±0,026* 1,037±0,016* 1,093±0,007* 1,626±0,068* 
59,3 78,0 59,3 60,8 

1,805±0,056* 1,818±0,049* 1,858±0,060 2, 725±0 , 110 
134,2 111,6 100 ,8 101 ,9 

0,944±0,016* 1,248±0,019* 1,349±0,079* 1,918±0 ,120* 
70,2 76,6 73 ,2 71 ,7 

1,021 ±0,030* 1,339±0,057* 1,630±0,077 2,320~0 ,037* 
75,9 82,2 88 ,4 86 ,7 

0,863±0 ,054* 0,835±0,034* 1,161±0,083* 1,454±0,142* 
64,2 51 ,3 63 ,0 54,4 

TeJibHbie Ma TPMKCHbie CBOMCTBa KaK KOMIT03MTa B u;e

JI0M, TaK J1 ero C0CTaBJIRIOUJ;MX. 

IIorryJIRIJ;MR MG-63 aKTMBHO rrpv1KperrJIRJiaCb K 

rpaHyJiaM TK<P M rrpoJiv1cpepv1poBaJia: qepe3 cyT K M 

ITOCJie rroceBa Ha ITOBepXH0CTM ,n;aHHOfO Ma TPMKCa 6bIJI 

BbIRBJieH rrpaKTMqecKM Beeb rryJI KJieTOK , a K 1 7 -M 

cyTKaM rrorryJIRIJ;MR KJieTOK 3HaqJ1MO rrpeBbIWa Jia 

K0HTP0JibHbie 3HaqeHMR ( CM. Ta6JI. 4 ). 

KoMrr03MIJ;MOHHbrti Ma Tepv1aJI cocTaBa aJibfMHa T / 

TK<P, HecMoTpR Ha HeBbICOKMe 3Ha qeHMR IIJKK B 1-e 

cyTKM 3KCrrepMMeHTa , ,n;aJiee rrpORBMJI ce6R KaK IJ;MTO

COBMeCTMMbIM C y,n;oBJieTBOpMTeJibHbIMM MaTpMKCHbl

MM CBOMCTBaMM , KOT0pbie 06ecrreqv1BaJIMCb, BepoRT

H0, B 3Ha qv1TeJibHOM Mepe HaJiv1qv1eM TK<P B ero c o 

cTaBe. TaK, OITTJtiqecKaR ITJIOTHOCTb paCTBOpa cpopMa-

3aHa ,D;JIR 3T0fO o6pa3u;a yBeJIJ1qJ1BaJiaCb Ha rrpoTR

meHMM BCero rrepv10,n;a KYJibTMBMpOBaHMR , a BeJIJ1qJ1-

Ha IIJKK Ha Bcex 3Tarrax ocTaBaJiaCb cTa6MJibHO BbI

coKoti ( CM. Ta6JI. 4) . 

IlpM KYJibTMBMpoBaHMM KJieTOK MG-63 Ha rpaHy

Jiax o6pa3u;a COCTaBa aJibfMHa T / me JI a TMH ITOCJie rro

ceBa K ITOBepxHOCTM rrpMKperrMJIOCb JIMillb 49 ,6 % KJie

TOqHoro rryJia, O,D;HaKO ITOTOM OHM HaqaJIM aKTMBHO 

rrpoJiv1cpepv1poBaTb , B pe3yJibTaTe qero BeJiv1qv1Ha orr

TMqecKoti: ITJIOTHOCTM paCTBOpa cpopMa3aHa M IIJKK 
Ha 7-e cyTKM 3KCrrepMMeHTa ,n;ame HeCKOJibK0 rrpeBbl

CMJia KOHTpOJibHbie 3Ha qeHMR. ,UaJiee CKOpOCTb rrpo

JIMcpepau;MM HeCKOJibKO CHJ13MJiaCb. Ha 06pa3u;e co-
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cTaBa aJibrMH aT / meJianrn/TK<P nonymn.1;r1R MG- 63 
n p o rpe ccMBHO HapacTaJia B T eqeHMe Bcero n e puo~a 

Ha6JIIo~ e H MR co cpaB HMT eJibHO BbICOKMMM 3Ha qeHMR

M M IDKK (cM. Ta6JI. 4). IloJiyq e HHbie pe3yJibTaTbI rro-

3 B OJIMJIM c ~ eJia Tb 3aKJIIOqeH Me O lJ,MTOCOBMeCTMMOCTM 

M HaJIMq MM y ~ OBJieT BOpMTeJibHbIX CBOMCTB TIOBepxHO

CTM KOMI1O3 MU,MOHHOro M a TepMaJia COCTaBa aJibfMHa T / 

meJiaTMH / TK<P M aJibrMHaT / TK<P. 

,I(MHaMMK a npu pocTa n y Jia K JieTOK MG- 63 OK a3a

JiaCb CX O~H OM C TaKO B OM ~JIR <P1-I: n y JI KJie T OK 

MG-63, n puKpe rrMBillMXCR K n o BepxHOCTM p a3HbIX Ma

TepuaJIOB , 6 bIJI pa3HbI M ( CM . Ta6JI. 4), O,[l;H aKO ,z::i;aJi e e 

IllJia aKT MBHaR rrpOJIM cpe paU,MR KJieTOK , rrpuq eM CKO

pOCTb rrpup o cTa rrony JIRU,MM B O B cex OTib ITHbIX rpyn

rrax rrp e B OCXO~MJia KOH T p OJib ( Ta6JI. 5 ). 
TaKMM o6pa30M, H a OCH OB a H MM aHaJIM3a n o JiyqeH

HbIX ,z::i;aHHbIX no ou,eH Ke T OKCMq HOCTM, HaJIMqMJI Ma T

pMKCHbIX ( ,r:i;JIR KJieTOK) CB OMCTB ITOBepxHOCTM M pac

qeTa BeJIMqMHb I npupoc Ta rronyJIRU,MM ~ B Y X KJieToq

HbIX JIMH MM ~ JI R ~aJibHeMII1eJ1 pa60TbI OTo6paHbI aJib

rMHa T 1%, K OMTIO3MT aJibrMH a T / m e JiaTMH (80 / 20 ), 
Kr A , TK<P M K OMI1O3MTb l aJib rMHaT / Kr A , aJibrMHaT / 

TK<P M a JibrMHaT / meJiaTMH/ TK<P K aK HeT o KcuqHbie , 

C y~OBJieTBOp MTeJibHbIMM MaTpMK CHbIMM CBOMCTBaMM 

ITOBepxHOCTM. 

Pa6oma BbtnOJl f-lef-la npu qJUf-lQf-lCOBOU noaaepJICKe 
MuHucmepcmea o6pa3oBaHuR u HayKu P(J) 

(Co2JlaweHue M 14.604.21.0132). 
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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 

BBOCIIORHEHIIII«KPIITIIqEcKMX»KOCTHhlX,UE<l>EKTOB 

lf.51. E03o, P.B. ,l(eee, A.JO. ,l(po6btUtee, B.C. KoMJZee, C.H. PoJJCKOB, JI.JI. EpeMUH, 
H.I' J(aJZcamoe, F.A. BoJZOJICUH, B.Jf. I'paztee, A.JO. (J)eaomoe, A.A. Jfcaee 

1i1HCTMTYT CTBOJIOBbrx KJieToK qeJioBeKa, MocKBa; rBOY BIIO «MocKOBCKMM rocy,n;apcTBeHHbIM 
Me,n;MKO-CTOMaToJiorMqecKMM yHMBepcMTeT MM. A.M. EB,n;OKMMOBa », MocKBa; ct:>fBY «rocy,n;apcTBeHHbIM Hay1.:J:Hbr11 u;eHTp 

PoccMMCKOM ct:>e,n;epau;MM - ct:>e,n;epaJibHbIM Me,D;MD;MHCKMM 6MO(J)M3Ml.:feCKMM u;eHTp MM. A.M. BypHa3.HHa» 
¢MBA PoccMM , MocKBa; ct:>r AOY BO «Ka3aHCKMM (IlpMBOJimCKMM) cpe,n;epaJibHbIM YHMBepcMTeT», Ka3aHb ; 

ct:>fBYH «1i1HCTMTYT MeTaJIJiyprMM M MaTepMaJioBe,n;eHM.H MM. A.A. Ba11K0Ba » PAH, MocKBa; 
fBOY BIIO «IIepBbIM MOCKOBCKMM rocy,n;apcTBeHHbIM Me,n;Mu;MHCKMM YHMBepcMTeT MM. M.M. CeqeHoBa », MocKBa; 

peHTreH,n;MarHOCTMqecKMe Jia6opaTopMM «3Dlab», MocKBa, Pct:> 

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 

I. Ya. Bozo, R. V Deev, A. Yu. Drobyshev, VS. Komlev, S.I. Rozhkov, I.I. Eryomin, 
I.G. Dalgatov, G.A. Volozhin, VJ. Grachyov, A. Yu. Fedotov, A.A. Isaev 

Human Stem Cells Institute, Moscow; A.I. Evdokimov Moscow State University of Medicine 
and Dentistry, Moscow; A.I. Burnazyan Federal Medical and Biophysical Center, Moscow; 

Kazan (Volga region) Federal University, Kazan ' ; A. A. Baikov Institute of Metallurgy 
and Materials Science, Moscow; I.M. Sechenov First Moscow State Medical University, 

Moscow; X-ray Diagnostics Laboratories «3D Lab», Moscow, Russia. 

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 ). 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

0 
30 CYT 60 CYT 90 cyT 

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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PEKOHCTPYKUIUI TA30EE,UPEHHOfO CYCTABA ,UEMMHEPAJIM30BAHHblMM 
AJIJIOMMIIJIAHTATAMM IIPM PEBM3MOHHOM 3H,UOIIPOTE3MPOBAHMM 

A.C. qeKaHoe, B.JJ. BollotuuH, M.B. JleKuiueuflu, A.A. OitKypeHKO, )J.B. MapmbllieHKO 

c:t>fBY «MocKOBCKMM o6JiaCTHOM HayY:HO-MCCJie,n;oBaTeJibCKMM KJIMHMY:eCKv1ti MHCTMTYT MM. M .<P. BJia,n;MMMpcKoro», 

c:t>fBY «UeHTpaJibHbIM HayY:HO-MccJie,n;oBaTeJibCKMM MHCTMTYT TpaBMaTOJIOrMM M opTorre,n;MM MM. H .H . IIpMopoBa», 

MMH3,n;paBa PoccMM, MocKBa, Pc:t> 

Jlpeacmae/leftbl omaafleftftbte pe3yflbmambt onepaU,UU pe8U3UOHHO20 3Haonpome3UpoeaHUR, 8 
xoae KOmOpbtX npoeoauJlaCb peKOHCmpyKU,UR ma3o6eapeHH020 cycmaea aeMUHepa!lU30BaHHbt
MU aJLJLOUMnflaHmamaMu Ha oCHoee nJLocKux Kocmeu ceoaa 11epena. C 2005 2. npoonepupoeaHo 
9 6oJLbHbtX ( 14 JaMew,eHuu) e eo3pacme om 46 ao 67 JLem. KoHmpo!lb 3a nepecmpouKou 
uMnflaHmupoeaHH020 MamepuaJLa ocyw,ecmeflRflU peHmceHoJLow11ecKu 11epe3 12 Mee u ao 8 JLem 
e:»ee20aHo. Hu oaH020 Cfly11a51, HacHOeHUf/, UMnflaHmupoeaHHO20 Mamepuafla 3arpuKcupoeaHO He 
6btflo. B xoae peHm2eHoflocU11ecK020 KoHmpollR KOHcmamupoeaJLu omHocumeflbHO paHHJOJO ne
pecmpouKy aJLJLOUMnflaHmamoe 11epe3 1,5-2 waa. JiepecmpouKa xapaKmepu3oeaJLacb noebt
weHueM peHmceHoecKou nflomHocmu e o6JLacmu nJLacmuKu. JloJLo:»eumeflbHbte pe3yflbmambt 
6btflU noJLy11eHbt y 8 nau,ueHmoe (13 JaMew,eHuu), 11mo cocmaeuJLo 93 %. 
K JI JO ye Bbl e C JI OB a: peBH3110HHOe 3H,UOTipOTe3ttpOBaHtte, Ta3o6enpeHHbIJ1 cycTaB , 

KOCTM CBO,Ua Y:epena, KOCTHbie ,UeMJ1HepaJI113OBaHHbie aJIJIOMMTIJlaHTaTbI. 

Hip Reconstruction with Demineralized Allografts in Revision Arthroplasty 

A.S. Chekanov, VP. Voloshin, M. V Lekishvili, A.A. Ochkurenko, D. V Martynenko 

M.F. Vladimirskiy Moscow Regional Clinical and Research Institute; Central Institute 

of Traumatology and Orthopaedics named after N.N. Priorov, Moscow, Russia 

Long term results of revision arthroplasty with hip joint reconstruction using demineralized 
allograft based on cranial vault flat bones are presented. Since 2005 nine patients ( 14 substitu
tions) aged from 46 to 67 years were operated on. Control of implanted material remodeling was 
peiformed in 12 months after surgery and then annually up to 8 years. No one case of implanted 
material suppuration was observed. Roentgenologic control showed relatively early remodeling of 
allografts in 1.5-2 years after intervention. Remodeling process was characterized by the in
crease of roentgenologic density in plasty site. Positive results were achieved 8 patients ( 13 
substitutions) that made up 93%. 

Key words: revision arthroplasty, hip joint , cranial vault bones , demineralized bone 

allografts. 

PeBM3MOHHOe8H~onpoTe3MpOBaHMeTa3o6e~peH

H 0 f0 cycTaBa - orrepau;MH, xa paKTepM3yIOru;aHCH 

6 0JibWMM pa3H006pa3MeM TeXHJ1"4:eCKMX rrpMeM0B, 

J1CIT0Jib3yeMbIX rrpI1 ee BbIIT0JIHeHJ1J1. 3To o6ycJIOB

Jie HO WMpOKMM crreKTpOM rra TOJIOfJ1"4:eCKJ1X J13MeHe

H J1M BOKpyr 8H~orrpoTe3a M KOHCTpyKI.J;MOHHbIMM oco-

6 eHHOCT HMM caMoro MMrrJiaHTaTa. O~Hoti: I13 HaM6o

Jiee 3Ha "4:MMbIX rrpo6JieM peBJ13M0HH0f0 8H~orrpoTe-

3 I1pOBaHJ1H HBJIHIOTCH rrepMrrpoTe3Hbie KOCTHbie ~e
cpeKTbI BepT JIY:>KHOM BITa~J1HbI M 6e~peHHOM K0CTM , 

H aJIJ1"4:Me K0T0pbIX yMeHbWaeT ITJI0UJ;a~b cpI1KCaI.J;MJ1 

K 0MIT0HeHT0B 8H~orrpoTe3a. A OCJia6JieHHaH B 30He 

,r:i;ecpeKTa K0CTHaH TKaHb CJIY:>KMT MeCT0 B03HJ1KH0-

BeHMH rrepI1rrpoTe3HbIX rrepeJIOMOB. Pa3pyweHMe 

K 0CTHbIX TKaHeM Tpe6yeT J1CIT0Jib30BaHJ1H MaTepM

a JI0B, crroco6HbIX BOCIT0JIHJ1Tb ~ecpeKTbI J1 C03~aTb 

ycJIOBMH ~JIH (pM3J10JIOfM"4:HOro cpyHKI.J;MOHI1pOBaHMH 

peBM3MOHHOfO 8H~orrpoTe3a. IT po6JieMa IT0J1CKa 

a~eirna THOrO rrJiaCTM"4:eCKOfO Ma TepMaJia O"4:eHb aK

TyaJihHaH. B J!l~eaJie J1MITJiaHTMpyeMbIM Ma TepI1aJI 
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~0JI:>KeH IT0JIH0CTblO 3aMeCTMTbCH co6cTBeHHhIMJ1 

K0CTHbIMJ1 TKaHHMM , 6bITb ~OCTYITHbIM M 6e3orrac

HbIM, o6Jia~aTb 0CTe0K0H~YKTMBHbIMM M OCTeOMH

~YKTMBHbIMJ1 cBoti:cTBaMM. 

B 2004 r. 6hIJI 3arraTeHT0BaH crroco6 rroJiy"4:eHJ1H 

,r:i;eMJ1HepaJIJ13OBaHHbIX aJIJIOJ1MITJiaHTa TOB , J13fOTOB

JieHHbIX J13 KOCTeM CBO~a --qeperra, KOTOpbie C ycrrexoM 

J1CITOJib3YIOTCH B ocpTaJibMOJIOfJ1J1 rrpI1 ITJiaCTJ1Ke 

IT0CTTpaBMa TJ1qecKJ1X ,r:i;ecpeKTOB CTeH0K op6I1Tbl y ,r:i;e

TeM J1 B3p0CJibIX [ 1, 2 ]. IT paKTJ1qecKJ1 0~H0BpeMeHHO 

6bIJI rrpe,r:i;JI0:>KeH HOBbIM crroco6 ITJiaCTJ1KJ1 BepT Jiym

HOM Brra~J1Hbl Ta3o6e,r:i;peHHOro cycTaBa [ 3' 4 ]. ITepBbIM 

0ITbIT rrpoBe,r:i;eHJ1H rro~o6HbIX orrepau;J1i1 C u;eJiblO 3a

Meru;eHJ1H 60JibWJ1X K0CTHbIX ~ecpeKTOB rrpI1 peBJ13J1-

0HH0M 8H,ll;0IIpoTe3I1p0BaHJ1J1 Ta3o6e~peHHOro cycTa

Ba 0Ka3aJICH BeChMa y~a"4:HbIM [5-7]. 
UeJihIO HacToHw;ero J1CCJie,n;oBaHMH cTaJIM ou;ettKa 

J1 aHaJIJ13 OT,[l;aJieHHbIX pe3yJihTaTOB peBJ13l1OHHOfO 

8H,Il;OrrpoTe3I1pOBaHJ1H, B xone KOTOporo rrpOBO,Il;J1JiaCb 

peK0HCTPYKI.J;J1H Ta3o6enpeHHOro cycTaBa ~eMJ1Hepa-
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JIJ,130B aHHbIMM aJIJIOMMTIJiaHTa TaMM H a oeH OB e TIJIOe

KMX KOeTel1 eBo,n;a qepeTia. 

MATEPl1AJI 11 METOJJ,hl 

B Tiep1,10,n; e 2005 TIO 2013 r. TIO,n; H a 6 m o ,n;e H MeM Ha

xo,n;MJIMeb 9 Tiau;MeHTOB (5 meHI.IJ;MH 1,1 4 M y mqJ1HbI) B 

B03paeTe OT 46 ,n;o 67 JieT (epe,n;HY.111 B 03p a eT 56 ,1±6,4 
ro,n;a)' y KOTOpbIX B xo,n;e OTiep a u;1,111 p e B M3J10HHOf O 8 H

,n;oTipOTe3MpOBaHMH Ta3o6e,n;peHHOf O eye T aBa 6 bIJIJ1 

MeTIOJib30BaHbI ,n;eMMHepaJIM30BaHHbie aJIJIOMMTIJiaH Ta

TbI, J13fOTOBJieHHbie J,13 KOeTe:w e B o,n;a q e p eTia ( p Me . 1 ): 
y 4 60JibHbIX TIPM 3aMeHe Bep TJiymH o r o KOMTIOHe H Ta, 

y 2 - 6e,n;peHHoro , y 4 - 1,1 Toro, 1,1 ,n;p y r oro, T. e. B 

u;eJioM TipoBe,n;eHo 14 3aMeIJ.J;eHMJ1. 

B eooTBeTeTBMM e KJiaeempMKau;1,1e11 AAOS ( 1989) 
u;eHTpaJibHbI:W eerMeHTa pHb r:w 1,1 Tiepmpep1,1q eeKMJ1 TIO

JIOeTHo:w ,n;ecpeKTbI BepTJIY)KHOJ1 B Tia,n;MHb I ,n;MarH OeTM

poBaHbI TIO 1 eJiyqam, KOM6MHMpOB aHHbie - B 6. B o 

Beex eJiyqaHX MeTIOJib30BaJIM yKp eTIJIHIOIJ.J;YIO a u;e T a -

6yJIHPHYIO KOHeTpyKIJ;MIO, KOeTHaH TIJiaeTMKa BbITIOJI 

HHJiaeb ,n;o ee yeTaHOBKM. 

IlpM peBM3J1J1 6e,n;peHHOfO KOMTIOH eHTa 6 b IJIJ1 3a 

MeIJ.J;eHbI eJie,n;yIOIJ.J;Me TMTibI ,n;ecpeKTOB : H a p ymHor o 

KOpTMKaJia (3); KaJibKapa (l); ,n;o eep e,n;MHbI y,n;aJIH e 

MOJ1 HO)KKJ,1 TIO Tiepe,n;HeJ1 TIOBepxHOeTM ( 1 ); ,n;o eep e 

,ZJ;MHbI y,n;aJIHeMOJ1 HO:>KKM TIO Tiepe,n;HeJ1 TIOB epxH OeTM e 

TipO,D;OJibHbIM paeKaJibIBaHMeM ( 1 ). 
Bee yeTaHOBJieHHbie 6e,n;peHH b ie KOMTIOHeH TbI 6 b IJIJ1 

6eeu;eMeHTHbie (3 eTaH,n;apTHbie, 5 peB J13MOHHbie) . 

B 4 eJiyqaHX KOeTHaH TIJiaeTMKa BbITIOJIHHJiaeb TIOe 

Jie yeTaHOBKM peBJ13J10HHOfO KOMTIOHeHTa, B 2 eJiyq a 

HX - ,n;o 1,1 TIOeJie. B 4 eJiyqaH x TIOTpe6oB aJiaeb ,n;o TioJI 

HMTeJibHaH Cf)MKeau;MH eepKJIH)KOM. 

,II:oHopeKli1e KOeTHbie TKaHM TIJ.J;a TeJibHO o q J1IJ.J;aJIJ1 

OT 8JieMeHTOB KpOBM J1 MMeJIOM,IJ;HOfO KOMTIOH e H Ta, ,n; e 

MJ1HepaJIM30BhlBaJIM B eJia6hlx paeTBopax eOJIHHOJ1 

KMeJIOTbI, 3aMopamMBaJIM J1 3a TeM JIJ10Cf)MJIJ13Mp OBa

JIJ1. IloeJie TIOMeIJ.J;eHMH aJIJIOMMTIJiaH TaTOB B TIJiae TM 

KOBYIO yTiaKOBKY TIPOM3B0,ZJ;J1JIJ,1 eTep MJIM3aIJ;MIO pa,n;M

au;MOHHbIM eTioeo6oM, TIOTOKOM 6 b ieTpbIX 8JieKTp OH OB , 

,D;030J1 TIOrJIOIJ.J;eHMH 20 - 25 Kfp [8]. 
B ee KOeTHbie TIJiaeTMKM, KaK J1 p e B J13J10HHbie 8H

,ZJ;OTipoTe3MpOBaHMH, BbITIOJIHHJIJ,1 B y e JIOBMHX OTeyT

eTBMH MMKpOcpJIOpb I , qTO HeO,n;H OKpa THO TIO,IJ;TB e pm

,n;aJIM pe3yJib TaTaM J1 Tipe,n;oTie pau;MOHHbIX TIYHKIJ;Y.111, 

J1HTpaoTiep a u;MOHHOJ1 MMKpoeKOTIJ1J1 3aMopomeHHOro 

epe3a TiepMTipoTe3HbIX T KaHe:w. 

KoHTp OJib 3 a TiepeeTp011KO J1 aJIJIOMMTIJiaHTaTOB 

o e y IJ.J;e e T BJIH JIM peHTreHoJior1,1qeeKM qepe3 12 Mee TIOe-

Puc. 1. ,Il,e M vrne

p a JI J13 0 Ba H H bl e 

JI J10(pJ1JIJ13 MpO

BaHHbie aJIJIO

MMIIJiaHTa Tb! J,13 

KOCTeM CB O,n;a 

qeperra. 
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Jie x1,1pypr1,1qeeKoro JieqeHMH, ,n;aJiee e mero,n;Ho. Cpo

KM Ha6JIIO,ZJ;eHJ1H eoeTaBJ1JIJ,1 OT 3 ,n;o 8 JieT. 

PE3YJihTAThl 11 OBCYJKJJ,EH11E 

Ilpem,n;e qeM TipMeTyTIMTb K o6eym,n;eHMIO TIOJiy

q e HHbIX pe3yJibTaTOB , Heo6xo,n;MMO OTMeTMTb HepaB

H 03Ha qHOeTb eTpoeHMH J,1 cpopMMpOBaHMH JI06Horo, 

3 a T bIJIOqHoro J,1 T e MeHHbIX OT ,n;eJIOB eBo,n;a qepeTia. 3a

TbIJIOqHaH KOeTb o6pa3yeT 3a,n;HIOIO J,1 HJ1)KHI0IO eTeH

K M qepe TIHOJ1 Kopo6KM M , 6 y ,n;yq1,1 eMe rnaHHOJ1 KOeTbIO , 

OKOeTe H e BaeT KaK TIOKpOBHaH KOeTb Ha TIOqBe eoe,n;M

HMTe JibHOJ1 TKaHM (BepXHY.111 OT,ZJ;eJI 3aTbIJIOqHOJ1 qe

rny1,1) J,1 xpHI.U;a ( oeTaJibHbie qaeTM KOeTM). y qeJIOBeKa 

OHa HBJIHe TeH pe3yJibTaTOM eJIMHHMH HeeKOJibKMX KO

eTel1 , eoeTOMT Y.13 OT,n;eJibHO 3aKJia,ZJ;bIBaIOIJ.J;MXeH qe

Tbipex qaeTe:w , epaeTaIOIJ.J;MXeH B e,n;MHYIO KOeTb B B03-

paeTe 3-6 JieT. T e MeHHaH KOeTb (TiapHaH) 06pa3yeT 

epe,n;HIOIO qaeTb eBo,n;a qepe Tia. OHa Tipe,n;eTaBJIHeT 

TJ1TIJ1qHyIO TIOKpOBHYIO KOeT b , TI08TOMY MMeeT epaB

HMTeJibHO TipoeTOe eTpoeHMe J,1 BM,IJ; qeTbipexyrOJibHOJ1 

TIJiaeTMHKM , BbITIYKJIOJ1 eHa pym1,1 J1 BOrHyTOJ1 J13HYT

pM. Jio6HaH KOeTb yqaeTBye T B o6pa30BaHMJ1 eBo,n;a 

q e peTia J1 OTHOeMTeH K ero TIOKpOBHbIM KOeTHM, pa3-

B MBaHeb H a TIOqB e eoe,n;MHMTeJibHOJ1 TKaHM [9]. TaKMM 

o6pa30M , KOeTM , cpo pMMpyIOIJ.J;Me eBO,ZJ; qepeTia , pa3-

JIJ1qaIOTeH TIO Tipo1,1exom,n;eHMIO , pa3BJ1TMIO, a 3Ha qJ,1T, 

J,1 eTpoeHMIO. 

B 2008-2009 rr. Mbl MeeJie,n;oBaJIM MexaHJ1qecKJ1e 

e BOJ1eTBa KOeTeJ1 eBo,n;a qepe Tia B Tipou;eece MX XJ1-

M J1qeeKOJ1 J,1 cp1,13 1,1qe eKOJ1 o6pa60TKJ1, Hal.JMHaH OT ,n;o

H OpeKOJ1 KOCTHO J1 TKaHM ,n;o fOTOBOfO K KJIJ1HJ11:.JeeKO

M Y TIPMMe HeHMIO aJIJIOMMTIJiaHTa Ta. II paKTMl.!ecKaH 

u;eHHOeTb 1,1eeJie,n;oBaHJ1H coeTOHJia B TOM, l.JTO OHO 

6 bIJIO Tie pBbIM B o6JiaeTM TIO,n;o6Horo 1,13y1:.JeHJ1H KOC

T e :W eBo ,n;a qepeTia. IloJiyl.JeHHbie pe3yJihTaTbI CBJ1-

,n;eTe JibeT BOBaJIJ1 0 B03MO)KHOeTM TIJiaHMpOBaHMH J1 

e OOTBeTeTBeHHO TIOJiyl.JeHMH aJIJIOMMTIJiaHTaTOB J,13 

K OeTel1 eBo,n;a qepeTia e pa3HbIMJ1 MexaHJ1qeeKMMJ1 

xapaKTepMeTMKaMM. IlpoqHoeTb MMTIJiaHTaTOB 3aBM

eeJia B TiepByIO Ol.!epe,n;b OT BpeMeHM ,n;eMJ1HepaJIJ1-

3 au;MJ1. O,n;HOBpeMeHHO xapaKTepMeTMKa TIJiaCTMl.Jee

KOfO MaTepMaJia MOmeT 3aBMeeTb OT TOJ1 o6JiaCTJ1 

eBo,n;a l.!epeTia , KOTopyIO MeTIOJib3YIOT B KaqeeTBe ,n;o
HopeKOJ1 KOeTM TIPM yeJIOBJ1J1 1:.JaeTJ1l.JHOJ1 ,n;eMMHepa

JIM3aIJ;MJ1. BapbMPYH MeeTOM 3a6opa ,ZJ;OHOpeKOJ1 TKa

HM J1 BpeMeHeM ,n;eMli1HepaJIM3aIJ;MJ1, B03MO)KH0 TIO

JIYl.JMTb TIJiaeTJ11:.JeCKJ1J1 MaTepMaJI e TeMM J,1JIJ,1 J1HbI

MJ1 MexaHJ11:.JeeKJ1MJ1 xa paKTepMCTMKaMM , KOTOpbie 

Heo6xo,n;MMbI 1,1 OTITMMaJibHbI B KOHKpeTHOJ1 CJ-1Tya

IJ;J1J1. B TO me BpeMH TIOeJie ,n;eMJ1HepaJIJ13aIJ;MJ1 KOeTM 

B Tel.!eHMe 48 l.J 1,1 6oJiee , TipoBe,n;eHMH JIMO(J)MJIM3a

u;1,11,1 J1 pa,n;1,1au;MOHHOJ1 eTepMJIM3aIJ;MJ1 ,D;030J1 TIOfJIO

IJ.J;eHMH 20-25 Kfp MO)KHO 6bITb yBepeHHbIM B M,ZJ;eH

TJ1l.JHOCTJ1 TipOl.!HOeTHbIX eBOJ1eTB JII06oro OT,ZJ;eJia CB0-

,n;a l.!epeTia , BHe 3aBJ1eJ1MOeTJ1 OT ero JIOKaJIM3aIJ;MJ1. 

IIoeJie,ZJ;HMM BapMaHT Tiepepa6oTKJ1 ,ZJ;OHOpeKOM TKa

Hli1 Ha eero,n;HH1llHli1M ,n;eHb HBJIHeTeH oeHOBHbIM B 

«TKaHeBoM 6aHKe » IJJ1TO. K eomaJieHMIO , TIOJIHOC

TbIO CTaH,n;apTM3MpoBaTb fOTOBhlM TIJiaeTY.11:.JeeKMM 

MaTepMaJI Tipe,n;cTaBJIHeTeH Tpy,n;Hopa3pernMMOJ1 3a-
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,n;a qeP.l. MomHo paccqv1Ta Tb 

CTerreHb ~eMMHepa.JIM3aQMM M, 

C00TBeTCTBeHH0, c~e.JiaTb a.JI

JI0MMITJiaHTaThl C orrpe,n;e.JieH

HbIMM rrpoqH0CTHbIMM CBOM

CTBaMM v1 Il.JI0UJ;a,ZJ;bIO. 0,n;Haiw 
,ZJ;0H0pCKMe MaTepv1a.Jihl o6Jia

,n;aIOT MH,ZJ;MBM~ya.JibHbIMM oco-

6 e HH0C T HMM v1 qacTo cyUJ;e

CTBeHHO pa3.JIJtiqaIOTCH TOJIUJ;M

HOM, qTo, C O~HOM CT0p0HbI, Me

waeT MCITOJib30Ba Tb MX B BM~e 

yme f0T0BbIX a.JIJI0MMITJiaHTa

T OB BO Bcex KJIMHM"9eCKMX CM

T yaQMHX, c ~pyroP.r - 06ecrre

q v1BaeT B03M0JKH0CTb BbI6opa 

a .JIJI0MMITJiaHTa Ta C 0ITTMMa.Jib

HbIMM cpopMaMM [ 10]. 
B HaCT0HUJ;eM MCCJie,ZJ;0Ba

H MM HaM y,n;a.JI0Cb Il0JIH0CTbIO 

3 aMeCTMTb KOCTHbIM ~ecpeKT, 

ccpopMv1poBaB v13 OTHOCMTe.Jib

H0 8.JiacTv1qHoro MaTepv1a.Jia 

«JI0CKYT » Heo6xo,n;v1Moro pa3-

M epa. O~HMM v13 ocH0BHbIX yc

JIOBMM BKJIJOqeHMH B MCCJie,n;o

BaHMe 6bIJIO cpyHKQMOHMpOBa

HMe TOTa.JibHOfO peBM3MOHHOf0 

8 H~0rrpoTe3a C 6.JIM3KMMM K 

Cf)M3MOJIOfMqecKMM IT0Ka3a Te

JI HMM v1 MH~eKC0M Xa ppv1ca 

6 0.Jibllie 80. 3To Il03B0JIHJI0 

rrpoc.Jie~MTb ,n;v1HaMv1Ky rrepe

CTpOMKM v1 rrpv1mv1BJieHMH a.JI

JI0TpaHCITJiaHTa Ta B CX0,ZJ;HbIX 

y c.JIOBMHX a~eKBaTH0 cpyHKQM-

Pwc. 2. PeHTreHorpaMMbI 60JibHOM 46 neT. 

a - .n;o orrepau;.1,1.1,1 , 6 - TIOCJie pe3H,IJ;OrrpoTe3Mp0B3HMR .1,1 KOCTHOM ITJiaCTMKM, 8 - qepe3 2 
ro.n;a rrocJie orrepau;.1,1.1,1. 

Pwc. 3. PeHTreHorpaMMbI 6oJibHOro 55 neT. 

a - .n;o orrepau;.1,1.1,1 , 6 - qepe3 12 Mee TIOCJie p e3H,n;onpoTe3Mp0B3HMR .1,1 KOCTHOM n JiaCTMKM , 
B - qepe3 8 JieT rrocJie orrepau;.1,1.1,1. 

0 H v1py10UJ;ero 8H~orrpoTe3a Ta-

3 0 6e~peHHoro cycTaBa. TaKMM o6pa30M, Bee 60.Jib

Hbie ITOCJie peBM3MOHHOfO 8H,ZJ;OrrpoTe3MpOBaHMH Ha

X 0 ~MJIMCb B y~0BJieTB0pMTe.JibH0M COCTOHHMM , Ha

f H OeHMM MMITJiaHTMp0BaHH0f0 MaTepv1a.Jia He 6hl.JIO 

3 a cpv1Kcv1poBaHO HM B O~HOM CJiyqae. 

B rrpoQecce peHTreHo.Jiorv1qecKoro K0HTP0JIH 0T

M eqa.Jiacb 0TH0CMTe.JibH0 paHHHH rrepecTpOMKa a.JIJI0-

MMITJiaHTa T0B - qepe3 1,5-2 ro,n;a (pv1c. 2, 3). IIepe

CT poP.i:Ka xa paKTepM30Ba.JiaCb ITOBbIWeHMeM peHTre

HOBCKOM ITJI0TH0CTM B 06.JiaCTM rr.JiaCTMKM. 0 TI0JIH0M 

3 a MeUJ;eHMM (peHTreHOJIOfJtlqecKOM) co6CTBeHHbIMM 

K 0 CTHbIMM TKaHHMM f0B0pMJIM rrpev1MyUJ;eCTBeHH0 

B cp0KM OT 3 ,n;o 5 JieT IT0CJie orrepaQMM (pv1c. 3, 8 ). 

IIoJIOJKMTe.JibHbie pe3y.JibTaTbI 6bIJIM rro.JiyqeHbI y 8 
rrau;MeHT0B ( 13 3aMeUJ;eHMM) , qTQ C0CTaBMJI0 93%. 

TaKMM o6pa30M, MCIT0Jib30BaHMe ,n;eMMHepa.JIM30-

B aHHbIX K0CTHbIX a.JIJI0MMITJiaHTa T0B Ha 0CH0Be ,n;o
HOpCKMX KOCTeM CBO,ZJ;a qeperra 30He rrpv1 peBM3MOH

H 0M 8H,ZJ;0rrpoTe3Mp0BaHMM Ta3o6e,n;peHHOfO cycTaBa 

TI03B0JIHeT 3aMeCTMTb 60.JibWMe K0CTHbie ,n;ecpeKTbI 

rrpM cpaBHMTe.JibH0 paHHeM rrepecTpOMKe a.JIJI0MMIT

JiaHTa T0B v1 ,n;o6MTbCH IT0JI0JKMTe.JibH0f0 KJIJ.1HJ.1qeCK0-

ro pe3y JibTa Ta B 60Jib11IJ.1HCTBe c.JiyqaeB. 
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K BOIIPOCY O EE30IIACHOCTM OCTEOIIJIACTMqECKMX MATEPHAJIOB 

A.B. Bo11xoe 

cpf:SffY «Hay qtto- 1,,1ccne,r:i;oBaTeJihCKMJ1 J,1HCTJ,1TYT Mopcpon or 1,,11,,1 qen oBeKa », MocKBa, Pep 

B pa6ome npeiJcmae/l eHbt Mam epuaJZ bt 3KcnepuMeHmaJZ bHbtX u Kfl UHULtecKux uccJZ eiJoeaHuu, e 
KomopbLX ucnOfl b3OBaJZUCb ocm eonJZacmu11,ecKue MamepuaJZ bt pa3JZ ULfHbtX 2pynn . BbLRBJZ eHo, 11,mo 
uMnJZaHma4uR ocmeonJZacm u LtecKux MamepuaJZ oe o6ycJZoeJZueaem pa3eumue xpoHuLtecKO20 npo
iJy KmueH020 eocnaJZeHUJl no muny peaK4uu Ha uHopoiJHoe meJZ o. B ceo10 011,epedb npo4ecc 
o6pa3oeaHUR Kocmu e p e2eHepame, coiJep ;;,caw,eM ocmeonJZ acmuLtecKuu MamepuaJZ, conpJl'JICeH 
c pe3op64ueu BHOBb o6p a3oeaHHou KocmHou m KaHu, JZ e;;,caw,eu Ha e20 noeepxHocmu. IIpoee
iJeH aHaJZU3 npuLtuH HU3Kou 6uoJZ02u11,ecKou coeMecmuMocmu MamepuaJZ oe u npeiJJZo'JICeHa cxe
Ma nJZ aHupoeaHUJl uccJZ edoeaHuu 6e3onaCHocmu u 3lfHpeKmueHocmu ocmeonJZacmu11,ecKux Ma
mepuaJZ oe. 

K JI IO q e Bbl e C JI OB a : pereHepau1rn. KOCTHOVf TKaHl1 , OCTeOTTJiaCTl1lleCKJ1e MaTepl1aJibl. 

On the Safety of Osteoplastic Materials 

A. V Volkov 

R esear ch Insti t u te of Human Morphology , M oscow, Russia 

Exp erimenta l and clinical studies of osteoplastic materials of various groups were performed. IT 
was shown that implantation of osteoplastic materials stipulated the development of chronic 
productive inflammation by the type of foreign body response while the process of bone formation 
in the regenerate containing osteoplastic material entailed resorption of newly formed bone tissue 
on its surface. Analysis of the reasons of low biocompatibility of the materials was performed and 
scheme for osteoplastic material safety and efficacy study planning was proposed. 

Key words : tissue regeneration, osteoplastic materials. 

B IT0CJie~HMe ~eCHTMJieTMH aKTMBH0e pa3BMTMe 

rroJiy•rnJia pereHepa TMBHaH Me~MUMHa K0CTH0M TKa-
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HM. O~HMM M3 ee HarrpaBJieHMM cJie~yeT cqMTaTh MC

rroJih30BaHMe OCTeOrrJiaCTMqecKMX MaTepMaJIOB, rrpM-



BecTHI/IK rpaaMaTono,00 0 oprone,[J.//1//1 I/IM. H . H . np0opoaa. 2015, Ng 1 

3BaHHhlX o6ecrreqMTb 0ITTMMaJibHhle ycJI0BMR Teqe

HMR pereHepa TMBH0ro rrpou;ecca B KOCTHOM paHe. Ha 

c e ro,n;HRlllHMM ,n;eHb KaK B Hawet1 CTpaHe , TaK M 3a py-

6e.moM CJI0)KMJICR pbIH0K K0MMepqecKMX Ma TepMaJI0B, 

8cpcpeKTJ1BHOCTb K0T0pbIX o6ycJIOBJieHa MX 0CTe0K0H

,n;yKTMBHbIMM CBOMCTBaMM. Ilo,n;o6Hbie Ma TepMaJibl 

M0.JKH0 pa3,n;eJIMTb Ha CMHTeTJ1qecKJ1e J1 HaTypaJib

Hbie, a TaKme, C yqeT0M MX XMMMqecKoro C0CTaBa, -

Ha MMHepaJibHbie, opraHJ1qeCKMe, K0MIT03MTHbie. 

CMHTeTJ1qecKMe 0CTeorrJiaCTJ1qecKMe MaTepMaJibl B 

0CH0BH0M co,n;epma T C0JIJ,1 KaJibI.J;MR cpoccpopHOM J,1JIJ,1 

yroJibHOM KMCJI0T' IT0CK0JibKY OHM, KaK cqJ1TaIOT rrpo

J13B0,D;MTeJIM, crroco6Hbl K 6bICTpOH pe3op6u;1,11,1 in vivo. 

K HMM me OTHOCRT J,1 IT0JIMMepbI K0p0TKou;erroqHbIX 

opraHMqecKMX KMCJI0T, HarrpMMep MOJioqHoM. HaTy

paJibHbie Ma TepMaJibI rrpem,n;e acero xa paKTepM3YIOT

CR rrpMp0,D;HbIM rrpo1,1cxom,n;eHJ1eM, - 8T0, HarrpMMep 

K0paJIJibl, rM,n;p0KCMarra TMT K0CTM, IT0JiyqeHHblM 0T

.JKMr0M, ,n;eMMHepaJIM30BaHHbie J1 qacTMqHQ ,n;eMMHe

paJIM30BaHHbie K0CTHbie Ma TepMaJibl qeJI0BeKa J1 K0C

TeM KpyrrHoro para Toro CK0Ta 1,1 ,n;p. [ 1 - 3]. 

IlyTb 0CTe0rrJiaCTMqecKoro MaTepMaJia OT pa3pa-

60TKJ1 ,n;o KJIMHMqecKoro rrpMMeHeHMR B HarneM CTpaHe 

HaMH0ro K0poqe , qeM y cpapMaKOJior1,1qecKMX cpe,n;CTB, 

IT0CK0JibKY yKa3aHHbie Ma TepMaJibl 0THeceHbl K 1,13,n;e

JIMRM Me,D;MI.J;MHCK0ro Ha3Ha qeHMR, a MX 6e30ITaCHOCTb 

J1 8cpcpeKTMBHOCTb MCCJie,n;yeTCR no yrrpow;eHHOM cxe

Me. ,[(oKJIMHJ1qecKMe J,1 KJIJ1HJ1qecKJ1e MCCJie,D;0BaHMR oc

Te 0rrJiaCTMqecKMX Ma TepMaJI0B BbIIT0JIHRIOTCR B 0CH0B

H0M B paMKax HayqHQ-KBaJIM(pMKaI.J;MOHHbIX Tpy,n;oB, 

rrpMqeM 3aMHTepecoBaHH0CTb CT0p0H B IT0JI0.JKMTeJib

H0M pe3yJibTaTe CTaH0BMTbCR oqeBM,D;HOM. IlaTOMOp

cpoJIOrMqecKaR 8KcrrepTM3a 06pa3u;oa TKaHM , co,n;epma

w;1,1x MaTepMaJI, BbIIT0JIHReTCR rro,n;qac He C0BCeM Ka

qecTBeHH0, paccTaBJIRIOTCR HeBepHbie aKu;eHTbl , He 

rrpoB0,D;MTCR K0JIJ1qecTBeHHaR ou;eHKa. TaK, B pR,n;e Ha

yqHblX rry6JIMKaIJ;MJ1 0ITMCaHMR rJ/ICT0JI0rJ1qecKMX rrpe

rra pa T0B ,D;0B0JibH0 CKY,D;Hbl J1 He BCer,n;a xapaKTep1,13y

IOT Te RBJieHMR, K0T0pbie OT06pa.meHbl B J,1JIJIIOCTpa

TJi1BH0M MaTepMaJie, B K0JIJieKTMBe aBT0p0B 0TCYTCTBy

eT rra TOMopcpoJior [ 4]. TaKMM o6pa30M, rrpo6JieMy cpop

M MpoaaHMR ,D;0Ka3a TeJibHOM 6a3bl 8cpcpeKTMBHOCTJ1 J,1 

6 e 3 orraCHOCTM 0CTe0rrJiaCTJ1qecKMX MaTepMaJI0B CJie

,n;yeT cqMTa Tb ,D;0CTa TQqHQ aKTyaJibHOM. 

B HaCTORI.I~eM pa6oTe rrpoae,n;eH aHaJIM3 rMCT0M0p

cp OJIOrMqecKMX pe3y JibTa T0B 8KCrrepMMeHTaJibHbIX M 

KJIMHMqecKMX MCCJie,n;oBaHMM 8cpcpeKTMBHOCTJ1 M 6e-

3orraCH0CTJ1 0CTeorrJiaCTJ1qecKMX Ma TepMaJI0B 3a rre

p M0,D; c 2005 ITO 2015 r ., BbIIT0JIHeHHblX B pa3JIMqHbIX 

HayqHQ-MCCJie,n;oBaTeJibCKMX yqpem,n;eHMRX HallleM 

cTpaHbI (<PfEY «UHMMC M "9:JIX » , <PfEY BIIO 

«MfMCY MM. A.M. Ea,n;oKMMOBa » , <PfEY «HMM Mop

cpoJiorMM qeJioBeKa PAMH » , qacTHbIX cToMaToJiorM

qecKMX yqpem,n;eHMM J,1 ,n;p.). 

MATEPMAJI M METO,Uhl 

fMCTOJior1,1qecKoe MCCJie,n;oBaHMe o6pa3I.J;OB TKaHM 

rrpoB0,ll;MJIM Herrocpe,n;CTBeHH0 IT0CJie 6MOITCMM. Ma Te

pMaJI IT0MeI..QaJIM B 10% paCTB0p cpopMaJIMHa Ha cpoc

cpa THOM 6ycpepe Ha 7 2 q, IT0CJie qero B TeqeHMe 24 q 

47 

o6pa3I.J;bl TKaHM rrp0MbIBaJIM B rrpOTQqHQM Bo,n;e. Iloc

Jie cTaH,n;a pTHOM rMCTOJIOrMqecKOM rrpoB0,ll;KM o6pa3-

I.J;bI TKaHeM 3aJIMBaJIM B rra pacpMH ( « I'MCTOMMKC » , EMO

BMTpyM) , MCIT0Jib3YR rMCT0JI0rMqecKMe 3aJIMBQqHbie 

K0JibI.J;a (EMOBMTPYM). CepMMHbie cpe3bI TOJII..QMHOM 

7 MKM IT0JiyqaJIM Ha MMKp0T0Me Microm. ,UJIR M3yqe

HMR cpe30B TKaHeM rrpMMeHRJIM: o630pHbie 0KpaCKM -

re Ma T0KCMJIMH0M M 803MH0M rro EoKKY, Mat1:epy; ,D;JIR 

BbIRBJieHMR crreu;McpMqecKMX rrpou;eccoB o6pa3oBaHMR 

KOCTHOM TKaHM M ee pe3op6I.J;MM rrperra pa Tbl 0Kpanrn

B aJIM rro Maccotty 1,1 rro MaccoHy - foJI,n;Hepy 

( «BioOptica » , Italy). IlocJie oKpacKM rrperrapaTbI 3aK

JIIOqaJIM B M0HTMPYIDI..QYIO cpe,n;y M BbicyrnMBaJIM B 

TeqeHMe 2 He,n; rrpM K0MHa THOM TeMrrepa Type. <POTO

,n;oKyMeHTMp0BaHMe rrp0B0,D;MJI0Cb Ha MMKp0CK0rre 

Leica DM 2500 c cpoToKaMepot1 Leica DTC 295 . 

B Ka qecTBe MeTo,n;a paH,D;0MM3aI.J;MJ1 MCIT0Jib30BaJIM CJie

,n;ymw;ym cxeMy: ecJIM He 6bIJIO Heo6xo,n;MMOCTM B rrpM

u;eJibH0M M3yqeHMM o6'beKTa, TO C IT0M0I..QblO reHepa

T0pa cJiyqaJ1HhlX qMceJI Random orrpe,n;eJIRJIM 5-7 

HOMepoB CTeK0JI (HarrpMMep, 12, 18, 22 , 25 , 38 M3 50 

CTeKOJI B cepMM), 1,13yqeHMIO M ,n;oKyMeHTMpoBaHMIO 

rro,n;BepraJICR Ka:>K,D;bIM 3-M cpe3 , eCJIM KaqeCTB0 6bIJIO 

Hey,n;0BJieTB0pMTeJibHbIM, TO MCCJie,n;oBaJICR IT0CJie,n;y

IOill;MM M TaK ,n;aJiee. 

3Kcnepu.Me1-imMb1-ible MoaeAu. MccJie,n;yeMbIM oc

TeorrJiaCTMqecKMM Ma TepMaJI ITOMeI..QaJIM rro,n; K0:>Ky ( co

B0KYITH0 no BCeM 8KCrrepMMeHTaJibHbIM MCCJie,n;oBa

HMRM n=60) Ma o6JiaCTb ccpopMMpOBaHHOro ,n;ecpeKTa 

TeMeHHbIX KOCTeM KpbIC JIMHMM BMCTa p ( C0B0KYITHO 

ITO BCeM MCCJie,n;oBaHMRM n=30) , H0B03eJiaH,D;CKMX Kpo

JIMKOB ( C0B0KYITHO ITO BCeM MCCJie,n;oBaHMRM n=60 ), Ha 

cpoK, Tpe6yeMbIJ1 3a,n;a qeJ1 MCCJie,n;oBaHMR. B cpe,n;HeM 

cp0KM ,D;JIR MMITJiaHTaI.J;MM rro,n; Ko.my C0CTaBJIRJIM 3 , 7 , 

14, 30 M 120 ,D;HeM, ,D;JIR MMITJiaHTaI.J;MM B ,n;ecpeKT Te

MeHHbIX KOCTeM - 14, 30 , 120 ,D;HeM. B ,n;aHHOM pa6oTe 

rrpe,n;cTaBJieHbl pe3yJibTaTbI , IT0JiyqeHHbie Ha 30-e 

cyTKM 8KCrrepMMeHT0B. 

KAU1-iU1ieCKUe UCCAeao8a1-iUJL O6pa3I.J;bl KOCTHOM 

TKaHM ( TperraH06MOITTa Tbl) 6bIJIM rroJiyqeHbl OT rrau;M

eHTOB , KOT0pbIM BbIIT0JIHRJIMCb orrepau;MM ITO yBeJIM

qeHMIO o6'heMa KOCTHOM TKaHM BepxHeM M HMmHeM 

qeJIIOCTeM (oTKpbITbIM CMHYC-JIMq:)TMHr n=30 , MMrrJiaH

TaI.J;MR B JIYHKY y,z::i;aJieHH0r0 3y6a n=60) rrepe,n; ycTa

HOBKOM ,n;eHTaJibHhlX MMITJiaHTaT0B. 3a6op o6pa3I.J;OB 

KOCTHOM TKaHM ocyw;ecTBJIRJIM qepe3 120 ,D;HeM IT0CJie 

MMITJiaHTaI.J;MM. Pa3pellleHMR 8TMqecKMX K0MMTeT0B 

,ll;JIR rrpoBe,n;eHMR MCCJie,n;oBaHMM rroJiyqaJIMCb B yqpem

,z::i;eHMRX corJiaCH0 ,n;eMCTBYIOI..QeMy rropR,n;Ky. 

PE3Y JlhTAThl 

G'KCnepu.Me1-i ffiCl.fl, b1-i ble UCCAeaoBa 1-i UJL 

II pM cpaBHMTeJibHOM rMCTOMopcpoJiorMqecKOM a Ha -

JIM3e pe3y JibTa T0B MMITJiaHTaI.J;MM pa3JIMqHbIX K0JIJia

reHOBbIX Ma TepMaJIOB rro,n; K0:>KY KpbICaM 6bIJIM BbIRB

JieHbl TMITMqHbie M3MeHeHMR qepe3 30 cyT IT0CJie orre

pau;MM BHe 3aBMCMMOCTM OT rrp0M3B0,D;MTeJIR J1 HaCbl

I..QeHMR MaTepMaJia pa3JIMqHbIMM areHTaMM (KOCTHbIM 

MopcporeHeTMqecKMM 6eJIOK, cpaKTop pocTa cocy,z::i;oB , 

rJIMK03aMMH0rJIMKaHbl J,1 rrp .). O6paI..QaJIO Ha ce6R BHM-
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MaHMe, qTo OCHOBOM peaKQMM M a KpoopraHM3Ma Ha 

ITO)J;KO:>KHOe BBe,ri;eHMe 6 b IJIO pa3 B MTMe rpaHy JieMa T03-

HOfO BOCITaJieHMJI: MH(pMJlbTp a QMJI JlMM<:pO- M ITJia 3 MO

QMTaMM ( p MC. 1, 8, e), C MH(pMJlb T p a QMett 06JiaCTM 

BBe,z:i;eHMH MaKpocparaM M, o6pa3 0BaHMeM rMraHTCKMX 

KJieTOK MHOpO,Il;HbIX TeJI MH Or,ri;a orpOMHOro pa3 Mepa 

( p:v1c. 1, 2, e) M , KaK CJie,IJ;CTB Me , o6pa30BaHMe cp:v16p o3-

HOM KaITcy Jlbl BOKpyr M a Tep Ma Jia (pMC . 1, a, 6). 
B cBOIO oqepe,z:i;h ITo,ri;o6Hbitt M a TepMaJI , BBe ,ri;eHHbIM 

B KOCTHblfr ,z:i;ecpeKT, ITPM p e H T r e H OBCKMX MCCJie,IJ;OB a 

HMHX BM,IJ;eH KaK peHTr eHOKOH T p a CTHbIM y qacTOK, ITO 

ITJIOTHOCTM HaITOMMHaIOW,MM KOCTHYIO T K a Hb. H a o6-

30pHOM fMCTOJIOfMqecKOM ITpe ITa paTe ( p MC. 2, a) Te 

MeHHbIX KOCTeM Kpb IC o6JiaCTb KOCT H Or o ,ri;ecpeKTa Bblf

JIH,IJ;MT KaK 6y,z:i;To 3aITOJIH e HHOM KOCTHbIM M a TpMKCOM , 

O)J;HaKO ITPM ,z:i;eTaJibHOM paCCM OTp e HMM M O:>KHO BbIH

BMTb Bee TO me rpaHy JieMa T03H Oe B OCITaJieH Me BOK

pyr MaTepMaJIOB , MH(pMJlbTpaQMIO JlMM<:pO- M ITJia3MO

QMTaMM, r:v1raHTCKMMM KJieTKaM M MHOpO)J;HbIX TeJI Ha 

ITOBepxHOCTM rpaHyJI MaTepMaJia, o 6pa30B a H Me cp:v16 -

p03HOM KaITCYJibl ( pMC. 2, 6). 

KAU1-lU"-leC1<:Ue UCCAe8o8a1-lUJL 

J13y-qe HMe TpeITaH06MOITTaTOB , ITOJiy"LieHHhIX OT 

ITaQMeHTOB , KOTOpbIM ITpOBO)J;MJiaCb HaITpaBJieHHaH 

pereHepaQMH KOCTHOM TKaHM C MCITOJlb30BaHMeM oc

TeOITJiaCTM"LieCKMX MaTepMaJIOB , BblRBMJIO pH)]; oco-

6 e HHOCTett o6pa30BaHMH pereHepaTOB. TaK, ITPM MM

ITJiaHTaQMM B JIYHKY y,ri;aJieHHoro 3 y6a MaTep:v1aJIOB , 

co,ri;epmaw,Mx JlMUib MMHe paJibHbIM KOMITOHeHT KCe

HOreHHOM KOCTM , cppOHT KOCTHOM p e reHepaQMM pac

ITpOCTpaHHeTCH KaK CB060)J;HO , TaK M ITO ITOBepxHOC

TM OCTeOITJiaCTM"LieCKOro MaTepMaJia , ITpOCTpaHCTBO 

M e m,ri;y rpaHy JiaMM 3aITOJIHeHo M pbIXJIOM BOJIOKHMC

T OM coe,ri;MHMTeJibHOtt , M cp:v16po3HOM TKaHhIO, ITpM

"Li e M HeKOTOpbie rpaHy Jlbl BOB Ce He MMeIOT KOHTaKTa 

C KOCTbIO (pMc. 3, 8) . Ha ITOBepXHOCTM rpaHyJI MaTe

pMaJia 60JibUIOe KOJIMqecTBO OCTeOM,ri;a (pMC. 3, 2). 

I1HaH KapTMHa Ha6JIIO,[l;aeTCH ITPM BBe,ri;eHMM KOJIJia

reHCO)J;epmaw,ero ITpeITapaTa. Ha p:v1c. 3, a HarJIH)J;HO 

BM)J;HO, "LITO cpe,ri;M rpaHyJI OCTeOITJiaCTM"LieCKOfO Ma

T e pMaJia ITpeo6Jia,ri;aIOT BOJIOKHa cp:v16po3HOM TKaHM, 

MH(pMJlbTpMpOBaHHOM JlMM<:pOQMTaMM. ,UOJIH BHOBb 06-

Puc. 1. Pe3yJibTaTbI MMITJiaHTau;v1v1 OCTeOITJiaCTW--I eCKMX MaTepMaJIOB ITO,z::I: Komy KpbICaM Ha 30-e cyTKM. OKpacKa ITO MaccoHy 

(a, 6) v1 ITO MaccoHy - f oJI,n:Hep y (B - e). 

3,n;ecb J1 Ha p11c . 2, 3: TOHKa.H CTpe JIKa - OCTeOrIJiaCTW--IeCKMJ/1 M aTepMaJI, TOJICTa.H CT p eJIKa - q:rn6 p o3H a .H TKaHb , 3 Be3,D;Ot.-IKa -

rv1raHTCKJ1e MHOfOR ,n;epHb ie KJieT KJ1 MH Op O,ll;HbIX TeJI , y r JIOB a .H CTpeJIKa - B OCITaJIMTe JibHbIJ/1 MH(pMJibTpaT. 
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Puc. 2. fv1cToJiorv1t.-iec

KM~ ITpeITapaT 30Hhl 

,z::i:ecpeKTa TeMeHHbI X 

KOCTe~ KphlC Ha 30-e 

cyTKM ITOCJie MMITJiaH

Tau;MM KOJIJiare HCO

,z::i:epmaw;ero ocTeOITJia 

cTv1qecKoro MaTepv1a 

Jia. OKpacKa ITO Mac

coHy - foJI,n:Hepy. 

a - X 32 , 6 - X 400. 
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p a30BaHHOM KOCTJ1 HeBenMKa, HO 

8 TJ1 HeMHOfOl..JMCneHHhie yqacTKJ1 

KOCTHOfO Bew;ecTBa Bee me MMe
IOT KOHTaKT C Ma Tep Man OM. Ha 
110BepXHOCTJ1 MaTepMaJia o6Hapy
JKJ1BaeTCJI MHOJKeCTBO KneTOK 
J1HOpO,D;HbIX Ten (pMC. 3, 6). 

B CBOIO oqepe,n;h KOCTHbIM pere
HepaT, o6pa30BaBWJ1L1C.H K 120-M 
cyTKaM rrocne J1MrrnaHTaQJ1J1 oc
TeorrnacTJ1qecKJ1X MaTepManoB B 
o6naCTb ,n;Ha BepxHeqenIOCTHOM 
11a3yxJ1, Mano OT nMqaeTC.H OT pe
reHepa TOB B nyHKe y,n;aneHHoro 
3y6a (pMc. 4, a). O,n;HaKo oco6eH
HOCThIO Ha ,n;aHHbIM cpoK Ha6nIO
,n; eHJ1.H .HBMnOCb 06HapymeHJ1e 
cpeHoMeHa rrorryTHOM pe3op6QMM 
BHOBb o6pa30BaHHOM KOCTHOM 
TKaHM J1 MMrrnaHTMpOBaHHOfO Ma
TepMana rMraHTCKJ1MJ1 KneTKaMM 
J1HOpO,n;HhIX Ten ( ecnM Ma Tep Man 
KonnareHco,n;epmaw;MM) 11 KneT
KaMM OCTeOKnaCTJ11.JeCKOro pR,n;a 
(ecnM MaTepMan MMHepanco,n;ep
m aw;MM) (pMc. 4, 6-2). IIpoQeccbI 
p e3op6QMM KaK MaTepMana, TaK 
11 KOCTJ1 corrpoBom,n;aIOTC.H 6yp
H blM rrpoQeCCOM OCTeoreHe3a 

(pMC. 4, 6). 
AHanorJ11.JHaR KapTMHa Ha-

6n10,n;aeTCR M rrpM TpaHcrrnaHTa
QM M TKaHeMHJKeHepHblX KOHCT
p yKQMM, co,n;epmaw;Mx ayToreH
Hhie CTpOManhHbie KneTKJ1 mMpo
BOM TKaHM, rro,n;BeprHyThie OCTeo
re HHOM ,n;McpcpepeHQI1pOBKe' J1 
qacTMl..JHO ,n;eMJ1HepanJ130BaHHbIM 

KCeHoreHHbIM KOCTHbIM Ma Tep Man. 
IIpoQeCCbl pe3op6QMJ1, KaK MaTe
p 11ana, TaK M KOCTM, corrpoBom
,n;aIOTCR 6ypHbIM rrpoQeCCOM oc
TeoreHe3a (pMc. 5 ). 

Pi1c. 3. rv1cToJior:v1t-recKa.H KapTJrna perettepaTOB , co,z:i;epmaw;v1x KOJIJiarettco,z:i;ep

m a w;v1e (a, 6) J1 ,z:i;eMJ1HepaJIJ130BaHHbie (B, 2) OCTeOIIJiaCTW!eCKJ1e MaTepv1aJibI , 

rroMeru;eHHbie B JIYHKY y,z:i;aJieHttoro 3y6a. OKpacKa TIO Maccotty (a, 6) v1 TIO Macco

HY - foJI,z:i;Hepy (B, 2). 

P11c. 4. rv1cTOJIOfW-IeCKJ1e TipeTiapaTbI KOCTHbIX perettepaTOB, TIOJiy-r-IeHHbIX J13 

o6JiaCTJ1 ,D;Ha BepxHeqeJIIOCTHOM Tia3yXJ1 qepe3 120 ,D;HeH TIOCJie J1MTIJiaHTaQJ1J1 

MaTepv1aJia Ha OCHOBe HaTypaJibHOfO rv1,z:i;pOKCJ1aTiaTJ1Ta. OKpacKa TIO Maccotty -

foJI,z:i;ttepy. 

a - X 32, 6, 2 - X 400, B - 200. 
ToHKa.H CTpe.rrKa - OCTeon.rraCTJtP-IeCKMJ!l MaTepv1a.rr, TOJICTa.H - cpv16po3Ha.H TKaHb , 

3Be3,D;Ot.!Ka - OCTeOKJiaCTbl, yrJIOBa.H CTpe.rrKa - BOCTiaJIMTeJibHblJ!l MHC!)MJibTpaT, Kpy

)KQK - o6pa3yIO~aRCR KOCTHaR TKaHb. 

Pitc. 5. fJ1CTOJIOfJ1qecKJ1H TipeTiapaT KOCTHOH TKaHJ1 qepe3 120 ,D;Hett TIOCJie J1MTI

JiaHTaQJ1J1 TKaHeJ1HmeHepHOH KOHCTPYKQJ1J1 B o6JiaCTb ,D;Ha BepxHeqeJIIOCTHOH Tia3yxv1 , co,z:i;epmaw;ett OCTeOTIJiaCTJ1qecKJ1H 

MaTepv1aJI v1 ayTOJIOfJ1qHbie OCTeoreHHbie KJieTKJ1. OKpacKa TIO Maccotty - foJI,z:i;Hepy. x 100. 

ToHKOM CTpeJIKOH yKa3aH yqaCTOK 0,l];HOBpeMeHHOH pe3op6QJ1J1 KOCTJ1 J1 OCTeOTIJiaCTJ1qecKoro MaTepv1aJia , TOJICTOH - OCTeO

rIJiaCTJ1qecKJ1H MaTepv1aJI. 
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OBCY:tK,UEHME 

B HaCTOHr.u;ee BpeM H CJie ,n;yeT rrpM3HaTb , l.{TQ IIOJI

HOCTbIO OTKa3aT bCH OT MCIIOJib 30BaHMH OCTe OIIJiaCTM"l{ 

ceKMX MaT epMaJI0B B KOCTH OM p eKOHCTpyK TMBHOM XM 

pyprMM rrpaKTM"l{ e CKM HeB03M 0:>KH0. 3 a qacTyIO « rrpo-

6JieMbI ,Zl;0H 0 pCKMX 30H » rryraIOT XMpypra 60Jib1lle , He

:>KeJIM Bep OH T Hbie OCJIO:>KHeH M.fI OT MCIIOJib 3 0BaHMH oc 

Te0rrJiaCT M "l{e CKMX MaTepMaJI0B , CBe,n;eHbH 0 6e3orrac

H0CTM M 3 cpcp e KTMBHOCTM K0T0pbIX c o6paHbI H e TaK 

CKpyrryJie3H O. TaK, B 0 ,Zl;HOM M3 rry6JIMKaIJ;MM [ 4] 0IIM

caHMe rMCTOJIOr Mq e cKOM Ka PTMHbI rrpe,n;c T a BJie H0 CJie

,n;yIOI.IJ;MM o6p a30M : « f MCTOJIOrMqecKa.H Ka PTMHa yqa

CTKa ,n;eMMH e p aJIM30BaHtto ro K0JIJiareH a qep e3 1 Mee 

IIOCJie MMIIJiaH TaIJ;MM rr o ,n; KOH'bIOH KTMB Y r Jia3 a Kpo

JIMKa. B oKp y r MM IIJiaH Ta Ta BM,Zl;Ha yMepeHHaH MH<:pMJib

Tpau;MH KJieTKaM M. HBJieHMH B0CIIaJieH MH M ,n;ecTpyK

IJ;MH MMIIJiaH TaTa 0TCYTCTBYIOT » (pMC. 6, a , MJIJIIOCT

pau;MH B3HTa M3 CTaTbM ) . O,n;HaKO rrpM II0Jib 3 0BaHMM 

a,n;eKBaTHbIX 0KpacoK, M3yqeH MM rrperrapaT0B Ha 60Jib

rneM yBeJIM"l{eHMM 6 bIJia 6 b I BbIHB JieHa MHaH Ka PTMHa 

(pMC. 6, 6). ,Uame Ha rrpe,ri;cTaBJieH HOM M MKpocpOTO

rpaMMe QT"l{eT JIMB O B M,Zl;Ha B0CIIaJIMT eJibHaH MH<:pMJib

Tpau;MH M K0HTYPbI rMraHTCKMX KJieT0K MH0p0,Zl;HbIX 

TeJI B HM:>KH eM JieB 0 M yr JIY Ka pTMHKM. 

Xopowo M3B e CTHO, l.{TQ KOJIJia r e H MMeeT HeBbipa

.:>KeHHbie Me:>KB M,Zl;0 Bbie aHTMreHHbie CBOMCTBa [ 5 , 6], 
o,n;HaK0 He Bce r,n;a II0 HHTH0, ITO KaKOM rrpM"l{MHe Ha 

,Zl;OKJIMHM"l{eCKOM 3Tarre Ma T epMaJibI BbI3 bIBaIOT xpo

HM"l{eCKOe rpaHy JieMa T03H Oe B OCIIaJie HMe. B HaWMX 

Ha6JIIO,n;eHMHX MbI o 6tta pymMB aJIM B qacTMu;ax ocTeo-

rrJiaCTMqecKoro Ma TepMaJia JiaKyHbI , co,n;epmar.u;Me 

0CTaTKM xpoMaTMHa 6bIBWMX TaM K0r,n;a-T0 0CTeo

IJ;MT0B (pMC. 7 ). CKeIITM"l{eCKM HaCTp0eHHbie MCCJie

,Zl;OBa TeJIM MOryT 3aHBMTb , l.{TQ JiaKyHbI 3aceJIMJIMCb 

KJieTKaMM p e u;MrrMeHTa , o,n;HaKO 3TO HeB03MO.:>KHO 

BCJie,Zl;CTBMe 0TCYTCTBMH rro,n;o6Horo MexaHM3Ma o6-

pa30BaHMH KOCTHOM TKaHM. 

TaKMM o6pa3 0M , eCJIM B e pHyTbCH K B0rrpocy 06 

3cpcpeKTMBHOCTM M 6e3orraCHOCTM 0CTeorrJiaCTM"l{eCKMX 

MaTepMaJI0B HaTypaJibH0ro rrp0MCX0:>K,n;eHMH, TO CJie

,n;yeT OTMeTMTb, l.{TQ ,Zl;OKJIMHM"l{eCKMe 3KCrrepMMeHTaJib

Hbie MCCJie,n;oBaHMH ,Zl;0JI:>KHbI BKJIIOqa Tb B c e 6H II0CJie

,Zl;0Ba TeJibHYIO u;erroqKy 3TaII0B , BKJIIOqaIOI.IJ;MX B ce6.H 

MCCJie,n;oBaHMH in vitro (MTT-Te cT) , 3KcrrepMMeHTaJib

Hbre 3KCTpaoccaJibHbie (MMIIJiaHTaIJ;MH B MbIWIJ;Y M 

II0,Zl;K0:>KHYIO KJieTqaTKy) , MHTpaoccaJibHbie (B M0,n;e

JIHX K0CTHbIX ,n;ecpeKTOB) , a yme II0CJie rroJiyqeHMH 

y6e,n;MTeJibHbIX ,n;aHHbIX CJie ,n;yeT rrpMCTyrra Tb CHa qa

Jia K orpaHM"l{eHH0M KJIMHM"l{ e CKMM MCCJie,n;oBaHM.fIM M 

T0JibK0 II0T0M - K pacrnMpeHHbIM. Ha Harn 3r JIH,Zl;, o6H-

3a TeJibHO CJie,n;yeT rrpOBO,ll;MTb rMCTOMopcpOJIOrMqec

K0ro MCCJie,n;oBaHMe C MOpcpoMeTpMeM 0CH0BHbIX rra

paMeTp0B K0CTH0ro pere H e pa Ta ,Zl;JIH Toro, l.{T06bI 

MMeTb o6oeKTMBHbie ,n;aHHbie , 0CH0BbIBaHCb Ha K0T0-

pbIX Ma TepMaJI M0:>KH0 6bIJIO 6bI peK0MeH,Zl;0Ba Tb K 

WMpOKOMY MCIIOJib30BaHMIO. 
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OP,IIJ1HAPHhIE II AKTIIBMPOBAHHhIE OCTEOIIJIACTMqECKIIE MATEPIIAJlhl 

P.B. )Jeee) A.JO. )lpo6btULeeJ 11.fl. £030 

OAO «MHCTMTYT CTBOJIOBbIX KJieTOK t.JeJioBeKa >> ; fBOY BIIO «MocKOBCKMM rocy,IJ;apcTBeHHbIM 

Me,IJ;MKO-cToMaToJiorMT.JecKMM y m,rnepc11TeT MM. A .M. EB,IJ;OKMMOBa »; <PfBY «rocy,IJ;apcTBeHHbIJ/1 

Hayt.JHblJ/1 u,eHTP PocCMJ!lCKOJ/1 ¢ e,IJ;epaU,MM - ¢ e,IJ;epaJibHblJ!l Me,IJ;MIJ,MHCKMJ/1 6MO(pM3Mt.JeCKMJ!l u,eHTp 
MM. A.M. Byptta3.HHa » ¢MBA PoccMM, MocKBa , pep 

Ocmeon;wcmuLteCKUe Mamepuaflbl flBJlflJOmCfl BbLCOKO eocmpe6oeaHHbLMU e KflUHULfecKOU npaK
muKe Meau~UHCKUMU U3aefl UflMU, noKa3aHHbLMU aflfl 3aMell{eHUfl KOCmHbLX aerpeKmOB U BOC

nOJlHeHUfl y11,acmKOB amporpuu KOCmHOU mKGHU. Ha OCHOBe aHaflU3a coepeMeHHbLX 2pynn 

ocmeonflacmu11,ecKux Mamepua!loe, oco6eHHocmei1 ux cocmaea, MexaHU3Moe 6uoflo2u11,ecK020 
aeucmBUfl U noKa3aHUU K npuMeHeHU/0 npeaflo;)ICeHa npUKJlaaHafl KJl aCCUrpUKG~Ufl, 8 COOm

eemcmBUU C KOmOpOU Meau~UHCKUe U3aeflU5l pmaeflH JOmCfl HG opauHapHbte U GKmueupoeaH

Hbte. OcHOBHbtM aurprjJepeH~uaflbHbtM KpumepueM flBflJlemCfl HafluLtue e cocmaee MamepuaJ1a 
cmaHaapmu3upoeaHHblX no /WLf,eCmeeHHblM u KOflULf,eCmeeHHblM napaMempaM 6UOJW2ULfeCKU 
aKmUBHblX KOMnOHeHmoe: cjJaKmopoe pocma, KflemoK Ufl U ceHHbLX KOHCmpyK~UU, Koaupy10-

ll{UX rpaKmopbt pocma. Bbtpa:>1CeHHbte ocmeouHayKmueHbte u (uflu) ocmeo2eHHbte ceoucmea 
aKmueupoeaHHbtX ocmeonfl acmuLtecKux Mamepua!loe no3BOflflJOm pacc11,umbLBamb Ha ux 3r_/J
cjJeKmueHocmb npu 3GMell{eHUU npomR:JICeHHblX (o6beMHbtX) KOCmHblX aerpeKmoe. 

K J1 JO ye Bbl e C J1 0 Ba : OCTeorr11aCTHYeCKJ.1e MaTepHaJibl' 61-1011orw-IeCKJ.1 aKTl1BHhle KOM
noHeHTbl, cpaKTOpbl pOCTa, KJleTKH, reHHbie KOHCTPYKUHH. 

Ordinary and Activated Osteoplastic Materials 

R. V. Deev, A. Yu. Drobyshev, I. Ya. Bozo 

Human Stem Cells Institute, Moscow; A.I. E vdokimov Moscow Sta te University 

of M edicine and D entistry, Moscow; A.I. Burnazyan Federal Medical and Biophysical 

Center, Moscow, Russia 

Osteoplastic materials are highly required medical devices for bone defects substitution and 
filling the areas of bone tissue atrophy. Based on analysis of modern groups of osteoplastic 
materials, features of their composition, mechanisms of biological action, and indications for 
clinical use, the applied classification which divides the medical items into ordinary and activat
ed categories is proposed. The main differential criterion is the presence of certain biologically 
active components in the material composition: growth factors, cells or gene constructions encod
ing growth factors that are standardized by qualitative and quantitative parameters. Pronounced 
osteoinductive and (or) osteogenic properties of activated osteoplastic materials enable counting 
on their effectiveness in replacement of large bone defects. 

Key words : osteoplastic materials , biologically active components , growth factors , cells, 
gene constructions. 

KocTHOIIJiacT11qecK11e orrepau;1111 - o,z::i;tta 113 octtoB

HbIX COCTaBJIRJOllJ;J1X rrpaKTJ1KJ1 KaK B TpaBMa TOJIOfJ1J1 

J1 opTorre,z::i;1111, TaK J1 B qeJIIOCTHO-Jmu;eBOJ1 x11pypr1111. 
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BbICOKaR qacTOTa BbIIIOJIHeHMR TaKMX orrepa TMBHbIX 

BMewa TeJibCTB o6ycJIOBJieHa pacrrpocTpatteHHOCTbIO 11 

MHOroo6pa3MeM rra TOJIOfJ1qecKJ1X COCTORHJ1J1 , rrpMBO-
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,l];JU.IJ;J1 X K cpopMMp o Bamuo KOCTHbIX ,z:i;ecpeKTOB. Crre

u;v1cpw-recKyIO r p y rrrry ITOKa3aHMI1 K rrpMMeHeHMIO oc

TeorrnacTJ1qecKMX M a T e pv1anoB B TpaBMaTonorv1v1 v1 

opTorre,z:i;MM COCTaB m I IOT ,z:i;ereHepa TMBHO-)];MCTpO<pM

qecKMe 3a6oneBaHMR ITO3BOHOqHJ1Ka J1 KpyrrHbIX cyc

TaBOB, a B xv1pyprv1qecKOI1 CTOMaTonorMM J1 qenIOCT

HO-nMI.J;eB OI1 xv1pyprMM - a TpO<pMR anbBeonRpHoro 

OTpOCTKa BepxHeM qenIOCTM J1 anbBeOnRpHOI1 qacTM 

HM:>KHett qenIOCTM. 

TonbKO B CIIIA, no ,z:i;aHHbIM Hau;v10HanbHoro u;eH

Tpa CTaTMCTMKM 3,z:i;paBooxpaHe HMR , B 2010 r . Konv1qe

CTBO orrepau;v111 Ha KOCTRX M c y cTaBax COCTaBMnO 

4 MnH 3 9 2 TbIC. Ii13 HMX OKOno 1 M n H 6bWO BbIITOnHeHO 

Ha KOCTRX qeperra, KOHeqH OCTett, p e 6pax v1 rpy,z:i;MHe 

ITO ITOBO,z:i;y TpaBM, ITOCTTpaBMa TJ1qecKJ1X ,z:i;ecpopMal'(MI1 , 

OHKOnorv1qecKJ1X J1 BOCrranMTenbHbIX 3a6oneBaHMI1, a 

ew;e 1 MnH 394 T bIC . - ::rn,z:i;orrpoTe3MpOBaHMI1 cycTa

BOB HM:>KHMX KOHeqHOCTeM ( C y q e T OM peBJ13MOHHbIX 

BMernaTenbCTB). IIpv1qeM H e M e ttee qeM B 20-25% cny

qaeB Tpe6oBanOCb rrpMMeH e H Me OCTeo rrnaCTJ1qecKMX 

MaTepv1anoB. Konv1qecTBO CITOH,1J;Mn o ,z:i;e3 OB , B 6onbWMH

CTBe cnyqaeB BbIITOnHReMbIX C MCITOnb3OBaHMeM KOCT

HO3aMew;a10w;v1x MaTepv1anoB , COCTaBMno 500 TbIC. 

(BKnIOqaR 27 TbIC. peorrepau;v111), a q v1cno apTpo,z:i;e3oB 

- 21 TbIC. [ 1]. MHbIMM cnoBaMM , o 6w;ee KOnv1qecTBO 

orrepau;v111 C rrpMMeHeHMeM K OCTHO3 aMew;a10w;v1x Ma

Tepv1anoB COCTaBMnO He MeHee 1,3 -1 ,5 MnH. yqJ1TbI

BaR, qTo qv1cno 3KCrrnaHTal'(MI1 ayTOKOCTHbIX cppar

MeHTOB He rrpeBbICMno 207 TbIC. , ITOTpe 6HOCTb B OCTeo

rrnaCTJ1qecKJ1X Ma Tepv1a n ax CTaHOBMTCR oqeBM)];HOI1. 

B xv1pyprv1qecKOI1 CTOMaTo n o rMM J1 qenIOCTHO-nM

u;eBOI1 xv1pyprMJ1 ,z:i;nR ycTaHOBKM Kam,z:i;oro qeTBepTO

ro ,z:i;eHTanbH Or o MMrrnaHTa T a Tpe6yeTCR KOCTHaR rrna

CTMKa [2]. IIpM 3TOM, c o rnaCHO o u;eHKe KOMITaHMM 

« llITpayMaH » (fepMaHMR), TOnbKO B TaKMX CTpaHax, 

KaK MTanMR , Mcrra H MR , llIBe11u;apv1R , fepMaHMR, AB

CTpMR, Hv1,z:i;epnaH ,z:i;b1 , llIBel'(MR, IIopTyranMR, <PpaH-

1.'(MR, Benv1Ko6pv1TaH MR , KaHa,z:i;a , CIIIA, IOmHaR Ko

peR, HrroHMR, ABcT p anMR , Bpa3v1nv1R , PoccMR, Kv1-

Ta11, MH)];MR o6w;ee K On v1qecTBO ycTaHaBnMBaeMbIX B 

ro,z::i; (20 12) MMrrnaHT a TOB COCTaBnReT He MeHee 10, 7 MnH 

e,z:i;MHML(; J13 HMX B P o cCMM - OKOno 220 TbIC. (qTo , 

BepORTH O, B e CbMa 3 aHM:>KeHo) [3]. B 3TOI1 CBR3J1 rro

Tpe6HOCTb B OCTeorrnacTJ1qecKMX Ma Tepv1anax TOnbKO 

rrpM ,z:i;aHH OI1 Ka T ero pMM Me)];ML(MHCKMX ITOKa3aHMI1 co

CTaBnReT 6onee 2,5 MnH yrraKOBOK. 

Konv1qecTBO o,z:i;o6peHHbIX ,z:i;nR Knv1Hv1qecKoro rrpv1-

MeHe HMR Me)];ML(MHCKMX J13,1J;env111 J13 6v1ope3op6v1pye

M bIX Ma Tepv1anoB , ITOKa3aHHbIX ,z:i;nR 3aMew;eHMR KOC

T HbIX ,z:i;ecpeKTOB, B PocCMM COCTaBnReT 6onee 100. 3a 

p y 6emoM, a TaKme Ha CTa)];MRX 3KCrrepMMeHTanbHbIX 

J1 K nMHJ1qecKMX Mccne,z:i;oBaHMI1 MX KOnv1qecTBO B He

CKOnbKO pa3 6onbrne. QqeBM)];HO, qTo TaKoe MHOroo6-

pa3Me Ma Tepv1anoB ,z:i;nR KOCTHOI1 rrnacTMKM RBnReTCR 

pe3ynbTaTOM He TOnbKO BbICOKOI1 ITOTpe6HOCTM, HO J1 

OTCYTCTBMR YHMBepcanbHOro Me)];ML(MHCKOro J13,l];enMR, 

3cpcpeKTMBHOrO B 6onbWMHCTBe KnMHJ1qecKMX CMTya

L(J1I1. MMeHHO ocTeorrnacTJ1qecKJ1I1 Ma Tep Man ,z:i;ame B 

cnyqae rrpaBMnbHO cocTaBneHHoro rrnaHa neqeHMR, 

OITTJ1ManbHOro TeXHJ1qecKoro BbIITOnHeHMR orrepau;MM 
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C rrpMMeHeHMeM rrepe,z::i;OBbIX Me)];ML(MHCKMX TeXHOno

fJ1I1 MomeT rrpe,z:i;orrpe,n;enMTb Herrpe,n;cKa3yeMOCTb M B 

pR,z:i;e cnyqaeB Hey,n;oBneTBOpMTenbHbII1 pe3ynbTaT 

neqeHMR. 

MHoroo6pa3v1e BHe,z::i;peHHbIX B rrpaKTMKY v1 Haxo

,z:i;Rw;MxcR Ha pa3nJ1qHbIX CTa,D;MRX pa3pa60TKJ1 OCTeo

rrnaCTMqecKMX MaTepv1anOB Hym,n;aeTCR B CMCTeMaTJ1-

3al'(MM, ITO3TOMY yme OITMCaHbI BapMaHTbI pa3,n;ene

HMR MaTepv1anoB no rrpov1cxom,n;eHMIO, xv1Mv1qecKOMy 

COCTaBy, (pM3J1qecKMM CBOI1CTBaM J1 rrpoqMM OCHOBa

HMRM [ 4]. II pe,n;nomeHa TaKme xpoHonorv1qecKaR Knac

cv1cpv1Kau;v12 , pa3,n;en210w;aR Bee pa3pa6oTaHHbre oc

TeorrnacTv1qe cKv1e Ma Tepv1anb1 ,n;enRTCR Ha 5 rroKone

HMtt: KCeHO- , anno- J1 ayToreHHbie KOCTHbie cpparMeH

TbI , He rro,z::i;B e praBwv1ecR crreu;v1anbHOI1 o6pa6oTKe; 

KOHCepBMpoBaHHbie annoKOCTHbie MaTepv1anbr; aHa

norM KOCTHOI1 TKaHM CMHTeTJ1qecKoro J1 Ha TypanbHOro 

rrpov1cxom,n;eHMR , B TOM qv1cne c cpaKTopaMM pocTa; 

TKaHeMH:>KeHepHbie KOCTHbie rpaq:>Tbr ; reH-aKTMBMpo

BaHHbie o cTe orrnacTv1qecKv1e MaTepv1anbr [5 ). Be3yc

noBHO , BCe pa3pa6oTaHHbie CMCTeMbI norv1qHbI, HO 

MMeIOT nMWb TeopeTJ1qecKoe 3Ha qeHMe, He CBR3aHbI C 

Me,D;ML(MHCKMMM ITOKa3aHMRMM, a ITOTOMY He RBnRIOT

CR rro,z::i;crropbeM rrpM BbI6ope OITTMManbHOro Ba pMaHTa 

Me,D;ML(MHCKOr o M3,n;enMR B KOHKpeTHOI1 KnJ1HJ1qecKOI1 

CMTyau;MM. II PM 3TOM cyw;ecTByeT ITOTpe6HOCTb J1MeH

HO B rrpMKn a,n;HOI1 KnaccM<pMKal'(MM, KOTOpaR ITO3BO

nv1na 6bI o6'be,l];MHJ1Tb KaK TeopeTJ1qeCKJ1e acrreKTbI, 

Ba:>KHbie ,z::i;nR 6v10MaTepv1anoBe,n;oB, TaK J1 rrpaKTJ1qec

KMe OCHOBaHMR , Heo6XO)];J1Mbie BpaqaM. <PopMynv1poB

Ke J1 o6ocHOBaHMIO MMeHHO TaKOI1 CMCTeMaTM3al'(J1J1 

ITOCBRrn;eHa ,n;aHHaR pa6oTa. 

COBPEMEHHblE HAUPABJIEHJ1ll B PA3PAEOTKE OCTE

OilJIACTJ1qECKJ1X MATEPJ1AJIOB 

llepBoe mex1-lo.1w2u1.iec1we 1-lanpa6.1ie1-lue 06'be,n;v1-

HHeT a6conIOTHOe 6onbWMHCTBO BHe,n;peHHbIX B KnJ1-

HJ1qecKyIO rrpaKTMKY OCTeorrnaCTJ1qecKMX MaTepv1a

noB, He co,z::i; e pmaw;v1x 6v1onorv1qecKM aKTMBHbre KOM

rroHeHTbI , CTaH,n;a pTM3MpOBaHHbie ITO Ka qecTBeHHbIM 

M KOnJ1qecTBeHHbIM ITOKa3a Ten.HM. K ,n;aHHOI1 Ka Tero

pMM, KOTOpyIO MO:>KHO o603HaqJ1Tb TepMMHOM « op,n;M

HapHbie MaTepv1anbI » , OTHOCHTCH: annoreHHbII1 J1 KCe

HOreHHbII1 KOCTHbII1 Ma TPMKC pa3nJ1qHbIX TeXHOnorv111 

o6pa6oTKM(,n;eMMHepanM30BaHHbII1,)J;errpoTeMHJ13Mpo

BaHHbII1) [6] ; cpoccpaTbI Ka.Tibl'(MH (~-TpMKanbl'(J1H cpoc

cpaT [7], OKTaKanbl'(MeBbII1 cpoccpaT [8) v1 ,z:i;p.); HaTy

panbHbII1 MnM CMHTeTJ1qecKMI1 rv1,z:i;pOKCJ1arraTMT [9); 
CMHTeTv1qecKv1e (PLGA v1 T.,z:i;.) [10) v1 HaTypanbHbie 

(KonnareH, XMT03aH) opraHv1qecKv1e rrom1Mepb1 [ 11 ]; 
CMnMKaTbI [12); KOMITO3MTHbie M3,z:i;enMH J13 BbIWerre

peqJ1cneHHbIX Ma Tepv1anoB v1 ,n;p. 

I13BeCTHO, qTo OCTeorrnaCTJ1qecKMe MaTepv1anbI 

MoryT o6na,n;aTb pa3nJ1qHbIMJ1 CBOI1CTBaMM, 06ecrre

qJ1BaIOrn;MMM crreu;v1cpv1qecKoe BnMHHMe Ha perra pa TMB

HbIM OCTeOrMCToreHe3. K TaKMM CBOI1CTBaM OTHOCHTCH 

ocmeo'Ko1-lay'K?.f UJL, ocmeon pome'K?.f UJL, ocmeouHay'K-
1.fUJL, ocmeo2e1-l1-l0Cmb [ 13]. A6conIOTHOe 6onbWMHCTBO 

op,n;v1HapHbIX ocTeorrnacTv1qecKv1x MaTepv1anoB o6na

,z:i;aIOT r naBHbIM o6pa30M OCTeOKOH,n;yKu;MeM. HeKOTO-
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pbie J13 HMX (HanpMMep, ~eMr-rnepaJIM30BaHHbIM KOCT

HblM MaTpMKC, no.rryqeHHbIM B pe3yJibTaTe o6pa60TKJ1 

C J1CnOJib3OBaHMeM pa3JIJ1qHbIX TeXHOJIOfMM; cpoccpa

Tbl KaJibIJ;MH J1 np.) xa paKTepM3YIOTCH TaKme yMe

p eHHbIM OCTeOMH,z::t;YKTJ1BHblM ,z::t;eMCTBMeM, BepOHTHO, 3a 

cqeT onTMMaJibHbIX cpI13J1KO-XJ1MJ1qecKJ1X CBOMCTB J1 

(I1JIJ1) HaJIJ1qJ1H B COCTaBe MaTpMKCa Heonpe,z::i;e.rreHHO

ro, He CTaH,z::t;a pTI13MpOBaHHOro no Ka qecTBeHHblM J1 

K o.rr11qecTBeHHbIM napaMeTpaM cneKTpa 6110.rror11qec

KJ1 aKTMBHbIX Bew;ecTB [ 14]. OcHOBHOM MexaHJ13M MX 

~eMCTBJ1H o6yc.rrOBJieH HanpaBJieHMeM cpopMMpymw;e

rocH KOCTHOrO pereHepaTa, a npe,z::i;e.rr 3cpcpeKTMBHOCTJ1 

o rpaHJ1qJ1BaeTCH onTJ1MJ13au;MeM ecTeCTBeHHOro xo,z::i;a 

p enapaTMBHOro OCTeOrMCTOreHe3a, qTo onTMMaJibHO 

~ JIH 3aMew;eHMH KOCTHbIX ~ecpeKTOB C BbICOKMM ypoB

H eM aKTJ1BHOCTJ1 Ha TMBHblX OCTeOJ1H~yu;11pymw;11x 

cpaKTOpOB, HO He,z::t;OCTaToqHo ~JIH BOCnOJIHeHMH npo

TH.meHHbIX ( o6neMHbIX) KOCTHbIX ~ecpeKTOB. 

Y CTaHOBJieHO, qTo npOTH.meHHble ( o6neMHbie) KOC

T Hbie ,z::i;ecpeKTbl, KOTOpbie npe,z::t;CTaBJIHH)T cepbe3HYIO 

K JIJ1HJ1qecKyIO npo6.rreMy, xapaKTepM3YIOTCH «OCTeo

reHHOM He,z::t;ocTaToqHocTbIO » . Ocmeo2e1-l1-laJi 1-le8ocma
mo'l..{,1-l0Cmb - 3TO naTOJIOrJ1qecKoe COCTOHHMe, o6yc

JIOBJieHHOe HJ13KOM aKTJ1BHOCTbIO OCTeOJ1H,z::t;yu;11pym

w;11x cpaKTOpOB CJ1CTeMHOro J1JIJ1 JIOKaJibHOro ypoBHH 

( Ta6.rr. 1) 11 (I1JIJ1) MaJiblM KOJIJ1qecTBOM KaM6MaJibHblX 

K JieTOK B o6.rraCTJ1 noBpem~eHMH KOCTM , npM KOTOpOM 

e cTeCTBeHHbIM XO,z::t; pena pa TJ1BHOro OCTeOrMCTOreHe3a 

H e cnoco6eH 06ecneqJ1Tb no.rrHoro ee rMcTo- M opraHo

TJ1nJ1qecKoro BOCCTaHOBJieHMH [ 15 ]. 
IIp11qJ1Hbl OCTeoreHHOM He,z::t;OCTaToqHOCTJ1 MO.lli:HO 

pa3,z::t;e.JIJ1Tb Ha MeCTHbie J1 06w;11e. K nepBbIM OTHOCHT

CH pa3Mepb1 ~ecpeKTa, ero reoMeTpMH, KOJIJ1qecTBO 

CTeHOK [16]; noBpem,z::i;amw;MM cpaKTOp (BbICOKO- J1 HJ13-

K 03HepreTJ1qecKJ1e TpaBMb1), Ha.rr11q11e naTo.rror11qec

Koro Bocna.rrMTeJibHoro npou;ecca M cpaKTopoB, ero no,z::i;

~ep.m11Bamw;11x; HJ13KaH nJIOTHOCTb cpyHKIJ;J10HMpym

w;11 x cocy,z::t;OB reMOMMKpou;MpKyJIHTOpHoro pyc.rra B 

CT eHKax KOCTHOrO ~ecpeKTa J1 np. Cpe,z::t;M 06w;11x npM

q J1H BbI,z::t;eJIHIOT B03pacT [ 1 7], CO Ma TJ1qecKJ1e 3a6o.rre

Ba HMH (caxapHblM ~Ma6eT [18], OCTeonopo3 [19]) , Bpe,z::t;

Hble npMBblqKJ1 (KypeHMe) [20], npMeM .rreKapCTBeH

HblX npenapaTOB, HeraTMBHO BJIJ1HIOill;J1X Ha OCTeore

H e3 (u;MTOCTa TJ1KJ1 [21], B03MO.lli:HO, 611ccpoccp0Ha Tbl 

[22], xoTH cor.rracHo MeTa-aHa.rr113y D. Xue 11 coaBT. 

(2014) OTp11u;a TeJibHOro BJIJ1HHJ1H noc.rre,z::t;HMX Ha cpo

K J1 3a.mJ1BJieHJ1H nepe.JIOMOB BblHBJieHO He 6bIJIO [23]). 
TaKMM o6pa30M, Bee KOCTHbie ~ecpeKTbl MoryT 6bITb 

pa3,z::t;e.rreHbl Ha ,z::t;Be rpynnbl no OTCYTCTBJ1IO / HaJIJ1qJ1H) 

OCTeoreHHOM He~OCTa TOqHOCTJ1. IIepBbie OT JIJ1qaIQTCH 

BbICOKOM aKTMBHOCTbH) ecTeCTBeHHOro pen a pa TJ1BHO

ro npou;ecca, n03TOMY ~JIH COKpaw;eHMH cpOKOB .rreqe

HM H J1 no.rryqeHMH KOCTHOro pereHepa Ta 60.Jiblllero 

o6neMa B MX c.rryqae ,z::t;OCTa TOqHo onTJ1MJ13au;MJ1 pena

pa TMBHOM pereHepau;MM. ,I(ecpeKTbI C OCTeoreHHOM He

~OCTa ToqHOCTbH) xapaKTepM3YIOTCH HJ13KOM J1HTeH

CJ1BHOCTbH) OCTeOrMCTOreHe3a , B CBH3J1 C qeM Tpe6y

IOT He CTOJibKO OnTMMJ13au;MM, CKOJibKO J1H~YKIJ;J1J1 J1 

no,z::i;~epmaHMH ero Ha BbICOKOM ypOBHe , qTo MO.meT 

6bITb ~OCTMrHyTO TOJibKO npMBHeCeHMeM ~OnOJIHJ1-
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Op,D,J.rna pHbie 

KocTHbIM 

MaTpMKC 

¢occpaTbI 

KaJibIJ;MJI 

fM,D,pOKCJ,,1-

anaTMT 

OpraHw-recKMe 

TIOJIMMepbl 

BMoCMTaJihI 

AKTJ,,1BJ,,1pOBaHHbie 

TKaHe

MH.iKeHep

Hble 

IIpoTeMH

aKTMBMpo

BaHHbie 

feH

aKTMBMpO

BaHHbie 

Puc. 1. O6o6r..u;eHHaJI KJiaCCJ,,1(pJ,,1Kau;MH C0BpeMeHHbIX 0CTe0-

TIJiaCTJ,,1qecKMX MaTepMaJI0B. 

TeJibHbIX cpaKTOpOB pocTa, cy6cTaHIJ;J1M, nOBbilllaIO

w;11x MX CJ1HTe3 , J1JIJ1 KJieTOK , cnoco6HbIX K MX npo

~YKIJ;J1J1. MHbIMJ1 CJIOBaMM , ~JIH BOCnOJIHeHMH KOCTHbIX 

,z::i;ecpeKTOB C OCTeoreHHOM He,z::t;OCTa TOqHOCTbH) op,z::t;MHa p

Hbie Ma TepMaJibI He3cpcpeKTJ1BHbI , TaK KaK Hecnoco6-

HbI npMBHeCTJ1 , CMO,z::t;eJIMpOBaTb B03,z::t;eMCTBJ1H cpaKTO

poB pery JIHIJ;J1J1 OCTeOrMCTOreHe3a. ,I(JIH 3TMX u;e.rreM 

OCTeon.rraCTJ1qecKJ1e Ma TepMaJibI COBMew;amT C KJieT

KaMM, cpaKTOpaMJ1 pocTa J1JIJ1 reHHbIMM KOHCTpyKu;M

HMM, MX KO,z::t;Mpymw;MMJ1. Co3~aHJ1e CJIO.lli:HbIX MaTe

pMaJIOB , co~epmaw;Mx 6110.rror11qecKJ1 aKTMBHbie KOM

noHeHTbI , J1 COCTaBJIHeT emopoe meX1-W.11,0e,U'l..{,eCK0e 
1-lanpaeAe1-lue, o6ne~MHHIOw;ee « aKTMBMpoBaHHbie Ma

Tep11a.rrb1 » . IIo np11po~e ocTeOJ1H,z::t;yu;11pymw;ero KOM

noHeHTa J13,z::t;e.JIJ1M pa3pa60TKJ1 MOryT 6bITb pa3,z::t;e.rre

HbI Ha TKaHeMH.lli:eHepHbie ' nocTreHOMHbie J1 reHHbie 

(pMC. 1 ). 

TKaneun:»Cenepnbte 
ocmeollJlacmu'lecKue Mamepu{lJlbt 

,I(aHHaH rpynna Ma Tep11a.rroB npe,z::t;cTaB.rreHa M3,z::t;e

JIMHMM, COCTOHill;J1MJ1 J13 ,z::t;Byx OCHOBHbIX KOMnOHeH

TOB : 611ope3op611pyeMoro HOCMTeJIH J1 )KJ1BbIX (ayTo

J1JIJ1 a.rr.rroreHHbIX) KJieTOK. OcHOBHaH 11,z::t;eH no,z::i;xo,z::i;a 

COCTOJ1T B BOCnOJIHeHJ1J1 yTpa qeHHbIX KaM6J1aJibHbIX 

pe3epBOB J1 nOBbillleHJ1J1 KOHIJ;eHTpau;MM OCTeOJ1H,z::t;y

u;11pymw;11x cpaKTOpOB B o6.rraCTJ1 J1MnJiaHTau;J1J1 Ma

Tep11a.rra. TpaHcn.rraHTMpOBaHHbie KJieTKJ1 B peu;MnM 

eHTHOM .rrome npM yc.rrOBJ1J1 BbICOKOM ,z::t;OJIJ1 BbI.lli:J1Bae

MOCTJ1 cnoco6Hbl OKa3a Tb 6.rraronpMHTHbIM TepaneB

TJ1qecKJ1M 3cpcpeKT 3a cqeT ,z::t;Byx MexaHJ13MOB ,z::t;eM

CTBMH: Henocpe,z::t;CTBeHHOro - ,z::t;I1cpcpepeHu;MpOBKJ1 B 

K0MMJ1TI1pOBaHHbie KJieTKJ1 noBpe.m,z::t;eHHbIX TKaHeM 

(noKa3aHO ,z::t;JIH ayToreHHbIX KJieTOK [24]) , a TaKme 

onocpe,z::t;oBaHHoro - na paKpMHHbIM 3cpcpeKT - pery

JIHIJ;MH MOpcpocpyHKIJ;MOHaJibHOM aKTJ1BHOCTJ1 ,z::i;pyrMX 

KJieTOK 3a cqeT npo~yKIJ;J1J1 6110.rror11qecKJ1 aKTJ1BHbIX 

Bew;ecTB - cpaKTOpOB JIOKaJibHOM pery JIHIJ;J1J1 0CTeo

fJ1CTOreHe3a ( CM. Ta6.rr. 1 ). Ba.mHO, qTo , no MHeHMIO 

MHOrMX aBTOp0B , MMeHHO napaKpMHHaH aKTJ1BH0CTb 

KJieTOK TKaHeMH.meHepHoro ocTeon.rracT11qecKoro Ma-
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Ta6n. 1. O c HOBHbte c/)aKTOpbt J10K811bH0 /11 perynRLJ, lll lll p e napaTIIIBH0, 0 0CTe0,IIICT0,eHe3a 

HasBam,1e 

BMP-2, 4 

BMP- 3 

BMP- 6 

BMP- 7 

BMP-9 

VEGF 

B JIM.HHMe Ha OCT e oreHe 3 

AKT J1Bau;11.r1 rrpOJIWpep au;m11, ,n;mpcpe p eHu;11p OBKJ1, 

CJ1HTe 3a KOMIIOHeHTOB KOCTH Or O M e:>K.KJieTOG:HOro 

Ma Tp11Kca 11 cpaKTopoB pocTa (VEG F , bFG F 11 
,n;p.) [117]. B MOJIOrMG:eCKOe ,n;eMCTBMe HJ1BeJI11p y 
eTCH BJIMHHMeM BMP-3 [11 8] 

IIo,n;aBJieH11e ,n;11cpcpepeHu;11p OBKJ1; CH J1:>K.eH11e a K 

TJ1BHOCTJ1 OCTeOrMCTOreHe3a [ 11 8] 

CH J1 :>K.eH 11e rrpOJIMcpepa TMBHOM aKTJ1 BH OCTJ1 

MMCK, aKTJ1Bau;11.r1 ,n;11cpcpep eHu;11p oBKJ1 [1 20] (B 
6oJibllieM cTerreH11, G:eM ,n;pyme BMP [ 121]) 

A KTJ1Bau;11.r1 rrpOJIJ1tj:)epau;1111, ,n;11cpcp e p eHu;11p OBKJ1 

J1 CJ1H T e3a KOMIIOHeHTOB KOCTHOro M e:>K.KJieTOG:

HOro MaTpMKCa [ 123] 

IlOBbillieHMe rrpo,n;yKIJ;J1J1 KOMilOHeHTOB KOCTH0r O 
Me:>K.KJieTOG:HOrO Ma Tp MKCa 6e3 Hera TMBHOM p e
r y JIHIJ;J111 co CTOpOHbI BMP-3 [125] 

Y BeJIJ1G:e H 11e rrpOJIMcpepa TMBHOM aKTJ1BH0CTJ1 , J1H

,n;yKIJ;J1.ff x e MOTaKCMCa no rpa,n;11e HTY KOHIJ;eHTp a 

u;1111 J1 ,n;11cpcpepeHu;11pOBKJ1 [ 127] 

¢aKTOp CTpOMaJib - M H,n;yKIJ;MH xoyMMHra KaM6MaJibHhlX KJieTOK ITO 
HbIX KJieTOK-1 rp a,n;MeHTY KOHIJ;eHTpau;1111, rro,n;aBJieHMe ,n;11cpcpe-
(SDF-l) peHu;11poBKJ1 [129] 

AHr11orro3TMH- l, 2 

3pv1TpOII03TJ1H 

CT11My JI.r1u;11.r1 ,n;11cpcpepeHu;11poBKJ1 M MCK B ocTe-
06JiacT11G:ecKoM HarrpaBJieHMM, MOHOIJ;MTOB - B oc
TeOKJiaCTbI , 6e3 yc11JieHJ1.ff MX aKTJ1BHOCTJ1 [132] ; 
y BeJI11G:eH11e rrpoJiv1cpepau;1111 XOH,ZJ;pOIJ;MTOB [1 33 ] 

OcHOBHOJil cpaKTOp poc- Y CMJieHMe rrpOJIJ1(pepau;1111 J1 rro,n;aBJieH Me ,n;11cpcpe-

Ta cpv16po6.rraCTOB p eHu;11pOBKJ1 [1 36] 

A K T J1Bau;11.r1 ,n;11cpcpepeHu;11pOBKJ1 J1 CJ1HTe3a KOM-

r e .rr a TO IJ; 11 T ap H bl M IIOH e HTOB KOCTHOrO Me:>K.KJieTOG:HOro Ma TPMK Ca 
cpaKTOp poem [1 38] 

MHcy JIMHorro,n;o6HbIM 
cpaKTop pocTa-1 

PDGF- AA 

PDG F-BB 

A HrMor eHMH 

IlOBbillieHMe M exaHOG:YBCTBJ1TeJibHOCTJ1 crreu;11aJIJ1-

311pOBaH HbIX KJieTOK , J1H,ZJ;YKIJ;J1.ff ,n;11cpcpe peHIJ;J1-

poBKJ1 vi CJ1HTe3a KOMIIOHeHTOB K OCTHOro Me:>K.

KJieTOG:HOro M a TpMKCa B OTB e T Ha qJI13 MG:e CKYIO 

Harpy3KY [ 141] 

He3HaG:MTeJibHOe y B eJIM G: e H Me rrpOJIJ1tj:)epau;1111 

11 ,n;mpcpep eHu;Mp OBKM, aKTJ1Bau;11.r1 xeMOTaKCMCa 

(B MeHblli eM CTerr eHM, G:eM rro,n; ,n;eMCTBMeM 
PDGF-BB) [14 3], rrOBbillieH11e ypoBHH rrpo,n;yK
u;1111 I GF-1 [144] 

A KTJ1Bau;11.r1 rrpoJI11cpepau;1111 J1 M11rpau;1111 KJieTOK 

[14 5] 

YBeJIMG:eHMe rrpOJIMtj:)epaTMBHOM aKTMBHOCTvl, CHJ1-
meH 11e ,ll;1i1cpcpepeHu;11pOBKli1 J1 CJ1HTe3a KOMIIOHeH

TOB KOCTHOro Me:>K.KJieTOG:HOrO MaTpMKCa [146] 

B .rrM.HHMe Ha aHrMoreHe3 

Bo3,n;eMCTB11e Ha 3IIK. CT11MyJI.r1u;11.r1 M11rpau;1,111 , 
rrpoJI11cpepau;1111 v1 cpopM11poBaH11.r1 Karr11JIJI.r1porro
,n;o6HbIX cTpy KTYP, yBeJI11G:eH11e 3Kcrrpecc1111 pe
u;errTOpoB VEG F 11 ANG-1 6e3 BJIMHHMH Ha ,n;11cp
cpep eHu;11poBKY J1 BbI:>K.MBaeMOCTb KJieTOK [119] 

AKTJ1Bau;11.r1 rrpoJI11cp ep au;1111 3IIK, opraH113au;1111 
Karr11JIJI.r1porro,n;o6HbIX cTpyKTYP [ 12 2] 

Y Cv1Jie H 11e rrpOJIJ1tj:)e pau;1111 3 H,ZJ;OTe JIMaJibHbIX KJie

TOK, IIOBbillieHMe ypoBH.ff rrpo,n;yKIJ;J1J1 peu;errTO
p OB VEG F , 11H,n;yKu;11.r1 o6pa30BaH11.r1 Karr11JIJI.r1po
rro,n;o6HbIX cTpyKTYP [124] 

A K T J1 Bau; 11 .r1 rrp OJI J1tj:) e pau;11 11 3H,ZJ;OT e JIMaJibHhlX 

KJieTOK , B TOM G:MCJie q e p e3 yBe JIMG:eHMe rrpo

,n;yKIJ;MM p e u;e rrTOpOB aHr11ore HHhlX cpaKTOpOB 

(VEGF 11 ANG- 1) [126] 

CT11My JI.r1u;v1.r1 rrpoJI11cpepau;1111 , ,n;11cpcpepeHu;11poB
K11, M11rpau;1111, cpopM11poBaH11.r1 Karr11JIJI.r1porro,n;o6-
HbIX cTpyKTYP, 11Hr11611poBaH11e arrorrTo3a 3H,ZJ;O
TeJI11aJibHbIX KJieTOK [128] 

A KT11Bau;11.r1 M11rpau;1111, rrpoJI11cpepau;1111 , a,n;re31111 
11 ,n;11cpcpep eHu;11poBKJ1 3IIK [130] 

A K T J1Bau;11.r1 ,n;11cpcpe peHIJ;MpOBKJ1, cpopM11poBaHJ1.ff 

M e:>K.KJi e TOG:HbIX KOHTaKTOB 3H,ZJ;OTeJIMaJibHbIMJ1 

KJieTKaMM B COCTaBe CTeHKM cocy,n;oB (cTa611JIJ1-
3au;11.r1 cocy ,n;oB) [ 131] 

CT11My JI.r1u;11.r1 rrpoJI11cpepau;v111 3H,ZJ;OTeJIMOIJ;li1TOB 
[134] 11 rrpo,n;yKu;1111 NO [135] 

Y c11JieH11e rrpoJI11cpepau;1111 11 rro,n;aBJieH11e ,n;11cpcpe
peHu;11poBKJ1 3IIK [137] 

AKT11Bau;11.r1rrpoJI11cpepau;111111 M11rpau;1111 [139], rro
,n;aBJieH11e arrorrT03a, yMeHbllieH11e rrpoH11u;aeMo
CTJ1 3 H,ZJ;OTeJIM.ff [140] 

AKT11Bau;11.r1 M11rpau;1111, rrpoJI11cpepau;1111 11 ,n;11cpcpe
p e Hu;11poBKJ1 3H,ZJ;OTeJIMaJibHbIX KJieTOK, MH,ZJ;yK

IJ;MH o6pa30BaHM.ff KaIIMJIJI.Hporro,n;o6HbIX CTpyK
TYP [142] 

MH,n;yKIJ;MH M11rpau;1111 rrepMIJ;MTOB , MX a,n;re3J1J1 J1 

BCTpa11BaHJ1.ff B CTeHKM cpopM11py10rn;11xc.r1 cocy

,ZJ;OB, aKT11Bau;11.r1 M11rpau;1111 3IIK [ 145] 

AKTJ1Bau;11H- M11rpau;1111, rrpoJI11cpepau;1111 11 06pa30-
BaH11.r1 Karr11JIJI.r1porro,n;o6HbIX cTpyKTYP [ 14 7] 

BbICB06om,n;eH11e 3H,ZJ;OTeJIMaJibHbIX KJieTOK 113 CTe
HOK cocy,n;oB, MX aKTJ1Bau;11.r1 , CTMMYJIHIJ;MH MJ1r

pau;1111 11 rrpoJI11cpepau;1111 [148] 

Tep MaJia HBJIHeTCH OCHOBHbIM MX MexaHI13MOM ,n;ei1-

CT BMH [2 5]. Cpe,n;M Har160Jiee 3HaqJ1MbIX ,D;JIH o6ecrre

qeHMH perrapaTMBHOro OCTeorMCTOreHe3a cpaKTOpOB , 

rrpo,n;yu;r1pyeMbIX TpaHCITJiaHTI1pOBaHHbIMI1 KJieTKaMM, 

CJie,n;yeT BbI,D;eJIMTb KOCTHbie MOpcporeHeTr1qeCKI1e 6eJI

KI1 (BMP), cocy,n;r1cTbIM 3H,D;OTeJIMaJibHbIM cpaKTOp po

cTa (VEG F) r1 cpaKTop cTpoMaJibHbIX KJieTOK (SDF-1 ). 
I1HTepeCHO, qTo 3a cyTKM 10 MJIH Me3eHXMMaJibHbIX 
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MYJibTMITOTeHTHbIX CTBOJIOBbIX KJieToK (MMCK) KOCT

Horo MO3ra B ycJIOBJ1RX in vitro rrpo,z:i;yu;r1pyIOT OKOJIO 

750 rrr/MJI VEGF, 1030 rrr/MJJ TGF~l [26], 220 rrr/MJI 
SDF-1 [27]; 10 MJIH OCTeoreHHbIX KJieTOK Ha,r:i;KOCTHM
LI;bl ceKpeTr1pyIOT B ,n;eHb ,r:i;o 40 Hr /MJI BMP-2 M 

200 rrr/MJI VEGF [28]. 
Kocm1--lble MopifJ02e1--lemu"-leC'1we 6e.11,Ku ( BMP) -

3TO rrpe,r:i;cTaBMTem1 ceMeMCTBa TpaHccpopMMpy10w;r1x 
cpaKTOpOB pocTa, OTKpbITbIX BO BTOpOM ITOJIOBMHe xx 
BeKa, 6J10JIOfJ1qecKoe ,n;eMCTBMe KOTOpbIX He orpaHM
lfMBaeTCR rrpe,r:i;eJiaMM KOCTHOM TKaHM. TaKoe Ha3Ba

HMe 6bIJIO ,r:i;aHO MM B CBR3M C TeM, qTO BrrepBbie 3TM 
6eJIKJ1 6bIJIJ1 o6Ha py.meHbl B ,n;eMMHepaJIM30BaHHbIX J1 
JIMO(pJ1JIJ13MpOBaHHbIX KOCTHbIX MaTpMKCax, J1MITJiaH

TMpOBaHHbIX B MblllIIJ;bl KpOJIJ1KOB M ITOKa3aBllIMX oc

TeOMH,LJ;YKTMBHbie CBOMCTBa [29]. 113 Bcex rrpe,n;cTaBM
TeJieM ceMeMCTBa BMP HaM6oJiee Bbrpa.meHHbIM BJIM
R HMeM Ha KJieTKM OCTeo6JiaCTJ1qecKoro ,r:i;McpcpepoHa 
06.Jia,n;aIOT BMP-2, 4, 6, 7 M 9, MeHbllIMM - BMP-3, 5, 
8, 10-15 [30]. 

CBR3bIBaHMe BMP co crreu;McpMqecKMMM MeM6paH
HbIMM TMp03MHKMHa3HblMJ1 peu;errTopaMM ( 1-ro J1 2-ro 

TMrra) rrpMB0,LJ;MT K cpoccpopMJIMpOBaHMIO BHYTPMKJie
T0qHbIX 6eJIKOB Smad-1 , 5, 8, Ka:>K,LJ;bIM M3 K0T0pbrx 
IT0CJie aKTMBaIJ;MM 06pa3yeT <<TpaHcrropTHbIM» KOMIT
JieKC co Smad-4, TpaHCJI0IJ;MpyIOr.u;MM MX B R,n;po KJieT
KM. B R,n;pe peu;errTopHbre 6eJIKM Smad yBeJIJ1qJ1BaIOT 
3 KCrrpeCCMIO reHOB , KO,[I;MpyIOr.u;Mx OCHOBHbie TpaHC

KpMITIJ;MOHHbie cpaKTOpbI, OTBeTCTBeHHbie 3a rrpM06-
p eTeHJ1e KJieTKOM «OCTe06JiaCTJ1qecKoro cpeHOTMITa » 
(p MC. 2) [30, 31]. K TaKMM TpaHCKpMITIJ;MOHHbIM cpaK
TopaM OTHOCRTCR Runx2 (runt-related transcription 
factor 2), J1JIJ1 KOp-CBR3bIBaIOr.u;MM cpaKTOp [31, 32], 
Msx2 [33] M Dlx 5 M 6 [34]. B3aMMO,n;eMCTBYR ,z:i;pyr c 
,r:i;pyroM J1 ,z:i;pyrMMM TpaHCKpMITIJ;M0HHbIMM cpaKTOpa
MM, TaKMMM KaK Osx (osterix) [35 , 36], OHM BJIMRIOT Ha 
T a preTHbie reHbl. B pe3y JibTa Te yBeJIJ1qJ1BaIOT rrpo

JIMcpepa TMBHYIO aKTMBH0CTb KJieT0K-rrpe,z:i;ruecTBeHHMIJ; 

(rJiaBHbIM o6pa30M, Msx2 [33]) , ,D;McpcpepeHu;MpOBKY B 
OCTeo6JiaCTJ1qecKOM HarrpaBJieHMM, a TaKme rrpo,r:i;yK
UMIO KOMITOHeHT0B KOCTH0fO Me:>KKJieToqHoro Ma TPMK
ca ( 0CTeoKaJibIJ;MH, KOCTHbIM CMaJiorrpoTeMH, w;eJioq

HaR cpoccpaTa3a, KOJIJiareHbI III M I TMrra) [35 , 37]. 
J/IHTepecHo, qTo MHrM6Mpyror.u;MM 3cpcpeKT Ha Smad
orrocpe,r:i;oBaHHoe ,r:i;eticTBMe BMP oKa3bIBaIOT ,z:i;pyrMe 
,r:i;Be cpopMbI Smad: 6 M 7 [38]. BHyTpMKJieTOqHbIM cMr
HaJihHbIM rryTb Smad He RBJIReTCR e,r:i;MHCTBeHHbIM ,n;JIR 

B MP [39), a ceMeMCTBOM TpaHccpopMMpyrow;Mx cpaK
TopoB pocTa (BMP MTG F-~) He J1cqeprrbrnaeTCR crrM

coK aKTMBaTopoB Smad M yKa3aHHbIX Bbrrue TpaHc

KpMrru;MoHHbIX cpaKTOpOB. 
Ba.mHo, qTo MyTaIJ;MM B reHax , KO,r:i;Mpy10w;v1x BMP-2 

MJIM KJIIOqeBbie BHYTPMKJieToqHbre 6eJIKM (Runx2 , 

M sx2, Dxl5, 6; Osx M ,z:i;p.) , 06ecrreqr1BaIOr.u;Me TpaHc

,r:i;yKIJ;MIO ero CMrHaJIOB, corrpOBO:>K,LJ;aIOr.u;MeCR Bbma,z:i;e
HMeM MX cpyHKIJ;MM (loss-of-function), rrpMBO,LJ;RT K pa3-

BMTMIO TR:>KeJibIX paccTpOMCTB , B fOMO3J1fOTHOM co

CTORHJ1J1 He COBMeCTMMbIX C )KJ13HbIO. TaK, pe3y JibTa

T0M reHeTMqecKM o6ycJIOBJieHHOM He,n;ocTaToqHOCTM 

BMP-2 RBJIRIOTCR rrOBbirueHHaR xpyrrKOCTb KOCTeti, 
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Hapyrue HMR 3HXOH,n;paJibHOfO OCTeore He3a M MMHepa

JIM3aIJ;J1M KOCTHOfO MaTpMKCa [ 40]. IlpM 3TOM TOJibKO 
cpyHKIJ;MR BMP-2 He MO:>KeT 6bITb KOMITeHCMpOBaHa 
pa60TOJ1 ,n;pyrMX 6eJIKOB: ceJieKTMBHOe «BbIKJIIOqeHMe» 
,r:i;pyrnx cpaKTopoB ceMeMCTBa BMP ( 4 , 7) He oKa3bIBa
e T cyw;ecTB e HHOfO BJIMRHMR Ha fMCTO(pJ13J10JIOfMIO 

KOCTeM CKeJieTa, XOTR corrpoBom,z:i;aeTCR rraTOJIOfJ1qec
KOJ1 CMMITTOMa TMKOM co CTOpOHbl ,z:i;pyrMX opraHOB J1 
CMCTeM(MoqeBhl,LJ;eJIMTeJibHaR, cep,z:i;eqHo-cocy,n;MCTaR 
M ,n;p. ) [41 , 42]. «Bbma,n;eHMe» a-cy6oe,LJ;MHMIJ;bl KOp
CBR3bIBaIOw;ero cpaKTOpa B CBR3J1 C M y Tau;MeM rrpM 

ycJI0BMM coxpaHeHMR M,LJ;eHTJ1qHOJ1 eM ~-cy 6oe,LJ;MHJ1-
u;bI (Runx2+/-) rrpMBO,[I;MT K cpopMMpOBaHMIO KJieti,z:i;o

KpaHMaJibHOM ,Ll;MCITJia3MJ1 (,LJ;M30CT03a) [ 43], a reHOTMIT 
Runx2-1- HeCOBMeCTMM c )KJ13Hbl0 [ 44]. MyTaIJ;MM B reHe 

M sx2 RBJIRIOTCR reHeTMqecKOM OCHOBOM ayTOCOMHO
,[I;0MMHaHTHblX KpaHM0CMHOCT030B [ 45]. 

Cocyaucmblu :m8ome.11,uQ,.11,b1--lblU gjaKmop pocma 
(VEGF) - ceMeMCTBO 6MoJiornqecKM aKTMBHbIX 6eJI
KOB , BrrepBbie BbI,LJ;eJieHHbIX J. Folkman M coaBT. B 
1971 r . [ 46], KOTOpbie cqJ1TaIOTCR O,LJ;HMMM J13 OCHOB
HbIX ayTo- J1 rrapaKpMHHbIX cpaKTOpOB peryJIRIJ;MM Bac
KYJIO- , aHrno- (VEG F-A, B ; PIG F ) M JIMMcporeHe3a 
(VEGF-C, D ); Bbrpa6aTbIBaIOTCR KJieTKaMM Bcex TKa
HeM opraHM3Ma , BKJIIOqaR 3ITMTeJIMaJibHbie. 

B ITOCTHaT aJibHOM rrepMo,n;e pa3BMTMR qeJIOBeKa 

HaJ160Jib11Iee BJIMRHM e Ha cpopMMpOBaHMe KpOBeHOC
HbIX cocy,r:i;oB oKa3hrnaeT VEGF-A (M3ocpopMbI 121 , 
145 , 148, 165 , 183, 189, 206 ) [47]. O6Hapy.meHbl TPM 
TMrra peu;errTopoB VEGF : 1-tr M 2-tr TMIT BOBJieqeHbI B 
aHrMoreHe3 , 3-M - B o6pa30BaHMe JIMMcpaTMqecKMX 
cocy,r:i;oB. IlpM 3TOM peu;errTop 1-ro TMrra 06.Jia,n;aeT 
60.JibrueM acpMHHOCTbIO K VEG F , o,n;HaKo ero TMpa3MH
KMHa3HaR aKTMBHOCTb ropa3,LJ;O HM.me , qeM y peu;err

Topa 2-ro TMrra , qTo pacu;eHMBaeTCR KaK O,Ll;MH M3 pe
ryJIRTOpHbIX MexaHM3MOB, rrpe,n;OTBpaw;a10w;:v1x M36bI
TOqHyIO aKTMBHOCTb VEG F. CooTBeTCTBeHHO MMeHHO 

qepe3 peu;errTOp 2-ro TMITa B HOpMe peaJIM3YIOTCR 

! c'!>occj,op11,mposam1e 

CBH3 bIBa m 1e co SMAD-4 ,n;JIH 

T p aHCJIOKaIJ;I1J1 B H,n:po KJieTKv! 

AKTMBa IJ:MH 

Runx2 , 
Msx 2, 

Dix-5, 6 

t rr p om1cpepa1.J:I1H 

t OCTe06JiaCTW-!eC 

KaH ,n:McpcpepeH 

IJ:v!pOBKa 

t rrpo,n:yKIJ:v!H 

KOMITOHeHTOB 

KOCTHOfO 

Me:>KKJieTO'-!HOfO 

MaTpv!KCa 

Puc. 2. CxeMa BHYTPMKJieTOY:Hor o SMAD-orrocpe,n:oBaHHoro 

rryTM Tpattc,n:y K~MM ci1rnaJIOB BMP. 
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8 cpcpeKTbI VEGF [ 48 , 49]. IIocJie B3aJ1M o,z:i;e1,1cTBJ1R 

V EG F co c rre QJ1Q)J1qe cKJ1M peQerrTopoM 2-ro TMrra rrpo 

J1cxo,n;J1T ayTocpo ccpopMJIMpoBaHMe ero BHYTPMKJieToq

HbIX TI1p 0 3J1HOBbIX caMTOB (Y95 1 , 1054, 1059, 11 75, 

1214) KJ1Ha3HbIX J1 Kap60KCJ1TepMJ1HaJibHOr o ,ll;OMeHOB 

[50], KOTOpbie aKTJ1BMPYIOT pR,n; BHYTP MKJieToqHbIX 

6eJIK OB, TaKMX KaK cpo ccpoJIMIIa3bI C y , C~3 , a,z:i;arrTep

Hbie 6eJIKM SRK , NCK, S H B , S CK J1 ,z:i;p ., RBJIR IOIIJ;Me 

cR rrepBbIMJ1 3BeHbRM J1 CJIO:>-KH bIX KacKa,n;oB T p a Hc,n;yK 

QJ1J1 CMrHaJIOB , J13MeH RIOIIJ;J1X MOpcpocpyHKQ J10H aJibHOe 

COCTORHJ1e KJie TOK- MJ1lIIeHeJ1 (rJiaBHbIM o6pa30M, 8H

,1J;OTeJIJ1aJibHbI X ). B qac THOCTM, cpoccpoJIJ1rra3a C y rM,z:i; 

poJIM3MpyeT MeM6paHHbIM cpoccpoJIJ1IIJ1,n; PIP 
2 

c o6pa-

30BaHMeM ,1J;J1a QJ1Jif JIMQepoJia J1 J1H03J1TOJI-1 , 4 , 5-TpM

cpoccpa Ta, y BeJIJ1q J1Bamw;e r o BHYTPMKJieToqHoe co,z:i;ep 

maHMe KaJibQJ1R , KOTOpbie BMecTe aKTJ1BMPYIOT rrpo

TeJ1HKJ1Ha3y C , KOTOpaR B CBOIO oqepe,z:i;b 3arrycKaeT 

IIOCJie,n;oBaTeJibHY IO a KTJ1BaQJ1IO CMr Ha JibHOf O IIYTM 

RAS-ER K, rrpMBO,n;Rw;ero K J1H,n;yKQJ1J1 MMT03a. B pe-

3 y JibTa Te IIOBbilIIaeTCR rrpOJIMQ)epa TJ1BHaR aKTJ1B

HOCTb 3H,ll;OTeJIJ1aJibHbIX KJieTOK [ 49]. <PoccpoJIMIIa3a 

C~3 yqaCTByeT B IIOJIJ1Mep M3aQJ1J1 aKTJ1Ha J1 cpopMI1-

p o BaHJ1J1 cTpecc -cpI16pMJIJI , 06ecrreqJ1BaIOw;J1x MMrpa

QMIO J1 ,ll;BMraTeJibHYIO aKTJ1BHOCTb KJieTOK B QeJIOM 

[51]. "9:epe3 aKTJ1BaQJ1IO CMrHaJibHOfO IIYTM «cpoccpoI1 -

H03J1TJ1,ll; - 3 - KJ1Ha3a - rrp o TeJ1HKJ1Ha3a B » (PI3K/ AKT) 

VEG F 6JIOKMpyeT arrorrT03 , J1HrJ16MpyR Kacrra3bI 3, 7 

J1 9 , TeM c a MbIM IIOBbilIIaR BbI:>-KJ1BaeMOCTb KJieTOK. 

KpoMe Toro, o cb PI3K / AKT c rroMOIIJ;b IO MOHOB KaJib 

QMR MO,lJ;YJIMp y eT p a 6oTy 8H,1J;OTeJIJ1aJib HOJ1 N O-CJ1H

Ta3bI, qTO corrpOBO:>-K,n;aeTCR y BeJIJ1qeHJ1eM rrpo,z:i;yKQJ1J1 

NO J1 rrOBbilIIeHMeM rrpoHJ1QaeMOCTJ1 cocy,z:i;oB , qTo RB 

JIRIOIIJ;MMMCR H eo6X0,1J;J1MbIM 3BeHOM B aHrMoreHe3e 

(pMc. 3) [5 2 , 53]. T aKMM o6pa30M, V EGF q epe3 c rreQJ1 -

cpJ1qecKJ1J1 peQeIITOp 2-ro TJ1IIa J1H,1J;YQMpyeT aKTJ1Ba 

QJ1IO, MMrpaQMMIO, rrpoJIMcpepaQMIO J1 ,n;McpcpepeHQM

poBKY 8H,1J;OTeJIJ1OQ J1TOB J1 J1X KJieTOK-rrp e,z:i;lIIeCTBeH

HJ1Q, IIOBbilIIeHMe BbI:>-KJ1BaeMOCTJ1 KJieTOK, qTo B coqe 

T aHJ1J1 C M0,1J;Y JIRQJ1eJ1 MemKJieToqHbI X B 3 a J1 M 0,1J;eJ1 -

CTBJ1J1 J1 IIOBbilIIeHJ1eM rrpOHJ1QaeMOCTJ1 c o c y ,z:i;oB CJiy

:>-KJ1T Heo6X0 ,1J;J1MbIMJ1 ycJIOBJ1RMJ1 cpopMI1p OBaHJ1R Ka

IIJ1JIJIRporro ,z:i;o 6HbIX CTPYKTYP c rrocJie,z:i;ym w;MM peMo 

,z:i;eJIMpoBaHMeM B «3peJibie » c o cy,n;bI [ 4 9-54]. B CBR3J1 

+ 
. . ' . . . 

. 
t rrpom11..1;ae-

t MHT03 ~ ,;,. ! 3IIOIIT03 MOCTb cocyl(OB 

Puc. 3. CxeMa BHYTPMKJieT0'9:Horo KacKa,n;Horo nyTM Tpattc

,n;yK~MM cv1rHaJIOB VEG F. 
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C TeM qTo B cJiyqae KaK rrepBJ1qHoro , TaK J1 BTOpJ1qHo

ro o cTeor McToreHe3a MMeHHO c o cy,n;bI , rrpopacTaIOw;Me 

B pbIXJIYIO BOJIOKHMCTYIO c oe,n;MHMTeJibHYIO J1JIJ1 xpR

w;eByIO TKaHb , C03,l];aIOT Heo6X0,1J;J1Mbie ycJIOBJ1R ,ll;JIR 

,ll;I1cpcpepeHQI1p OBKJ1 p e3M,1J;eHTHbIX K JieTOK B OCTeO-

6JiaCTJ1qecKOM Ha rrpa BJieHMM, a TaKme ,ll;JIR MJ1rpaQJ1J1 

KaM6J1aJibHbIX p e3epBOB (rre pMBaCKYJIRpHO J1 C Kpo

BOTOKOM) , VEGF-A MomeT paccMaTpMBaTbCR KaK He

rrp RMOM OCTeOJ1H,1J;Y QMpy mw;J1J1 cpaKTOp . 

IloMMMO orrocpe,z:i;oBaHHoro q e p e3 aHrMoreHe3 BJIM

HHMH VEG F oKa 3brnae T J1 rrpHMOe CTMMY JIMpymw;ee 

,z:i;eMCTBJ1e Ha KJieTKJ1 OCTe 0 6 Jia CTJ1q e c Koro ,1J;I1Q)cpepo

Ha , KOTOpbie He TOJibKO rrpo,z:i;yQMp y IOT VEGF [55], Ho 

J1 8KCrrpecc Mp y IOT ero p eQeIITOpbI 1-ro J1 2 -ro TJ1IIOB 

KaK B 8M6pMor e He3e [5 6 ], TaK J1 B IIOCTHaTaJibHOM rre

pMo,z:i;e pa3BJ1TJ1H [ 5 7]. IloKa3aHO, qTo rro,z:i; B03 ,1J;eMCTBJ1-

eM VEG F rrpoJIMcpepaQMR KaM6MaJibHbIX KJieToK KOCT

HOM TKaHM 3Ha q J1TeJibHO (,z:i;o 7 0% ) y BeJIJ1qJ1BaeTCR, a 

TaKme aKTJ1BMp yeTCR M J1rpaQJ1R OCTeoreHHbIX KJie

T0K no rpa,z:i;MeHTY KOHQeHTpaQMM VEG F [ 5 8]. 
B IIOCJie,1J;HJ1e f O,ll;bI IIOMJ1MO KaHOHJ1qecKoro, pe

QeIITOpHor o, MexaHM3Ma ,n;eM CT B MR VEG F Ha MaJio

,n;McpcpepeHQMp o BaHHbie KJieTKJ1 OCTe o6JiaCTJ1qecKO

r o ,n;McpcpepoHa, paccMaTpMBae TcR rrpMHQJ1IIJ1aJibHO 

J1HOJ1 MexaHJ13M , K OTOpbIM o603HaqaIOT KaK «J1HT

paKpI1HHbIJ1 » . IIo ,n;TBepm ,z:i;eHMeM 8TOMY CTaJIM pe-

3y Jib Ta Tbl J1CCJie,1J;OBaHJ1J1, rrpo,z:i;eMOHCTpI1pOBaBlIIJ1X , 

qTo rrporeHJ1TOpHbie KJieTKJ1, KOMMJ1TI1pOBaHHbie B 

OCTeo6JiaCTJ1qecKOM HarrpaBJieHJ1J1 ( 8KCIIpeccMpyIO

w;J1e Osx) , CMHTe3MP YIOT VEG F He TO-JibKO «Ha 8Kc

rropT» , HO M ,n;JIR o6ecrreqeHMR co6cTBeHHOM ,n;Mcpcpe

peH~MpoBKM B OCTeo6JiaCTJ1qecKOM HarrpaBJieHJ1J1 

[59]. TaK, Y. Liu J1 coaBT. [60] MCCJie,n;oBaJIM KYJibTY

pbI MMCK KOCTHoro M03ra , rroJiyqeHHbie OT 3,z:i;opo

BbIX Mbi lIIeM ( K OHTpOJib) J1 OT )KJ1BOTHbIX C « lost-of

f unction» MyTaQJ1eJ1 reHa , KO,n;Mpymw;ero VEGF. 

OKa3aJIOCb , qTo KJieTKJ1 8KCrrepMMeHTaJibHOJ1 rpyrr

IIbl B 3HaqJ1TeJibHO MeHblIIeM CTerreHM , qeM KOHT

pOJib HOJ1 IIO,1J;BepraJIJ1Cb ,1J;I1Q)cpepeHQI1pOBKe B OCTeo-

6Jia CTJ1qecKOM HarrpaBJieHJ1J1, rrpM 8TOM J1X a,n;J1IIO

reHHbIJ1 IIOTeHQMaJI IIOBbilIIaJICR. ,Uo6aBJieHJ1e peKOM-

6J1HaHTHOfO VEGF B cpe,z:i;y KYJibTMBMpoBaHMR «My

TaHTHhlx » KJieTOK He rrpMBO,1J;J1JIO K HOpMaJIJ13aQJ1J1 

,1J;I1Q)cpe p e HQI1pOBOqHoro IIOTeHQMaJia , TaK me KaK J1 

,z:i;o6aBJieHJ1e aHTMTeJI , 6JIOKMpyIOIIJ;J1X peQeIITOpbI 

VEG F , B KOHTpoJie He corrpoBom,z:i;aJiocb Hera TJ1BHbI

MJ1 8cpcpeKTaMJ1. O,z:i;HaKO IIOCJie TpaHccpeKQJ1J1 KJie

TOK 8KcrrepMMeHTaJibHOJ1 rpyrrrrbI peTpOBMPYCHblM 

BeKTOpOM C re HOM vegf' rrpJ1Be,z:i;lIIeJ1 K IIOBbilIIeHJ1IO 

BHYTPMKJieToqHoM KOHQeHTpaQMM 6eJIKa VEG F , Ha-

6Jim,n;aJiocb yBeJIJ1qeHJ1e OCTeoreHHbIX c O,ll;HOBpeMeH

HbIM CHJ1JKeHJ1eM a,z:i;MrroreHHbIX IIOTeHQJ1J1. 

TaKMM o6pa30M, VEG F o6Jia,z:i;aeT lIIMpOKMM crreK

TpoM ,z:i;e:tiCTBJ1R Ha KJieTKJ1 8H,1J;OTeJIJ1aJibHOfO J1 Me-

3eHXJ1MaJibHbIX KJieToqHbIX ,1J;I1Q)cpepoHOB , BOBJieqeH

Hbie B perrapaTJ1BHbIJ1 OCTeOrJ1CTOreHe3, OKa3bIBaR KaK 

orrocpe,z:i;oBaHHoe qepe3 aHrMoreHe3 cTMMY JIMpymw;ee 

BJIJ1RHJ1e ' TaK J1 Herrocpe,z:i;cTBeHHOe J1H,1J;YQMpym~ee 

,z:i;e:tiCTBMe Ha KJieTKJ1 OCTeo6JiaCTJ1qecKOJ1 JIJ1HJ1J1 t.Je

pe3 peQeIITOpHbie J1 J1HTpaKpI1HHbie MexaHJ13MbI. 



BeCTHVIK TpaaMaTOflO,VIVI VI opTone,ll,VIVI VIM. H. H. npVlopoaa. 2015, Ng 1 

<Pa1<;mop cmpO.MaJl,b1iblX 'K.11,emoK SDF (CXCL12) 
- 6eJIOK, OTHOCRII.I;I1HCR K rpyrme xeMOKMHOB, rrpe,n;
CTaBJieHHbIH ,n;ByMR cpopMaMM, o6pa3yIOI.IJ)1MMCR B 
pe3yJibTaTe aJibTepttaTMBHoro crrJia:ticMHra: SDF-lcx 
(89 aMMHOKMCJIOT) M SDF-1~ (93 aMMHOKMCJIOTbI) [61]. 
IIoKa3aHa ero rrpo,n;yKIJ;MR KJieTKaMM KOCTHOro MO3ra, 

cpM6po6JiaCTJ1qecKoro M ocTeo6JiaCTJ1qecKoro ,n;Mcpcpe
p oHOB, rrepMBacKy Jiou;MTaMM. 

OcHOBHbIM peu;errTopoM SDF RBJIReTCR CXCR4. 
II pM o6pa3oBaHMM KOMrrJieKca c JIMraH,n;oM rrpoMc
x o,n;MT aKTMBaIJ;MR BHYTPMKJieToqHoro G-6eJIKa, co
CTORrn;ero M3 Tpex cy6oe,n;MHMIJ; ( ex, ~' y), c ero pa3-
,n;eJieHMeM Ha reTepo,n;MMep G~/y M MOHOMep Ga (4 
J.1 30<:pOpMbI), Kam,n;bIM J.13 KOTOpbIX MHMIJ;MMpyeT KaK 

p a3JIW:-IHbre, TaK M o6rn;Me BHYTPMKJieT011Hbre rryTM 
TpaHc,n;yKIJ;MJ.1 CMrHaJIOB. TaK, G~/y aKTMBMpyeT cpoc
cpOJIMITa3y Cy, KOTOpaR, KaK 6bIJIO OITMCaHO BbIIIle, 
y BeJIM11MBaeT BbIXO,LI; MOHOB KaJibIJ;MR J.13 BHYTPMKJie

T O11HbIX ,n;erro J.1 11epe3 pR,n; ITOCJie,n;oBa TeJibHbIX 3Be

HbeB aKTMBMpyeT MAPK (mitogen-activated 
p rotein kinase), KOTOpbre B CBOIO 011epe,n;b 3arrycKa
IOT xeMOTaKCMC (pMC. 4) [62]. KpoMe Toro, rro6ym,n;e
HJ.1e KJieTKJ.1 K MMrpaqMM 06ecrre11J.1BaeTCR TaKme 
qepe3 aKTMBaqMIO PI3K, a K rrpoJIMq:>epaqMM - 11e

p e3 p38 [63]. TpattcKpMrru;MoHHbIM cpaKTop NF
k appa B , ypoBeHb KOTOporo yBeJIM11MBaeTCH rro,n; 

,n;e:wcTBMeM SDF-1 , MMeeT rnMpOKMM crreKTP ,n;e:w
CTBMR 3a c11eT ITOBbIIIleHMH 3KCrrpecCMJ.1 JII06oro J.13 
6oJiee 11eM 200 TapreTHbIX reHOB, KO,n;MpyIOrn;Mx 6eJI

K M, BOBJie11eHHbie B pery JIRIJ;MI-0 rrpOJIMcpepaqMM , 

,n;McpcpepeHqMpOBKJ.1 M MMrpaqMM KJieTOK [ 64]. B am
HO OTMeTMTb, '-ITO, corJiaCHO COBpeMeHHbIM ,n;aHHbIM, 
NF-kappa B B u;eJIOM MHrM6MpyeT ocTeoreHe3 11e

p e3 rro,n;aBJieHMe ,n;McpcpepeHqMpOBKM KaM6MaJibHbIX 
KJieTOK ocTeo6JiacTM11ecKo:ti JIMHMM. B 3TOH CBR3M 

SDF-1 , rrpo,n;yu;MpyeMbIM ocTeo6JiacTaMM 30HbI rro
B pem,n;eHMR [65] , crroco6eH OKa3bIBaTb ,Ll;BORKOe BJIJ.1-
RHMe: C O,Ll;HOM CTOpOHbI, MH,n;yu;MpOBaTb xoyMMHr Ma
JIO,Zl;McpcpepeHu;MpOBaHHbIX KJieTOK , B TOM 11MCJie 

M MCK, K u;eJieBo:ti 30He [66], a c ,n;pyro:w - MHrM6M

p oBa Tb MX ,n;McpcpepeHqMpOBKY B OCTe06JiaCTM11eC
KOM HarrpaBJieHMJ.1. O,n;HaKO eCTb OCHOBaHMR ITOJia
ra Tb, '-ITO B opraHM3Me orrpe,n;eJieHHbie 3cpcpeKTbI, He
m eJia TeJibHbie B KOHKpeTHbIH rrpoMemyTOK BpeMe

HM, MoryT 6bITb HMBeJIMpOBaHbI ,n;pyrMMM cpaKTOpa
M M. B 11aCTHOCTJ.1, ITOKa3aHO, '-ITO aKTMBMpOBaHHbie 

6eJIKM Smad ( 1, 5) crroco6Hbr MHrM6MpoBa Tb rrpo
,n;yKIJ;MI-O ocTeo6JiacTaMM SDF-1 [67]. B cpa3bI Bocrra
JieHMH, Kor,n;a aKTMBHOCTb 6eJIKOB BMP CHMmeHa, 

ocTeo6JiaCTbr aKTMBHO ceKpeTMPYIDT SDF -1 , 11To6br 

rrpMBJie11b ITO rpa,n;MeHTY KOHIJ;eHTpau;MM xeMOKMHa 

B o6JiaCTb KOCTHOrO ,n;ecpeKTa ,n;orrOJIHMTeJibHbie KaM-
6MaJibHbie pe3epBbI , a TaKme 3H,Ll;OTeJIMaJibHbie 

KJieTKM-rrpe,n;rnecTBeHHMIJ;bI. C rrepexo,n;OM me BOC

CTaHOBMTeJibHOfO rrpou;ecca B CTa,D;MI-0 pereHepaqMM, 
c pocToM ypoBHeM BMP-2 M 7 M rro,n; MX ,n;e:wcTBMeM 

ocTeo6JiacTbI rrpeKparn;aI-OT rrpo,n;yKIJ;MI-O SDF -1 , crro

co6Horo MHrM6MpOBaTb ,n;McpcpepeHu;MpOBKY MMrpM
poBaBWMX KJieTOK-rrpe,n;rnecTBeHHMIJ; B OCTe06JiaC
TbI. Ha I1O3,Ll;HMX 3Tarrax CTa,n;MM pereHepaqMM M B 
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xo,n;e peMo,n;eJIMpOBaHMR HOB006pa30BaHHOfO KOCT
HOfO pereHepaTa, Kor,n;a ry611aToe Bern;ecTBO ,n;oJim
HO 6bITb 3aCeJieHO KJieTKaMM KpacHoro KOCTHOfO M03-
ra, ypoBeHb BMP cHMmaeTcH, a SDF-1 yBeJIM11MBa
eTcR BHOBb, qTo 06ecrre11:r1BaeT xoyMMHf reMOI103TM
qecKMX CTBOJIOBbIX KJieTOK (I'CK). 3TOT me Mexa
HM3M IT03BOJIReT KJieTKaM OCTeo6JiaCTM11eCKOfO ,n;m:p
cpepoHa y,n;epmMBaTb I'CK B rrpe,n;eJiax ccpopMMpo
BaHHbrx ,Zl;JIR HMX HMIIl B KOCTHOM MO3re , B COCTaB 

KOTOphlX BXO,Ll;RT He TOJibKO OCTe06JiaCThl, HOM 

MMCK [68]. 
KJieTKM , MCI1OJib3yeMbie ,LI;JIR CO3,n;aHMR TKaHeMH

meHepHbIX KOCTHbIX rpacpTOB, MoryT rro,n;Bepra TbCR 

TeXHOJIOfMRM KY JlbTMBMpOBaHMR MJIM MCITOJib3OBa Tb

CR Herrocpe,n;CTBeHHO ITOCJie BbI,D;eJieHMR M3 TKaHeBoro 

MCTOqHMKa. K 0CHOBHbIM rrpMMeHRI-OI.IJ;MMCR ,Zl;JIR co-

3,LI;aHMR TKaHeMH:>KeHepHbIX Ma TepMaJIOB BM,n;aM KY Jib

TMBMp0BaHHbIX KJieTOK OTHOCRTCR MMCK [69 , 70], 
0CTeoreHHbie KJieTKM M OCTeo6JiaCTbI [71], a TaKme MX 
KOM6MHaIJ;MM. HeKOTOpbre MCCJie,n;oBa Te JIM ,Zl;JIR ,n;aHHbIX 
u;eJie:ti rrpMMeHRIOT 3H,LI;OTeJIMOIJ;MThl KaK caMOCTOR

TeJibHbIH [ 7 2] MJIM ,n;orrOJIHMTeJibHbIM KJieToqHbIH K0M

ITOHeHT [73] M ,n;ame CTBOJIOBbie KJieTKJ.1 c MH,n;yu;MpO
BaHHOH ITJIIOPMIT0TeHTH0CTblO [7 4]. K qJ1CJIY HeKyJib
TMBMpOBaHHbIX KJieToqHbIX rrorry JIRIJ;MH OTHOCRTCR 

KJieTKM KOCTHoro M03ra ( «cMecb » MMCK, cpM6po6Jia

CTOB , 3H,Ll;OTeJIMaJibHbIX rrporeHMTOpHbIX KJieTOK 

(3ITK) , reMOI103TJ1qecKMX CTBOJIOBbIX M ,n;ecpMHMTJ.1B

HbIX KJieTOK reMOI103TJ1qecKOH JIMHMM M ,n;p.) [75] M 
CTpOMaJibHO-BaCKYJIRpHaR cppaKIJ;MR mMpOBOH TKaHM 
(MMCK, 3H,n;oTeJIMOIJ;MTbI M 3ITK, Jie:tioMMOIJ;MTbI, cpM6-
po6JiacTbI , rrpea,n;MIT0IJ;MTbI M MMMYHOKOMITeTeHTHbie 
KJieTKM ) [76]. 

B MHoroqMcJieHHbIX ,Ll;OKJIMHJ1qecKMX MCCJie,n;oBaHM
RX 6bIJia IT0Ka3aHa 6e3orraCHOCTb M 3cpcpeKTMBHOCTb 
pa3JIJ1qHbIX Ba pMaHTOB pa3pa60TaHHbIX TKaHeMHme
HepHbIX OCTeorrJiaCTJ1qecKMX Ma TepMaJIOB [ 7 0], qTO 
ITOCJIY:>KMJIO OCHOBaHMeM ,Zl;JIR rrepexo,n;a K KJIMHJ1qec 
KMM MCCJie,n;oBaHMRM. EoJiee Toro , yme 3aperMCTpM
poBaHbI M pa3peweHbI ,Zl;JIR KJIMHJ1qecKoro rrpMMeHe
HMR 3a py6emoM pR,n; OCTeOrrJiaCTJ1qecKMX Ma TepMa
JIOB, co,n;epmar.u;Mx :>KMBbie KJieTKM: 

PI3K 

T 
Perymu.v11R rrpoJI1,1cpepau;i,1 1,1 , 

,ll,1i1cpcpepem .:i; 1,1p oBKM, MMrp au;1,11,1 

P38 

\ 
t MJ!1T03 

Puc. 4. CxeMa BHYTPMKJieToqttoro KacKa,nttoro rryTM Tpattc

,nyKu;1111 c11rnaJI0B SDF-1 . 
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• a.rr.rror eHHbie: Osteocel plu s ( «NuVasive », CIIlA; 
2005) , T r inity Evolut ion ( «Orth ofi x », CIIlA; 2009) , 
AlloS tem ( «AlloSource »; 20 11 ) , C ellentr a VCBM 
(«BioMet», CillA ; 2012) , O vationOS («O si r i s Thera
peu tics », Cill A ; 20 13); 

• ay ToreHHbie ( «KJieToqHbIM cep BMC », y c.rryr a B B M ,l];e 

BbI,n;e.rreHMH ITep BMqHoM KJieToqHoM IT0ITY JIHIJ;MM, KY Jib
TMBMp oBaHMe, C0BMew;eHMe C H0CMTeJieM M ITpe,n;oc
TaBJieHMe B KJIMHMKY ,n;JIH MCITOJib30BaHMH): BioSeed
Oral B one ( «B ioTissue Techn ol ogies », f epMaHMH; 
200 1), Osteotransplan t DENT (co.d on , f epMaHMH; 
2006). 

T a K oe K OJIMqecTB O 3 ape rMCTp MpOB a HHhlX TKa H e 

MH:>KeH e pHbIX M3,D;eJIMM CBM,D;eTeJibCTB yeT y:me He 

T0JibK0 0 6e30ITaCHOCTM, H O M 06 3cpcpeKTMBHOCTM IT0,l];
xo,z:i;a ITPM OITpe,z:i;eJieHHbIX ,n;e cpeKTax. E OJibWMH CTBO M3 

3apemcTpMp oBaHHbIX M3,z:i;e.rrMM (T rinity E volution, 
AlloStem, Osteocel P lus, C ellentra V CBM) IT0Ka3a 
HbI ,l];JIH qacT HbIX Ba pMaHTOB CITOH ,l];MJIO,D;e3a M a pTpo 

,z:i;e3a, ,z:i;p yme (BioSeed - Oral B one , Osteotransplant 
DEN T) - ,n;JIH B0CIT0JIHeHMH ,n;ecpeKTOB qemo cTeM. 
O,n;HMM M3 ITepBbIX M HaM6o.rree ycITeWHbIX TKaHeMH
:meHepHbIX 0CTe0ITJiaCTMq ecKMX Ma TepMaJI0B ,z:i;o Ha
CT0.Hw;ero BpeMeHM ocTaeTCH Osteocel P lus. M3,z:i;eJIMe 
ITpe,z:i;cTaBJI.HeT co6oM aJIJioreHHYIO ry6qa TYIO K0CTHYIO 
TKaHb C :>KMBbIMM KJieTKaMM (5,25. 105± 4 ,6 . 103 B 5 MJI 

[77]) , coxpaHMBWMMMCH B ee cocTaBe 6.rraro,z:i;ap H cITe 
u;MaJibHOM w;a,n;Hw;eM TexH0JI0rMM o6pa6oTKM TPYITH0-
r o MaTep MaJia. Osteocel Plus IT0Ka3aH ,D;JIH ITPMMeHe
HMH B XMpyprMM IT03B OH Oq H MKa , B TOM q Mc Jie ,D;JI H 

CITOH ,D;MJIO,D;e3a Ha ypoBHe weMH Of O OT ,n;eJia . 21: JIH K a:m

,n;or o M3 ITHTM BM ,D;OB OITepa TMBHOfO BM e rna T eJib CTBa 

Ha IT03BOHOqHMK e , ITPM K OT OpbIX ITOKa 3aH O M3,D;eJIMe, 

6bIJIO BbIIT0JIHeH0 0T,D;eJibH0e KJIMHMqecKoe MCCJie,z:i;o
BaHMe c cyMMapHbIM B0BJieqeHMeM 384 ITau;MeHT0B. 
H M B 0,D;H0M CJiyqae He 6bIJIO 0TMeq eH0 He:>KeJia TeJib
HbIX HBJieHMM. IloJIHOe cpaw;eHMe y 60JibWMHCTBa ITa 
u;MeHT0B (60.rree 90%) ,D;0CTMr aJI0Cb qepe3 5- 6 Mee IT0C
Jie oITepau;MM [ 7 8]. TaK:me oITy6JIMKOBaHbI p e3y JibTa 
TbI ycITeWHbIX ITMJI0THbIX KJIMHMq ecKMX MCCJie,z:i;oBa

HMM ITO ITPMMeHeHMIO O steocel P l u s ITPM ,n;pyr Mx IT0Ka-
3aH MHX, Ta KMX KaK ayrM e HTa IJ; M H a JibB eOJIHp H o ro 

rpe6HH M a pTpo,n;e3 cycTaB0B HM:>KHMX K0Heq HOCTeM 
[79]. MexaHM3M ,n;eMCTB MH O steocel Plus M ,n;p y m x 
a.rrJioreHHbIX TKaHeMH:>KeHepHbIX M3,D;eJIMM pa3p a6oT

qJ1KM CBH3bIBaIOT C OCTeOK OH,D;Y KIJ;MBHbIM ,n;eMCTBMeM 

MaTpI1KCa , a TaK:me ITapaKpMHHOM aKTMBH0CTbIO KJie 
T0K, ITpo,n;yu;11p yIOw;11x BMP, VEG F , SDF-1 11 ,n;pyme 
cpaKTOpbI pocTa [ 77]. OITpe,n;e.rreHHa.H K0HIJ;eHTpau;MH 
6110.rror11qecKM aKTJ1BHbIX Bew;ecTB co,n;ep:>KMTCH TaK
:me B MaTp MKCe-H0CMTe.rre. 

H11 O,D;J1H J13 TKaHel1H:>KeHepHbIX OCTeOITJiaCTJ1qec

KJ1X Ma Tep 11a .rroB ITO Ka He 3a perMCTpMpOBaH Ha Tep

pI1TOpI1I1 pep KaK Me,D;l11J;J1HCKOe M3,n;e.rr11e , pa3peweH

HOe ,D;JIH KJIJ1HJ1qecKoro ITPJ1MeHeHJ1H , XOTH ycITeWHbie 

pe3y JibTa Tb! B ,n;aHHOM o6JiaCTJ1 6bIJIJ1 IT0JiyqeHbI ew;e 

B 80-x r o,n;ax xx BeKa [80 , 81]. IlpMqMHbI 3T0fO BO 

MH0f0M B 0TCYTCTBMM YTBepm,n;eHH0f0 ITpaB0B0f0 pe
ry .rrMp0BaHMH B0ITpoca perMCTpau;MM KJieToqHbIX rrpe

rra pa T OB M TKaHeMH:>KeHepHbIX Me,D;l11J;J1HCKJ1X J13,D;e-
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JIMM. TeM He MeHee ITMJI0THbie KJIMHMqecKJ1e MCC.rre,n;o
BaHJ1H 3a paMKaMM p erMCTpau;M0HHbIX ,n;eMCTBJ1M ITpO

,D;0JI:>KaIOT BbIIT0JIHHTbCH [82-86]. B qacTH0CTJ1, xopo
WMe p e3yJibTaTbI 6bIJIM IT0.rryqeHbI rrp11 J1CIT0Jib30Ba
HJ1J1 TKaHeMH:>KeHepHbIX K0CTHbIX rpacpTOB, COCTOH

W:MX M3 ay ToreHHbIX MMCK :mMpOBOM TKaHM M ,n;Byx 
BapMaHTOB MaTpMKCOB (rM,n;pOKCMaITaTMT J1 KOMIT03J1T

HbIM MaTepMaJI rM,n;p0KCMaITaTMTa M KOJIJiareHa) B Jie
q eHMM ITau;MeHT0B C a TpocpMeM aJibBe0JIHpHoro 0Tpoc
TKa BepxHeM qe.JIIOCTM M aJibBeOJIHpHOM qaCTJ1 HJ1:>K
HeM q eJIIOCTM Ha 6a3e MfMCY MM. AM. EB,n;OKMMOBa 
[83 ]. B fHU ¢MEU MM AM. EypHa3HHa MHMIJ;MMpo
BaHo KJIMHMqecKoe MCCJie,n;oBaHMe 6e3oITacHOCTM M 

3 cpcpe KTMBHOCTM TKaHeMH:>KeHepHoro OCTeOITJiaCTMqec

K0f0 MaTepMaJia M3 TPMKaJibIJ;MH cpoccpaTa 11 ayToreH
HbIX MMCK CJIM3MCTOM 060JioqKJ1 IT0JI0CTM pTa ITPM 
BbIIT0JIHeHJ1J1 rnHyc-JIMC!)TMHra (NCT02209311) [84]. 

O,z:i;HaKO Heo6xo,n;MMO 0TMeTMTb pH,n; 0Tp11u;aTeJib
HbIX acITeKT0B TKaHeMH:>KeHepHbIX K0CTHbIX rpacpTOB: 

• He,z:i;ocTaToqHaH 3cpcpeKTMBHOCTb B CJiyqae ITP0TH
:meHHbIX K0CTHbIX ,z:i;ecpeKTOB M3-3a rM6eJIM 60.JibillMH
CTBa KJieT0K, BX0,D;HW:MX B C0CTaB TKaHeMH:>KeHepHoro 
Ma Tep MaJia HeITocpe,n;cTBeHH0 IT0CJie TpaHcIT.rraHTaIJ;MM 
(KJieTKM Tpe6yIOT aKTMBH0f0 KpOBOCHa6:meHMH, K0T0-
poe KpMTMq e cKM MJ1HMMM3MpOBaHO B 3 0He ITOBpe:m,n;e

HMH ) [85] ; 
• BbIC0KaH ce6eCTOMMOCTb M CJI0:>KH0CTb TeXH0JI0I'J1-

q ecKor o ITpou;ecca (KJieToqHoro cepBMca) co3,n;aHMH 
TKaHeMHmeHepHoro ocTeoIT.rracTMqecKoro Ma TepMaJia , 
KOTOpbIM ,D;0JI:>KeH ocyw;ecTBJIHTbCH B C00TBeTCTBMM 

co cTaH,n;apTaMM GMP M GTP; 
• HeB03M0:>KH0CTb opraHM3aIJ;MM IT0JIH0IJ;eHH0f0 ce

pMMHOfO ITp0I13B0,D;CTBa HaM6o.rree 3cpcpeKTJ1BHbIX -
ITepcoHaJIJ13I1poBaHHbIX ( co,n;epmaw;Mx ayToreHHbie 
KJieTKM) - TKaHeMH:>KeHepHbIX M3,D;eJIMM; 

• oco6bie ycJI0BMH xpaHeHMH, He BCer,n;a HBJIHIOW:Me
CH ,D;0CTYITHbIMM ,D;JIH Jieqe6HO-ITpocp11JiaKTMqecKMX 
y qpe:m,n;eHMM (HaITpMMep , TeMITepaTypa HJ1:me -80°C); 

• CJI0:>KH0CTM rrpaB0B0ro pery JIMp0BaHMH M perMCT

pau;MM Me,D;l11J;J1HCKJ1X M 3 ,D;eJIMM , co,n;ep:maw;Mx :>KMBbie 

KJie TKM. 

TaKMM o6pa3oM, TKaHeMHmeHepHbIM ITo,n;xo,n; B co-
3,n;aHMM aKTMBMp0BaHHbIX 0CTe0ITJiaCTJ1qecKMX Ma Te
pMaJI0B IT03B0JI.HeT pa3pa6oTa Tb 6e3orraCHbie M 3cp
cpe KTJ1BHbie ITO OITpe,n;e.rreHHbIM ITOKa3aHJ1.HM Me,D;MIJ;J1H

CKMe !13,D;eJIMH. O,n;HaKO 0CTaIOTCH ITpo6JieMbI , orpaHM
qJ1BaIOw;11e BHe,n;peHMe pe3y JlbTa TOB TKaHel1H:>KeHep

HbIX pa3pa60TOK B PYTMHHYIO KJIMHJ1qecKyIO ITpaKTM
KY , qTo C03,n;aeT ,D;OITOJIHMTeJibHbie ITpe,n;ITOCbIJIKJ1 K 

pa3BMTMIO aJibTepHa TMBHbIX ITO,D;XO,D;OB. 

OcmeonAacmu11ecKue MamepuaAbt 
c (jJaKmopaMu pocma 

K ,n;aHHOM rpyITITe Me,D;MIJ;MHCKMX M3,D;eJIMM 0TH0-
CHTCH 0CTe0rrJiaCTJ1qecKJ1e MaTepMaJibI, COCTOHIIJ,Me M 3 

H0CMTeJIH M cpaKTOpOB pocTa ( o,n;Horo MJIM HeCK0Jib

KMX) , o6ecITeqMBaIOIIJ,l1X 0CTe0MH,D;YKTJ1BH0e ,n;eMCTBMe; 
0Ha HBJIHeTCH HaM6o.rree ycITeWHOM B acITeKTe «KJIJ1-
HJ1qecKOM TpaHCJIHIJ;MM ». Yme 3aper11cTp11poBaHbI M 

pa3peweHbI ,n;.rrH KJIMH11qecKoro ITPMMeHeHMH TaKMe 
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J13,n;eJn1R KaK Emdogain ( «Straumann», fepMaHMR) 

- MaTepMaJI C 3MaJieBbIMJ1 MaTpJ1qHbIMJ1 ITPOTeJ1Ha

MJ1 (1997); OP-1 ( «Stryker Biotech», CIIIA) - c pe

KOM6J1HaHTHbIM BMP-7 (2001); Infuse ( «Medtronic», 

CIIIA) (2002, 2004, 2007) - c peKoM6J1HaHTHbIM 

BMP-2; GEM21S, Augment bone graft ( «BioMimetic 

Therapeutics Inc. », CIIIA) - c peKoM6MHaHTHbIM 

P DGF-BB (2005, 2009), i-Factor Putty («Cerapedics», 

C IIIA) - c 6e.rrKOM P-15 (.rrMraH,n; ,n;.rrR MHTerpMH0B 

62Bl' 3KCITpeccMpyeMbIX KJieTKaMJ1 OCTeo6.rraCTJ1qec

K0ro ,n;m:pcpepoHa) (2008) J1 ,n;p. 

TJ1ITJ1qHbIM ITpe,n;cTaBJ1TeJieM ,n;aHHOJ1 rpyITITbI J13-

,n; eJIJ1J1 RBJIReTCR OCTeOITJiaCTJ1qecKJ1J1 MaTepMaJI 

I nfuse, KOTOpbrM 6br.rr o,n;o6peH FDA ,n;.rrR Me:mTe.rroBo

r o CIT0H,l1;J1JI0,D;e3a (2002), ,D;JIR KOCTHOJ1 ITJiaCTJ1KJ1 ITPM 

ITepe.rroMax 60JibWe6epQOBOJ1 K0CTJ1 (B coqeTaHJ1J1 C 

J1HTpaMe,n;y.rr.rrRpHOJ1 (pJ1KCaQJ1ei1; 2004), a TaK:>Ke ,lJ;JIR 

CJ1HYC-JIJ1(pTJ1Hra J1 ayrMeHTaQJ1J1 aJibBe0JIRpHoro 

r pe6HR ITPM ,n;ecpeKTax, CBR3aHHbIX C 8KCTpaKQJ1eJ1 

3y60B (2007) (87]. 113,n;eJIMe BbIITYCKaeTCR B BJ1,D;e Ha-

6opa, C0CT0Rr..u;ero J13 K0JIJiareH0B0ro MaTpMKCa J1 pe

KOM6J1HaHTHOrO BMP-2, K0T0pbre ITo,n;.rre:maT ofrhe,n;J1-

HeHJ1IO HeITocpe,n;CTBeHH0 ITepe,n; ITPJ1MeHeHJ1eM. B XJ1-

p yprJ1J1 IT03BOHOqHJ1Ka BBM,D;Y OTCYTCTBJ1R y MaTepM

a.rra 0ITTJ1MaJibHbIX 6J10MexaHJ1qecKJ1X CBOMCTB OH ,lJ;0JI

:>KeH 6bITb J1MITJiaHTMpoBaH B K0MITJieKce co CITeQJ1-

aJibHbIMJ1 MeTa.rr.rroK0HCTPYKQJ1RMJ1 - Kei1,n;:maMJ1. B 

ITepB0M KJIJ1HJ1qecK0M J1CCJie,n;oBaHJ1J1 ITPJ1HRJIJ1 yqac 

TJ1e 279 ITaQJ1eHT0B, K0T0pbIM 6bIJI IT0Ka3aH ITepe,n;HJ1J1 

ITORCHJ1qHbIJ1 Me:>KTeJIOBbIJ1 CIT0H,l1;J1JI0,D;e3, 143 J13 HJ1X 

0ITepaQJ1R 6bIJia BbIIT0JIHeHa c ITPJ1MeHeHJ1eM Infuse, 

0CTaJibHbIM - C J1CIT0Jib30BaHMeM K0CTH0r0 ayT0TpaH

CITJiaHTa Ta J13 rpe6HR ITO,l1;B3,l1;0IllHOJ1 K0CTJ1. Ha cpo

KaX Ha6mo,n;eHMR ,n;o 2 .rreT 6b1JIJ1 IT0Ka3aHbI 6e3oITac

HOCTb, a TaK:>Ke BbICOKaR 3cpcpeKTJ1BHOCTb .rreqeHMR -

q acT0Ta cpar..u;eHJ1J1 94,5 J1 88, 7% B KJIJ1HJ1qeCKOJ1 J1 

KOHTpOJibHOJ1 rpyITITax C00TBeTCTBeHH0 (p>0,05 ). IIpM 

3T0M T0JibK0 y ITaQMeHT0B (5,9% ) BTOpOM rpyITITbI BbI

R BJieHbI He:>KeJiaTeJibHbie RBJieHMR , CBR3aHHbie C 3a-

6opoM ayToTpaHCITJiaHTaTa (88]. B ,n;aJibHei1weM 6bIJI 

BbIIT0JIHeH pR,n; IT0CTMa pKeTMHr0BbIX KJIJ1HJ1qecKJ1X 

J1 CCJie,D;OBaHJ1J1, OITy6JIJ1KOBaHbI pe3y JibTa TbI C CJ1CTe

M a TJ13MpOBaHHbIM aHaJIJ130M, ITO,lJ;TBep:m,n;aIOr..u;Me 3cp

cp eKTJ1BHOCTb J13,D;eJIJ1R, 3KBJ1BaJieHTHYIO TaKOBOJ1 y 

K0CTHbIX ayToTpaHCITJiaHTaT0B (89 , 90]. 

O,n;HaKO OITy6.rrJ1KOBaHbI KPJ1TJ1qecKJ1e CTaTbJ1, aK

u;eHTJ1pyIOr_u;J1e BHJ1MaHJ1e Ha OCJIO:>KHeHMRX J1 He:>Ke

.rraTeJibHbIX RBJieHMRX ITPM J1CITOJib30BaHJ1J1 Infuse, a 

TaK:>Ke Ha cpaKTe J1X C0KpbITJ1R KOMITaHJ1ei1-pa3pa60T

q J1K0M (91-93]. Oco6bIJ1 pe30HaHC BbI3BaJI CITeQJ1aJib

HbIJ1 BbmycK :mypHa.rra «Spine » (IF = 3,220 B 2012 

r o,n;y), IT0JIH0CTbIO ITOCBRIIJ;eHHbIJ1 ,n;aHHOJ1 ITpo6.rreMe, C 

3aHJ1MaIOIIJ;J1M QeHTpaJibH0e MeCT0 o63opoM r JiaBH0ro 

pe,n;aKTopa E.J. Carragee J1 coaBT. (2011 ). ABTOpbr ITpo

BeJIM ,n;eTaJibHbIJ1 aHaJIJ13 13 O(pJ1QJ1aJibHbIX KJIJ1HJ1-

qeCKJ1X J1CCJie,n;oBaHJ1J1 Infuse, B TOM qJ1cJie 0TqeT0B, 

ITo,n;aHHbIX B FDA, c o6r..u;MM K0JIJ1qecTB0M ITaQMeHT0B 

780 J1 BbIRBJ1JIJ1, qTo qacT0Ta OCJIO:>KHeHJ1J1 J1 He:me.rra

TeJibHbIX RBJieHMM ( OCTeOJIJ13 C ropM30HTaJibHbIM J1JIJ1 

BepTMKaJibHbIM CMer..u;eHMeM J1MITJiaHTaTa, He,D;0CTaToq-
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Hoe cpar..u;eHMe, peTporpa,n;HbIM Bbr6poc, reTepoTorrM

qecKaR OCCJ1(pJ1KaQJ1R, OCTeOJIJ13, pa,n;J1KYJIJ1T, MHcpeK

QJ1J1) C0CTaBMJia 0K0JI0 10% ITPM J1CIT0Jib30BaHJ1J1 CTporo 

ITO IT0Ka3aHJ1RM J1 ,n;o 50% - ITPM CIT0H,l1;J1JI0,D;e3e Ha 

ypoBHe rpy,n;Horo J1JIJ1 weMHOrO OT,D;eJIOB Il03BOHOqHJ1-

Ka (93]. O6o6r..u;aR MH0roqJ1cJieHHbie pe3yJibTaTbI KJIJ1-

HJ1qecKJ1X J1CCJie,n;oBaHJ1J1 ITO BCeM TpeM rpyITITaM IT0-

Ka3aHJ1J1 Infuse MO:>KHO KOHCTaTMpOBaTb, qTo J1CITOJib-

30BaHMe J13,lJ;eJIJ1R B COOTBeTCTBJ1J1 C J1HCTPYKQJ1eJ1 

( «on-label ») RBJIReTCR 6e3oITaCHbIM J1 B 60.rrbIIIMHCTBe 

c.rryqaeB 3cpcpeKTJ1BHbIM, X0Tb J1 Ha6.rrIO,n;aIOTCR 0CJI0:>K

HeHMR, a TaK:>Ke Hey,n;oBJieTBOpMTeJibHbie pe3yJibTa

TbI, Tpe6yIOr..u;Me peoITepaQJ1J1. II pMMeHeHMe :me M3,n;e

JIMR He ITO IT0Ka3aHMRM ( «off-label ») - ,n;.rrR ,n;pyrMx 

BapMaHT0B KOCTHOJ1 ITJiaCTJ1KJ1 - C0ITp0B0m,n;aeTCR 

cyr..u;ecTBeHHbIM IT0BbIIlleHMeM pMCKa 0CJIO:>KHeHJ1J1 J1 

He:me.rra TeJibHbIX RBJieHMM [ 9 3 ]. II PM 3T0M o6r..u;ee K0-

JIJ1qeCTB0 OITepaQJ1J1 T0JibK0 C ITPJ1MeHeHJ1eM 0CTeo

ITJiaCTJ1qecKJ1X MaTepMa.rroB, co,n;ep:mar..u;Mx BMP (r.rraB

HbIM o6pa30M, Infuse), 3a 2010 r. C0CTaBMJI0 107 TbIC. 

ITPM o6r..u;eM K0JIJ1qecTBe BMewaTeJibCTB Ha IT03B0H0q

HJ1Ke C J1MITJiaHTaQJ1eJ1 Me:>KTeJI0BbIX Kei1,n;:mei1 B 

206 TbIC. (1], qT0 CBM,D;eTeJibCTByeT KaK 06 ycITexe Me

,lJ;J1QJ1HCKOro J13,lJ;eJIJ1R J1 rpyITITbI Ma TepMaJIOB B QeJIOM , 

TaK J1 o BbICOKOM qacToTe «off-label» ITPMMeHeHMR 

Infuse. 

PR,n; J13,D;eJIJ1J1 C cpaKTOpaMJ1 pocTa HaXO,lJ;RTCR Ha 

CTa,D;MRX 3KCITepMMeHTaJibHbIX J1 KJIJ1HJ1qecKJ1X J1CCJie

,D;OBaHJ1J1 Ha TeppMT0pMM P<P. B qacTH0CTM, oITy6.rrJ1-

KOBaHw pe3yJibTaThl ITPJ1MeHeHJ1R OCTeOITJiaCTJ1qec 

KJ1X MaTepMa.rroB c peKoM6J1HaHTHbIMJ1 BMP-2 (94] J1 

VEGF (95]. 

IIepe,n;OBbie J1CCJie,n;oBaHJ1R B qaCTJ1 pa3pa60TKJ1 

0CTe0ITJiaCTJ1qecKJ1X Ma TepMaJI0B C cpaKTOpaMJ1 pocTa 

HaITpaBJieHbI Ha ,n;Ba 0CH0BHbIX acITeKTa: KOM6J1HaQJ1R 

HeCK0JibKJ1X cpaKTOpOB , B TOM qJ1c.rre aHrJ1oreHHbIX J1 

0CTeoreHHbIX, B 0,lJ;H0M J13,D;eJIJ1J1, HaITpMMep, J1MM06J1-

JIJ13aQJ1R VEG F J1 BMP-2 Ha o,n;H0M H0CMTe.rre (96], a 

TaK:>Ke 06ecITeqeHJ1e ITP0JI0HrMp0BaHH0r0 K0HTp0JIJ1-

pyeMoro BbICB06o:m,n;eHJ1R TepaITeBTJ1qecKJ1X 6eJIKOB 

M3 cTpyKTypbr MaTpMKca , B qacTH0CTM, 3a cqeT yIT

paB.rreHMR ,lJ;J1HaMJ1KOJ1 6J10,n;erpa,n;aQJ1J1 rM,n;pore.rreBbIX 

Ma TPMKC0B [ 9 7, 9 8] J1JIJ1 J1HKaITcy JIJ1p0BaHJ1R M0JieKy .rr 

cpaKTOpOB pocTa B MMKpoccpepbI J13 opraHJ1qeCKJ1X 

IT0JIJ1MepoB (99]. HeKOTOpbre aBT0pbI 3a cqeT CITeQM

aJibHbIX TeXHOJIOfJ1J1 (HaITpMMep, cai1T-HaITpaBJieHHbIJ1 

MyTareHe3) J13MeHRIOT CTpyKTYPY cpaKTOpOB p o c Ta , 

o6'be,l1;J1HRIOT HeCK0JibK0 B 0,D;J1H, C03,D;aBaR «MyTaHT

Hbie » M0JieKyJibI , 06.rra,n;aIOr..u;J1e 60JibWeJ1 3cpcpeKTJ1B

H0CTbIO B aKTJ1BaQJ1J1 peITa pa TJ1BH0ro 0CTe0rJ1CT0re

He3a. HaITpMMep, B pa6oTe [ 100] MO,lJ;J1(pJ1QJ1p OBaJIJ1 

cpaKTop pocTa J1 ,n;McpcpepeHQMpOBKM-5 (gr owth-and

differentia tion factor-5 , G DF-5 ), ,n;o6aBJ1B B ero IT0C

.rre,n;oBaTeJibH0CTb cai1TbI BMP-2, oTBeTCTBeHHbre 3a 

CBR3bIBaHMe co cITeQJ1cpJ1qecKJ1MJ1 peQeITTopaMM. IIo

.rryqeHHaR Mo.rreKy .rra G DF-5 ITpJ106pe.rra CBOMCTBa , 

xapaKTepHbre ,n;.rrR BMP- 2. 

OcTeoIT.rracTJ1qecKJ1e Ma TepMaJibI c cpaKTopaMM po

CTa TaK:>Ke J1MeIOT pR,n; He,D;0CTaTK0B M ITpo6.rreM, orpa

HJ1qJ1BaIOIIJ;J1X J1X 3cpcpeKTJ1BHOCTb. Bo-ITepBbIX, MOJie-
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KYJibI 6 eJIKa B ycJIOBMHX OITep a u;MOHHOM paHbI (8Kccy 

,n;au;MH, BbICOKaH aKTMBHOCTb ITPOTeOJIMTW-Ie CKMX cpep

MeHTOB) ITO,n;BepraIOTCH 6bICTpoi1: 6Mo,n;e rpa,n;au;MM , HB

JIHIOTCH KOp OTKO:>KMBYUJ;MMM l1 KOp OTK O,IJ;MCT aHTHbIMM , 

l..JTO He ITO3BOJIH eT OCTeOITJiaCTMl..J e CKO M y Ma T e pMaJiy B 

ITOJIHOM Mepe p eaJil13OBa T b OCTeOMH,n;yu;Mpy row;ee ,n;ei1:

CTBMe. B o -BTOpbIX , KOJIMl..JeCTB O TepaITeBT Ml..J e CKOf O 

6eJIKa B MaTepMaJie orpaHMl..J e H o, a e r o ,n;e i1:c T BMe ,n;ame 

ITPM ycJIOBMM K OH T p OJIMpyeM o r o l1 ITPOJIOHrMpOBaHHO

ro BbICB06om,n;eHMH - KpaTKOBpe M e HHOe l1 «rpy6oe » . 

MHbIMM CJIOB aMM, Ta M e HblllaH q acTb M OJieK y JI 6eJIK a , 

KOTOpaH OT,n;eJIMJiaCb OT HOCMTeJIH , coxpaHMJia CBOIO 

6MOJIOfl1l..JeCKYIO aKTMBHOCTb M « ,n;o6p aJiaCb » ,n;o KJie 

TOK-MMI.IIeHei1, BCTYITM T BO B3aMM O,n;ei1 CT BMe co CITe 

LI;McpMqecKMMM peu;eITTOpaMM H a MX ITOB e pxHOCTM l1 

BbI30BeT 6MOJIOfWieCKl1M 8cpcp e K T. IlpM 8 T OM 6 bICTpo 

ITpOI130M,IJ;eT MHaKTMBaQMH peu;e ITTOp OB BMe CT e C JIM 

raH,ZJ;0M KaK KOMITeH CaTOpHo - a,n;aITTaQ MOHHbIM M exa 

Hl13M, ITpe,n;oxpaHHIOUJ;MM KJieTKM OT l136bITOl..JHOM CTJ1 -

MYJIHLI;l1l1, 6MOJIOf l1l..JeCK Oe ,n;eMCTB Me cp aKTOp a p ocTa 

ITpeKpaTMTCH, a ero K OJIMl..JeCTB O MC CHK H eT. 

TeopeTw-IeCKM TaK M X He,n;ocTa T K OB JIMI.IIe HbI TKa 

HeMH:>KeHepHbi e l1 r e H - aKTMB Mp OB a HHbie Ma TepMaJibl. 

B ITepBOM CJiyqae Bbl:>KMBI.IIMe KJieT KM CITOC06H bl ,IJ;JIM

TeJibHO ITpo,n;yu;MpOBa Tb CITeKTp 6MOJIOfl1l..JeCKl1 aKTMB

HblX Bern;ecTB, TOH KO pearMpyH H a CMrHaJibl MMKpOOK 

pymeHMH, B O BTOp OM - TepaITe B TMl..JeCKMM 6eJIOK ITpo 

,n;yu;MpyeTCH ITpOJIOHrMpOB a HHO 3a Cl..JeT 8KCITpeCCl1J1 

reHHbIX KOHCTPYKQMM, ITOITa BI.IIMX B KJieTKM - MMI.IIeHM , 

l..JTO o6ecITel..JMB aeT ,IJ;JIMTeJibHOCTb 8 cpcp eKTa. 

Fen -a,cmuBupoBaHHbLe 
ocmeonAacmuitec«ue MamepuaAbL 

OcHOB H bIM ,n;ei1:cTBYIOUJ;J1M KOM ITOH e H TOM M3,n;eJIMi1 

,n;aHHOM rpyITITbl HBJIHIOTC H r e HHbie K OH CTp yKLI;l1l1 (KO

,D;Mpyrorn;Me H Y KJieMHOBbie K MCJIOTbI), ITO8TOMY p a3pa-

6oTKl1 r eH-aKTMBMpOBaHHbIX OCTeOITJiaCTMl..JeCKMX Ma 

TepMaJIOB HaITpHMYIO CBH3aHbI C ,ZJ;O CTM:>Ke H MHMM reH

HOM TepaITMM B u;eJIOM, B p a MKax K OT o p oi1: reHHbie KOH 

CTPYKLI; l1l1 pa3pa6a T bIBaIOTCH KaK ,n;ei1CTBYIOUJ;J1e Be

w;ecTB a JieKa pcTBeHHb IX ITpeITa pa T OB. 

B paMKaX reHHOM Tep a ITMM C 1989 r. 3 aperncTp l1 -

p o BaHO yme 60.Jiee 1900 KJIMHMl..JeCKMX MC CJie,n;o B a HMM 

[ 101], l..JTO ITo,n;qep KMBa e T aKTMBHOCTb ITpOB O,ZJ;MMblX 

pa3pa60TOK. B oJiee Toro, y me BHe,n;peHbI B K Jil1H J1l..J e C

KYIO ITpaKTMKY H e CKOJibKO reHHOTepaITeBTMl..J e CKMX 

ITpeITapaTo B : G en d i cine , Onc o rine ( « SiBi o n o 

GeneTech », K MTa i1:), Heo BacKyJireH ( MCK"l.! , PoccMH), 

Glybera ( « u niQuro » , HM,n;epJI,n;aH,n;br). HeoBacKyJire H 

H B JIHeTCH p OCCMMCKOM pa3 pa60TKOM l1 pa3peI.IIeH ,IJ;JIH 

KJIMH M l..Je CKOf O ITPMMeHeHMH Ha TeppI1TOpl1I1 pep l1 

YKpaMHbI [102]. OITbIT ero pa3pa6oTKM M KOMITJieKc

H h re 8 KCITe p MM e H T aJibHbie MCCJie,IJ;OBaHMH [ 103] ccpop

MMp OBaJIM Hayl..JHO-TeXHMl..JeCKMM 3a,n;eJI ,IJ;JIH 3aITycKa 

ITe pBo r o B MMpe KJIMHMl..JeCKOrO MCCJie,n;oBaHMH reH-aK

TMB M p OBaHHOfO OCTeOITJiaCTMl..JeCKOfO MaTepMaJia 

(NCT02293031 ) [104]. 
feH-aKTMBMpOBaHHbIM OCTeOITJiaCTMl..JeCKMM MaTe

pMaJI ITpe,n;cTaBJIHeT co6oi1: KOMITJieKC «HOCMTeJib -

HYKJieMHOBaH KMCJIOTa » , KOMITOHeHTbI KOTOporo o6'be-
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,ZJ;MHeHbI pa3Jil1l..JHbIMl1 MeTo,n;aMM: 3a Cl..JeT TeXHOJIOfMM 

« XMMMl..JeCKOfO CBH3bIBaHMH » [ 103], l1CITOJib30BaHMH 

BCITOMOraTeJibHbIX Bern;ecTB (HaITpMMep, reJieBbIX 6MO

ITOJIMMepoB) [ 105], HeITocpe,n;CTBeHHOfO BKJIIOl..JeHMH 

HYKJieMHOBbIX KMCJIOT B COCTaB HOCMTeJieM Ha 8TaITe 

Cl1HTe 3a MaTpMKCa l1 T.,IJ;. O6rn;aH 8cpcpeKTl1BHOCTb l13-

,n;e JIMH OITpe ,n;eJIHeTCH cyMMOM MexaHl13MOB ,n;ei1:CTBMH 

KaK r e HHbIX KOHCTPYKQMM ( ocTeOMH,n;yKI.J;MH), TaK M 

HOCMTe JIH ( OCTe OKOH,IJ;YKQMH ). 

B M e xaHl13Me OCTeOMH,IJ;YKTMBHOfO ,n;ei1CTBMH reH

aKTJ1BJ1pOBaHHOrO Ma TepMaJia MO:>KHO BbI,IJ;eJIMTb ,n;Ba 

ITOCJie,n;o Ba T e JibHbIX 8TaITa : HeCITeu;McpMl..JeCKMM l1 CITe

LI;Mcp Mq e cKMM. IIepBbIM CBH3aH C BbICB06om,n;eHMeM 

HYKJieMHOBbIX KMCJIOT M3 cTpyKTYPbI HOCMTeJIH ITOCJie 

l1MITJiaHTaLI;Ml1 B 3OHY ,n;ecpeKTa, ITOCTYITJieHMeM B KJieT

KM p e u;MITMeHTHOro JIO:>Ka l1 8KCITpeccMei1 B HMX. ¢aK

Tl1l..J e CKl1 OH HBJIHeTCH O,ZJ;MHaKOBbIM ,IJ;JIH JII06bIX reH

HbIX K OHCTPYKQMM, a Ba pMa6eJibHOCTb B qacTM ITO

CTYITJieHMH B KJieTKY o6ycJIOBJieHa JIMI.llb CMCTeMaMM 

,ZJ;OCTaBKM TpaHcreHa. BTopoi1: COCTOMT B CITeu;McpMqec

KOM ,n;e i1CTBI1l1 peryJIHTOpHOM MOJieKyJihl 6eJIKOBOM 

ITPMP O.ZJ:bI , KO,n;MpyeMOM TpaHcreHOM l1 ITpo,n;yu;Mpye

MOM TpaHCcpI1LI;I1pOBaHHbIMJ1 KJieTKaMM, KOTOpbie pa-

6oTaIOT KaK CBOero po,n;a « 6MopeaKTOpbI » TepaITeBTM

qecK o r o 6 e JIKa , CMHTe3MPYH ero B Tel..JeHMe oITpe,n;e

JieHHo ro ITe pMo,n;a BpeMeHM. B OT JIMl..JMe OT M3,n;eJIMi1, 

co,n;epmarn;Mx cpaKTOpbI pocTa , OCHOBHOM KOMITOHeHT 

reH-aKTMBreHHhlX OCTeOITJiaCTMl..JeCKMX MaTepMaJIOB 

,n;e i1CTByeT « MHfKO » . MHbIMM CJIOBaMM, ITOITa,n;aHMe 

T paHcreHa B H,n;po KJieTKM-MMI.IIeHM He ITPMHym,n;aeT 

ee K 06.JIMraTHOM 8KCITpeCCl1l1 TepaITeBTMl..JeCKOfO 6eJI

Ka. KJieTKa coxpaHHeT CBOe HOpMaJibHOe cpyHKLI;MO

HaJibHOe COCTOHHMe l1 peaKQMIO Ha CTMMY Jlbl MMKpo

OKpy meHMH , B CBH3l1 C qeM ITPM OTCYTCTBMM ITOTpe6-

H OCTJ1 B TepaITeBTJ1l..JeCKOM 6eJIKe B KOHKpeTHbIM ITpO

M e :>KyTOK BpeMeHM OHa 3a Cl..JeT BHYTPMKJieTOl..JHbIX 

ITOCT TpaHCKpMITI.J;MOHHbIX MexaHl13MOB pery JIHQMM ITO

JIY:>Kl13Hl1 MPHK cIToco6Ha CHM3MTb ypoBeHb MPHK 

T paHcreHa l1 TeM caMbIM ITpe,n;OTBpa Tl1Tb ITpo,n;yKLI;MIO 

6eJIKa [106]. TaKOM MexaHl13M ,n;ei1:CTBMH reHHbIX KOH

CTPYKQMM 3Ha l..JMTeJibHO ITOBbII.IIaeT 8cpcpeKTMBHOCTb 

r e H-aKTMBMpOBaHHOfO MaTepMaJia ITO cpaBHeHMIO C 

l13,ZJ;eJIMHMl1, co,n;epmarn;MMM cpaKTOpbI pocTa [107]. 
Jlro6bre reHHbre KOHCTPYKQMM cocTOHT M3 TepaITeB

T Ml..JecKoro reHa (B BM,n;e K,I(HK MJIM PHK) M CMCTeMbI 

e ro BHYTPMKJieTOl..JHOM ,IJ;OCTaBKM (BeKTOp ). BeKTOpbI 

pa3,n;eJIHIOTCH Ha ,n;Be ocHOBHbre rpyITITbI - BMpycHbre 

M HeBMpycHbie. B ITepBoM cJiyqae TpaHcreH 3aKJIIOl..Ja

eTcH B qacTMQY peTpo-, JieHTM-, a,n;eHOBMpyca MJIM 

a,n;eHO-aCCOLI;MMpoBaHHOrO BMpyca l1 ,n;p., a BO BTOpOM 

- B ITJia3MM,n;y - KOJibQeByro MOJieKy JIY HYKJieMHO

Boi1 KMCJIOTbI , co,n;epmaw;yro pH,n; BCITOMOraTeJibHbIX 

ITOCJie,n;oBa TeJibHOCTei1: , o6ecITel..JMBaIOrn;Mx 8KCITpeCCMIO 

TpaHcreHa. BMpycHaH l1 HeBMpycHaH CMCTeMbI ,n;oc

TaBKM OT JIMl..JaIOTCH ITO 8cpcpeKTl1BHOCTl1 TpaHccpeKLI;l1l1. 

B ITepBOM CJiyqae B KJieTKM-MMI.IIeHM ITOCTyITaeT ,n;o 

40% l1 60.Jiee reHHbIX KOHCTPYKQMM, BO BTOpOM ,n;aH

HbIM ITOKa3a TeJib He ITpeBbII.IIaeT 1 -2% BBM,IJ;Y pa3Me 

poB l1 OTpMu;a TeJibHOro 3a pH,n;a « fOJIOM » ITJia3Ml1,IJ;HOM 

,UHK II pe,n;Jio:>KeHbI ITo,n;xo,n;bI ( cpM3Ml..JeCKMe , XMMMl..Jec -
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KMe), 06ecITeqMBalOI.QMe ITOBbIIlleHMe 8cpcpeKTMBHOCTM 

TpaHccpeKIJ;MM ITJia3MM,n;Ho:vr ,UHK ,n;o 8-10% [ 10 8]. 

Ba.mHo TaKme OTMeTMTb, qTo pR,n; BMpycHbIX BeK

TopoB (peTpo-' JieHTMBMpyCHbie M ,n;p.) BCTpaMBalOT

CR B reHOM. l1HbIMM CJIOBaMM, 8KCITpeCCMR TpaHcre

Ha, KOTOpbIM OHM ITepeHOCRT, ,D;JIMTeJibHaR, B TO Bpe

MR KaK ocTaJibHbie, B TOM qMc.rre ITJia3MM,n;HaR ,UHK, 

B reHOM He MHTerpMpyIOTCR, ITO8TOMY 8KCITpeccMpy

lOTCR BpeMeHHO, B TeqeHMe 10-14 cyT. yqMTbIBaR, 

q To ITpo,n;yKIJ;MR TepaITeBTMqecKoro 6e.rrKa, KO,n;Mpye

Moro reHHOM KOHCTpyKu;MeM, B c.rryqae KOCTHOM ITJia

CT MKM He ,D;OJIJKHa ITpeBbIIIIaTb cpOKM ITOJIHOM peITa

p a TMBHOM pereHepau;MM, peTpo- M .rreHTMBMpycHbie 

BeKTOpbI ITpaKTMqecKM He MCITOJib3YIOTCR ,D;JIR CO3,n;a

HMR reH-aKTMBMpOBaHHbIX OCTeOITJiaCTMqecKMX Ma

TepMaJioB; qaI.Qe ITPMMeHRIOTCR B reHHO-KJieToqHOM 

rro,n;xo,n;e, KOr,n;a KYJibTypa KJieTOK TpaHCC!)MIJ;MpyeT

CR ex vivo M ITOCJie 8TOro COBMeI.QaeTCR C MaTpMK

COM-HOCMTeJieM [109]. 

TaKMM o6pa30M, Bee reH-aKTMBMpOBaHHbie MaTe

pMaJibl MOryT 6bITb pa3,n;eJieHbl ITO TeXHOJIOrMqecKOMY 

Ba pMaHTY COBMeI.QeHMR Ma TPMKCa M reHHbIX KOHCT

PY KIJ;MM, a TaKme ITO cocTaBy 6Mo.rrorMqecKM aKTMBHO

ro KOMITOHeHTa: ITpMpo,n;e BeKTOpa M TpaHcreHa, KO

JIMqecTBY TpaHcreHOB MJIM pa3JIMqHbIX reHHbIX KOH

CTPYKIJ;MM B cocTaBe o,n;Horo M3,n;eJIMR. O,n;HaKo, oqe

BM,n;Ho, qTo r.rraBHbIM ,n;McpcpepeHu;MaJibHbIM ITPM3Ha

KOM, o6ycJIOBJIMBalOI.QMM pa3JIMqMR B 6MOJIOrMqecKOM 

,n;e MCTBMM reH-aKTMBMpOBaHHbIX Ma TepMaJIOB, RBJIR

e T CR MMeHHO TpaHcreH. HaM6o.rree qacTO ITPMMeHRIO

I.IJ;MMMCR ITPM CO3,D;aHMM reH-aKTMBMpOBaHHbIX OCTeO

rr.rraCTMqecKMX Ma TepMaJIOB TpaHcreHaMM RBJIRIOTCR 

rroc.rre,n;oBaTeJibHOCTM HYKJieOTM,D;OB, KO,D;MpyIOI.QMe oc

HOBHbie OCTeOMH,n;yu;MpyIOI.QMe M CITeu;McpMqHbie ,l];JIR 

OCTeo6.rraCTOB TpaHCKpMITIJ;MOHHbie cpaKTOpbI (Ta6.rr. 2) . 

HaM6o.rree pacITpOCTpaHeHHbIMM TpaHreHaMM, BbI6-

p aHHbIMM ,ZJ;JIR MH,D;YKIJ;MM B0CCTaH0BMTeJibHOro rrpou;ec

ca , RBJIRIOTCR HYKJie0TJ1,ZJ;Hbie IT0CJie,D;OBaTeJibH0CTM, 

K0,n;MpyIOI.QMe BMP, oco6eHHO BMP-2 (cM. Ta6.rr. 2) , M 

VEG F. IIepBbie pa60TbI 6bIJIM CBR3aHbI c ITPRMbIM reH

HbIM TpaHccpepoM - MeTO,D;MKe , ITPM KOTOpo:vr reHHbie 

K0HCTpyKIJ;MM BBO,D;RTCR B OKpy.maIOI.QMe KOCTHbIM ,n;e

cp eKT MRfKMe TKaHM B BM,n;e paCTBOpa, T.e. 6e3 MMM0-

611JIM3aIJ;MM Ha Ma TPMKCe-HOCMTeJie [ 110' 111 ]. Bam

HO, qTO ,n;ame B TaKOM c.rryqae 6bIJIM ITO.rryqeHbl ITOJIO

JKMTeJibHbie pe3y JibTa Tbl, qTo CBM,ZJ;eTeJibCTByeT O ITep

BOCTeITeHHOM 3Ha qeHMM MMeHHO reHHbIX KOHCTPYKIJ;MM 

B COCTaBe reH-aKTMBMpoBaHHbIX MaTepMaJIOB. B qac

THOCTM, B MCCJie,n;oBaHMM A. Baltzer M coaBT. (2000) 

yme qepe3 12 He,n;. ITOCJie BBe,n;eHMR a,n;eHOBMpycoB 

(2 · 10 10 qacTMIJ;) c ,UHK, Ko,n;MpyIOI.Qe:vr reH bmp-2, B 

MblillIJ;bl BOKpyr ,n;ecpeKTOB ( 1 ,3 CM) 6e,n;peHHbIX KOC

TeM KpOJIMKOB Ha6JIIO,ZJ;aJiaCb ITOJIHaR KOHCOJIM,n;au;11R. 

ITpM 8TOM B KOHTpo.rre, B KOTOpOM B KaqecTBe TpaHc

r eHa MCITOJib30BaJIM reH , KO,ZJ;MPYIOI.QMM cp.rryopecu;eH

THbIM MapKepHbIM 6eJIOK (.rrIOu;ecpepa3a) 6e3 OCTeOMH

,n;yKTMBHOM aKTMBHOCTM, BO Bcex c.rryqa.Hx u;eHTpaJib

HaR qaCTb ,n;ecpeKTa coxpaHRJiaCb M 6bIJia BbIITOJIHeHa 

BOJIOKHMCTOM coe,n;MHMTeJibHOM TKaHblO. K HaCTORI.Qe

MY BpeMeHM ITPRMOM reHHbIM TpaHccpep in vitro MJIM 
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in vivo B OTHOilleHMM « KOCTHbIX ITOKa3aHMJ1 » MCITOJib-

3yeTCR ITpeMMyI.QeCTBeHHO ,D;JIR ce.rreKTMBHOM ou;eHKM 

6MOJIOfMqecKoro 8cpcpeKTa reHHbIX KOHCTPYKIJ;MM, BbI6-

paHHbIX ,D;JIR C03,D;aHMR reH-aKTMBMpOBaHHbIX OCTeO

ITJiaCTMqecKMX MaTepMa.rroB. TaK, G. Feichtinger M 

coaBT. [112] pa3pa6oTaJIM K0-8KCITpeccMOHHYIO I1Jla3-

MM,D;HYIO ,UHK c reHaMM, KO,n;MpyIOI.QMMM BMP-2 M 

BMP-7 , ITO,n;KomHaR MH'beKIJ;MR KOTopo:vr B BM,n;e pac

TBopa (20 MKr) B 46% c.rryqaeB ITPMBO,D;MJia K MH,n;yK

IJ;MM reTepoTOITMqecKoro ocTeorMcToreHe3a. 

HecMOTpR Ha ITOJIO)KMTeJibHbie pe3yJibTaTbI MC

ITOJib30BaHMR ITPRMOro reHHOfO TpaHccpepa, 6e3 Me

xaHJ1qecKoro 3aITOJIHeHMR KOCTHOro ,n;ecpeKTa OCTeO

KOH,ZJ;YKTMBHbIM MaTepMaJIOB, oco6eHHO B c.rryqae ITpO

TR.tKeHHbIX ( o6oeMHbIX) ,n;ecpeKTOB, 8cpcpeKTMBHaR KO

CTHaR ITJiaCTMKa HeBO3MO.tKHa. B 8TOJ1 CBR3M JIOfMq

HbIM ITpo,n;o.rrmeHMeM ITPRMOrO reHHOfO TpaHccpepa 

CTaJIM reH-aKTMBMpOBaHHbie OCTeOITJiaCTMqecKMe Ma

TepMaJibl. IlMK pa3pa6oToK TaKMX M3,n;e.rrM:vr, co,n;ep

maI.QMX reHHbie KOHCTPYKIJ;MM c bmp, ITPM1IIe.rrcR Ha 

2004-2007-e fO,ZJ;bI, qTo, B03MO.tKHO, CBR3aHO C ITpe,n;

IlleCTBOBaBillMMM co6bITMRMM - perMcTpau;Me:vr FDA, 

BHe,n;peHMeM J1 1IIMpOKMM MCITOJib3OBaHMeM B KJIMHM

qecKOM ITpaKTMKe Me,D;MIJ;MHCKMX M3,D;eJIMM, co,n;epma-

1.Q M x cp a KT op bl po c Ta BM P - 7 ( 0 P - 1 , «Stryker 

Biotech » , CIIIA) M BMP-2 (Infuse, «Medtronic » , 

CIIIA), B 2001 M 2002 r. cooTBeTCTBeHHO. 

B ,n;a.rrbHei11IIeM B CBR3M c ,n;eTaJIM3au;Me:vr ,n;aHHbIX o 

po.rrM aHrMoreHe3a B ITpou;ecce pereHepau;MM KOCTHOM 

TKaHM, a TaK.me BHYTPMKJieToqHbIX ITyTe:vr TpaHc,n;yK

IJ;MM CMrHaJIOB , peryJIMPYIOI.QMX ITpO.rrMcpepau;MIO, ,n;Mcp

cpepeHu;MpOBKY M MopcpocpyHKIJ;MOHaJibHYIO aKTMB

HOCTb KJieTOK OCTeo6.rraCTMqecKoro ,n;McpcpepoHa, Bee 

qaI.Qe B KaqecTBe TpaHcreHOB CTaJIM MCITOJib3OBaTb 

IToc.rre,n;oBaTeJibHOCTM, Ko,n;11py10I.QMe VEGF, a TaK

me CITeu;McpMqecKMe TpaHCKpMITIJ;MOHHbie cpaKTOpbl 

( CM. Ta6JI. 2 ). 
TaK, M. Keeney M coaBT. [ 113] pa3pa6oTaJIM reH

aKTMBMpoBaHHbIM OCTeOITJiaCTMqecKMM MaTepMaJI Ha 

OCHOBe KOM6MHMpOBaHHOro KOJIJiareHOBO-KaJibIJ;MM

cpoccpaTHOro MaTpMKCa M ITJia3MM,D;HOJ1 ,UHK, KO,D;Mpy

lOI.QeM VEGF-A165 (0,35 MKr/ MM3 HOCMTe.rrR). 3To M3 -

,n;e.rrMe 6bIJIO MMITJiaHTMpOBaHO MbIIllaM ITO,D;KO.tKHO, a 

TaKme B ,n;ecpeKTbI Me.tKMbII.QeJIKOBOM RMKM 6e,n;peH

HOJ1 KOCTM (,n;MaMeTp 1 MM, ,D;JIMHa 7 MM). HecMOTpR Ha 

TO qTo B reTepOTOITMqeCKMX ycJIOBMRX He 6bIJIO BbIRB

JieHO HM ITpM3HaKOB OCTeorMCTOreHe3a, HM CTaTMCTM

qecKM 3HaqMMbIX pa3JIMqMJ1 B KOJIMqecTBe cocy,n;oB , B 

opTOTOITMqeCKMX Ha6.rrIO,n;aJICR CTa TMCTMqecKM 3Ha qM

MO 60Jib1IIMJ1 o6oeM KOCTHOro pereHepaTa B 8KCITepM

MeHTaJibHOJ1 rpyITITe ITO cpaBHeHMIO C KOHTpo.rreM -

BBe,n;eHMe HOCMTeJIR C ,UHK, KO,D;MpyIOI.QeM Ma pKep

HbIM reH , qepe3 30 cyT ITOCJie oITepau;MM [ 11 3 ]. O,n;HaKo 

BbI6paHHYIO aBTOpaMM 8KCITepMMeHTaJibHYIO MO,n;eJib 

ou;eHKM 8cpcpeKTMBHOCTM OCTeOITJiaCTMqecKoro MaTe

pMaJia BBM,n;y MMHMMaJibHOfO pa3Mepa ,n;ecpeKTa 

HeJib3R cqMTa Tb OITTMMaJibHOM. 

B PoccMM TaKme 6bIJIM pa3pa6oTaHbI HeCKOJibKO 

Ba pMaHTOB reH-aKTMBMpOBaHHbIX OCTeOITJiaCTMqecKMX 

Ma TepMaJIOB C MCITOJib3OBaHMeM B Ka qecTBe TpaHcre-
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Ta6n. 2. Cocrna ,eHHb/X KOHCTPYKLJ,IIIM , pa3pa60T8HHb/X ,ll,f7fl IIIHJJ.YKLl, fllfll pen apaTIABHO,O OCTeOlfl1CTOIBHe3a ( KaK KOMnOHBHTbl 

,eH-8KTIIIBIIIP OB8HHb/X OCTe onnaCTfllllBCKIIIX MaTep111anoa fl/fl/II ,eHHO-KflBTOl./Hb/X 1113)].BfllllM) 

TpaHcreH BeKTop CchIJIKa 

feHbI , KO.D;J1pyIOII.I;I,1e cpa KTOpbI p o cT a / ropMOHbI 

angiopoietin-1 [149] 
IIJias MM,n;Ha.H JJ:HK [ 111] 

A,n;eHOBlilpyc [ 110] 
BMP-2 JieHTMBMpyc [150] 

BMP-4 

BMP-6 

BMP-7 (OP-1) 

BMP-9 

BMP- 12 
Cyclooxygenase- 2 (Cox- 2) 

EPO 

Epidermal growth factor 
EGF 

bFGF 

HGF 
HIF-la 

IGF-1 
Integrin-a5 

LIM mineralization 
protein-I (LMP-1 ) 

LMP - 3 

Nell- 1 

Osterix 

JimIOCOMaJibHbIM 
B e KTOp 

II.rra s Mlil,I.J;Ha.H JJ:HK 

P eTpOBMpyc 

II.rrasMM,I.J;Ha.H JJ:HK 

A,n;eHOBMpyc 

A.z:i;ettoacco~1,11,1poBaH-
HbIM BMpyc 

JieHTJ1BJ1pyc 

II.rra s MJ1,I.J;Ha.H JJ:HK 

A,n;eHOBMpyc 
A.z:i;ettoacco~1,11,1poBaH-

HbIM BMpyc 
P eTpOBMpyc 

II.rrasMM,I.J;Ha.H JJ:HK 
A.z:i;ettoB1,1pyc 

II.rras MM,n;Ha.H JJ:HK 

P eTpOBMpyc 

A,n;eHoB1,1pyc 

II.rrasMM,n;Ha.H JJ:HK 

II.rrasMM,I.J;Ha.H JJ:HK 

A.z:i;e ttoB1,1pyc 

JieHTJ1BJ1pyc 

II.rras MM,n;Ha.H JJ:HK 

JieHTJ1BJ1pyc 

P eTpoB1,1pyc 

A,n;eHOBMpyc 

A,n;eHOBMpyc 

P eTpoB1,1pyc 

[151] 

[152] 

[109] 

[153] 

[154] 

[155] 

[153] 

[156] 

[157] 

[158] 

[15 9] 

[1 60] 

[1 61] 

[1 62] 

[1 63] 

[1 64] 

[1 65] 

[166] 

[1 67 ] 

[168] 

[169] 

[1 70] 

[1 71] 

[172] 

[17 3] 

[174] 

Ha vegf-a, H O OT JivP-IaIOIIJ;MX CH rrpvrp o ,z:i;o:ti H OCMTe JieM 

(KCeHoreHHbIM K OCTHbIM MaT p vIKC, KOMIT0 3 MTHbIM Ma

TepvraJI v13 KOJIJiar e H a vr r v1,z:i;po Kcv1arra T v1Ta vr ,z:i;p. ) vr 

c rreu;vrqm KOM ITOCJie,IJ,OBa TeJibHOCTM r e HHOM KOH CTpyK

IJ;vlvl . Ilp vr 8TOM 8 q:> q:>eKT MBHOCTb v13,IJ,eJIMM 6 b IJia ITOKa-

3 aHa H a 6 o Jiee CJIO:>KH OM MO,IJ,eJIM - rrpvr 3aM e r.u; e HMM 

6vrJia TepaJibHbIX K paHMaJibHbIX ,z:i;ecpe KTOB T e MeHHbIX 

K OCTeM KpOJIMK OB ,z:i;vraMe TpOM 10 MM [104 , 114]. 
TaKvrM o6pa30M , aHaJivr3vrpyH pe3 yJihTaTbI vrccJie 

,z:i;o B a H vr :ti, K acam r.u;vrxcH pa3pa6oTKM reH-aKTMBvrpo 

B a HHbIX OCTeOrrJiaCTW-Ie CKMX Ma TepvraJIOB ( a TaKme 

reHHO- KJieT o qHo r o ITO,IJ,XO,IJ,a v1 rrp.HMOfO reHHOfO TpaHC

cpepa ), MO:>KHO 3aKJIIOqv1Tb , qTo 60JibilIMHCTB O v13 HMX 

rrpo,z:i;eMOHCTpvrpoBaJIM 6e3orraCHOCTb v1 BbICOKYIO 8q:> 

cpeKTMBHOCT b B MCITOJib3OBaHHhlX 8KCrrepvrMeHTaJib

HbIX MO,IJ,eJI.HX, He3aBMCMMO OT BM,IJ,a BeKTOp a v1 Ma T 

pHKCa- HOCMTeJI.H. O ,z:i;HaKO OCTaeTC.H p.H,IJ, TPY,IJ,HOCTeM , 

xa paKTepHbIX ,IJ,JI.H ,z:i;aHHOM rpyrrrrbl aKTMBMp OB aHHbIX 

TpaHcreH BeKTop ccbIJIKa 

f eHbI , KO,I.1;J1pyIOw;J1e cpaKTOpbI pocTa/ropMOHbI 

P DGF-A A,n;eHOBMpyc [175] 

PDGF-B 
II.rra3MJ1,I.J;Ha.H JJ:HK [176] 
A,n;eHOBMpyc [177] 

Para thyroid hormone II.rrasMJ1,I.J;Ha.H JJ:HK [178] (amino acids 1-34) 

TGF-~1 non-viral vector [179] (K)16GRGDSPC 

VEGF- A 
II.rrasMJ1,n;Ha.H JJ:HK [113] 
A,n;eHoB1,1pyc [180] 

BMP-2+BMP-7 A,n;eHOBMpyc [181] 

BMP-2+BMP-6 A,n;eHoB1,1pyc [182] 

BMP-2+IHH A,n;eHOBMpyc [183] 

BMP-2+VEGF A,n;eHOBMpyc [184] 

BMP-2+VEGF+IGF- 1 + [185] TGF-~1 

BMP-2+PDGF-b A,n;eHOBMpyc [186] 

RANKL+VEGF A,n;eHoacco~1,11,1poBaH-
[187] HbIM BMpyc 

BMP-2/BMP-7 II.rrasMM,n;Ha.H JJ:HK [1 12] 

BMP-2/BMP-4 JI1,1rrocoMaJibHbIM 
[188] BeKTOp 

BMP-6 / BMP-9 A,n;eHOBMpyc [189] 

BMP- 6/VEGF A,n;eHOBMpyc [190] 
,-,-;_ 

BMP-7 /IGF-1 A.z:i;ettoB1,1pyc [191] 

BMP-7/OPG II.rrasMJ1,n;HaH JJ:HK [192] 

f eHbI , KO,I.1;J1pyIOrn;J1e TpaHCKpJ1II~J10HHbie cpaKT OpbI 

Cbfal 
JieHTJ1BJ1pyc [193] 

A,n;eHOBMpyc [ 194] 

c-myb II.rrasMM,n;Ha.H JJ:HK [195] 

Runx2 
A.z:i;ettoB1,1pyc [1 96] 

P eTpOBMpyc [197] 

SOX9 A,n;eHoacco~1,11,1poBaH- [198] HbIM BMpyc 
caALK6+ Runx2 II.rrasMM,n;Ha.H JJ:HK [199] 
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Ma T e pvraJIOB vr Tpe6ymr.u;vrx rrpeo,z:i;oJieHvr.H: rrpovr3BO,n

c TBO , rrpo6JieMa cTepv1Jiv13au;v1v1, cTau,z:i;apTvr3vrpoBaH

H o ro KOHTPOJI.H coxpaHeHvr.H crreu;vrcpvrqecKoM aKTMB

H OCTM reHHbIX KOHCTPYKIJ;MM rrocJie 3aB eprneHvrH rrpo 

M3 BO,IJ,CTBeHHoro IJ;MKJia, ueo6xo,z:i;vrMOCTb ITOBb illieHMH 

ypoBHH TpaHcq:>eKIJ;vlvl HeBvrpycHbIX reHHbI X KOHCTpyK

IJ;MM vr o6ecrreqeHM.H MX rrpOJIOHrvrpoBaHHOfO vr KOHT

poJivrpyeMoro BbICBo6om,z:i;eHvr.H v13 CTPYKTYPbI uocvr 

TeJI.H ITOCJie MMITJiaHTau;v1v1. 

3 aKmoqem1e. ,[LeTaJivr3au;vrH oco6eHHOCTeM per y 

JI.HIJ;MM p erra pa TMBHOfO OCTeorMCTOreHe3a, ero ,IJ,MHa

MMKM v1 pe3y JibTa Ta B 3aBMCMMOCTM OT HaJiv1qv1J1 MJIM 

OTCYTCTBM.H OCTeoreHHOM He,IJ,OCTa ToquoCTM , a TaKme 

ITOHMMaHvre MexaHM3M OB ,z:i;eMCTBMH pa3JIMqHb lX rpyrrrr 

0CTeorrJiaCTMqec KMX MaTepttaJIOB , pa3pa60TaHHblX B 

paMKax ,IJ,BYX OCHOB H b IX TeXHOJIOrvrqecKMX TpeH,IJ,OB , 

IT03B OJI.HeT rrep eCMOTpeTb COBpeM eHHYIO CMCTeMy KO 

CT H 03aMer.u;amr.u;vrx v13,z:i;eJiv1:ti vr rrpe,z:i;JIO:>KMTb rrpvrKJia,z:i; -
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HYIO KJiaCCJ1(J)J1Ka~11IO: C pa3,n;eJieHJ1eM BCex MaTep11-

aJI0B Ha op8u1-lap1-lble 11 a1<:mwmp0Ba1-l1-lble. 

K Ka Terop1111 op,n;11Ha pHbIX CJie,n;yeT OTHeCTJ1 113-

,n;e JIMR 6e3 CTaH,n;a PTM311p0BaHHbIX ITO Ka qecTBeHHbIM 

J,1 K0JIJ11..JeCTBeHHbIM IT0Ka3a TeJIRM 6110Jior11qecKJ1 aK

T J1BHbIX K0MIT0HeHT0B. OcTeOKOH,ZJ;YK~J1R 11 B pR,n;e 

CJiyqaeB yMepeHHaR OCTeOMH,ZJ;YK~MR IT03B0JIRIOT Ta

K J1M MaTep11aJiaM OITTJ1MJ1311pOBaTb perrapaTMBHYIO 

pereHepa~11IO ,ZJ;JIR ycKopeHMR 11 yBeJI111..JeH11R o6ne

Ma HOB006pa30BaHHOM KOCTHOM TKaHM. OHJ1 IT0Ka3a

Hbl ,[(JIR BOCITOJIHeHMR KOCTHblX ,n;ecpeKTOB (11 ycTpa

He HMR aTpO(J)J1J1 qeJIIOCTeM) 6e3 OCTeoreHHOM He,n;oc

Ta T01..JH0CTJ1. OcHOBHOM rrpo6JieMoi1 ,n;aHHOM Ka Tero

pv111 OCTeOrrJiaCTJ11..JeCKJ1X Ma Tep11aJIOB RBJIReTCR HJ13-

Kli1M ocTeo11H,n;yKTJ1BHbIM rroTeH~MaJI , rro3T0MY x11-

pypr11, 3aqacTyIO Herrocpe,n;cTBeHH0 rrepe,n; 11MrrJiaH

Ta~11ei1 113,ZJ;eJIMR, BbIITOJIHRIOT ero J1MIIpOBJ1311pOBaH

HYIO, 8MIIJ1p11qecKyIO « aKTJ1Ba~J1IO » , CMeWMBaR Ma

T e p11aJI C KpOBbIO rra~MeHTa, ayTOKOCTHOM KpOWKOM 

(q arn;e B C00TH0WeHJ1J1 1: 1), ITJia3MOM, o6orarn;eHHOM 

TpoM60~J1TaMJ1, ITJia3MOM, o6orarn;eHHOM cpaKTOpaMJ1 

pocTa [115] 11 T.,n;. 

AKTJ1B11pOBaHHbie Ma Tep11aJibl 3a Cl..JeT 6110JIOrJ1 -

q e cKM aKTJ1BHbIX K0MIT0HeHT0B o6Jia,n;aIOT 0CTe0J1H,ZJ;yK-

11,v1ei1 J1 (11JIJ1) OCTeoreHHOCTbIO, IT03TOMY rrpM3BaHbl He 

CT0JibK0 rro,n;,n;epma Tb ecTeCTBeHHbIM XO,[( perra pa TJ1B

HOrO OCTeOrJ1CTOreHe3a , CKOJibKO J1H,ZJ;y~11poBaTb J1 

0 6 ecrre1..JJ1Tb ero BbIC0KYIO aKTJ1BH0CTb ,[(0 IT0JIH0ro r11-

CT OTJ1ITJ11..JeCKOro BOCCTaHOBJieHMR. TeopeTJ11..JeCKJ1 3TO 

,n;e JiaeT MX rrp11MeHJ1MbIMJ1 B 3aMern;eHJ1J1 He T0JibK0 

MaJibIX, HO 11 rrp0TR:IBeHHbIX ( o6neMHbIX) K0CTHbIX ,n;e

cpeKTOB, xapaKTep113yIOII.J;J1XCR OCTeoreHHOM He,[(OCTa

T0l..JH0CTbIO. II p0T0TMIT0M, CB0ero po,n;a 3TaJI0H0M aK

TJ1B11pOBaHHbIX MaTep11aJIOB RBJIReTCR ayToreHHaR 

K0CTHaR TKaHb - « 30JIOTOM CTaH,n;a PT » K0CTH03aMe

IIJ;aIOII.J;J1X Ma Tep11aJI0B [ 116], a rrepBorrp11qJ1HOJ1 MX 

pa3pa6oTKJ1 - He06XO,[(J1MOCTb C03,[(a Tb 3cpcpeKTJ1B

HY IO aJibTepHaT11By ayToreHHOM KOCTHOM TKaH11, 1..JT0 

M0r JI0 6bI IT03B0JIJ1Tb orpaHJ11..JJ1Tb J,1JIJ1 IT0JIH0CTbIO 0T

K a 3a Tb CR OT ee rrp11MeHeHJ1R. 

CJiomHOCTb cocTaBa 11 MexaHM3Ma ,n;ei1cTBMR aK

TMBMpoBaHHbIX OCTeOrrJiaCTJ11..JeCKJ1X Ma Tep11aJIOB rrpe

,n;o rrpe,n;eJIReT Heo6xo,n;11MOCTb rrpoBe,n;eHMR 6oJiee Trn;a -

T e JibHbIX CTaH,n;apT11311pOBaHHbIX ,[(OKJIJ1HJ11..JeCKJ1X li1C

CJie,[(OBaHJ1J1 C OT ,n;eJibHOM o~eHKOM aKTJ1BHbIX K0MIT0-

He HT0B ( cpaKTOpOB pocTa , KJieT0K J1JIJ1 reHHbIX K0HCT

p y K~MM) B acrreKTe 6e3orracHOCTJ1 11 6110Jior11qecKoro 

,n;e i1cTBMR. 

TaKMM o6pa3oM, rrpaKTJ11..JecKoe 3Ha 1..JeH11e pa3,n;e

Jie HMR BC ex OCTeOrrJiaCTJ11..JeCKJ1X Ma Tep11aJIOB Ha op

,[(MHa pHbie J1 aKTJ1B11pOBaHHbie B KOMITJieKce C ITOHJ1-

MaHMeM OCTeoreHHOM He,[(0CTa T01..JH0CTJ1 J1 yMeHMeM ee 

o~eHMTb (B TOM 1..JJ1CJie C ITOMOII.J;bIO 0,[(HOMMeHHOro J1H

,n;e KCa) C0CT0J1T B o6neKTJ1BJ13a~J1J1 BbI6opa Ha1160Jiee 

3cpcpeKTJ1BHOrO 113,ZJ;eJIMR ,[(JIR BOCITOJIHeHMR KOCTHbIX 

,n;e cpeKTOB B KOHKpeTHOM KJIJ1HJ11..JeCKOJ1 CJ1Tya~J1J1. 
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MCIIOJih30BAHME ,II,AEMf ATP AHA 3TEKCMJIATA B IIPO<l>MJIAKTMKE BEH03HhIX 
TPOME03MEOJIMqECKMX OCJIO)KHEHMM IIPM IIEPEJIOMAX ):J;JIMHHhIX KOCTEM 

HM)KHMX KOHEqHOCTEM 

A.M. MupoMaHoe 

rBOY BIIO « "9:v1Tv1HcKa.H r ocy,n;apcTBeHHaH Me,n;m.1;v1HcKa.H aKa,n;eMMH» Mv1H3,n;paBa P occv1v1 , "9:v1Ta, Pcf> 

flpoeeaeHO KOMnJleKCHOe auHaMUlieCKOe 06CJzeaoeaHUe 68 nau,ueHmO6 C nepeJZOMaMU afl UHHbLX 
Kocmeu HU:JICHux KOHe1mocmeu. flepey,o 2pynny Kfl UHUliecKow cpaeHeHuR cocmaeuJZ u 36 na
u,ueHmoe (cpeaHuil eo3pacm 36,3±1, 4 waa), npo(jJuJZaKmuKa eeHo3Hbtx mpoM603M6oJZ uliecKux 
OCJlOJICHeHUU KOmOpbLM npoeoauJZaCb napeHmepa!l bHbLMU aHmUKOacyflRHmaMU npRMOW aeu
Cm6Ufl c nocJ1eay10U<UM nepexoaoM Ha aHmawHucmbt eumaMuHa K. Bo emopou 2pynne (n=32; 
cpeaHUU 6O3pacm 39,3±2 waa) npOqJUJlaKmUKQ OCyU<eCm6fl.flfl aCb nepopa!l bHbLM aHmUKOacy
JlflHmOM aa6ucampaHa 3meKCUJ1 amOM. flpoaoJZ:»eUmefl bHOCmb npueMa aHmUKOacyflRHmO6 CO
cma6Ufl Q 30 aHeu. OmMelieHo, limo npuMeHeHue nepopaJZ bHOW aHmuKoa2yJZRHma aa6ucampa
Ha 3meKCUJZ ama npu nepeJZOMaX aflUHHbLX KOCmeu KOHeliHOCmeu o6ecneliU6aem 3qJqJeKmU6-
HbLU , npocH03UpyeM blU, cmoUKUU aHmUKOacyflRHmHblU 3qJqJeKm, He mpe6yem pymuHHOW KOH
mpOflfl napaMempoe KOacyfl5lU,UU, limo nO36OJl.flem peKOMeHaoeamb aaHHbLU npenapam K 6oJZ ee 
wupoKoMy npuMeHeHu/0 y nau,ueHmoe opmoneao-mpaeMamoJZ OWliecKow npo(jJuJZR. 

K Jl IO y: e Bbl e C Jl OB a: nepeJlOMbI ,11,JlHHHbIX KOCTevr, BeH03Hb[VI TpOM603, npoqnrnaKTH
Ka , ,11,a611raTpaHa 3TeKc1111aT. 

Use of Dabigatran Etexilate for Prevention of Venous Ihromboembolic Complications 
in Long Bone Fractures 

A.M. Miromanov 

Chi t a S tate Medical A cadem y , Chita , Russia 

Complex dynamic examination of 68 patients with fractures of lower extremities long bones. In 
first comparative group (36 patients, mean age 36.3±1.4 years) prevention of thromboembolic 
complications was peiformed with parenteral direct anticoagulants followed by vitamin K antag
onists. In second group (32 patients, mean age 39. 3±2. 0 years) dabigatran etexilate was used. 
Duration of anticoagulant therapy made up 30 days. It was noted that in fra ctures of long bones 
of the extremities application of dabigatran etexilate ensured effective, prognosticating, stable 
anticoagulant action and did not require routine control of coagulation parameters that enabled 
to recommend that drug for wider use in trauma and orthopaedic patients. 

Key wo rd s : long bones fractures , venous thrombosis, prevention , dabigatran etexilate. 

BBe,l].eH11e. A KTyaJibHOCTb BeH 03HbIX T p o M 608M60-

JIJ11q e c KMX OCJIO:>KHe HMM ( B T 3O) B T p a BMaT0JI0r MJ/1 M 
o p Torr e,IT,MJ/1 o rrpe ,n;eJI.HeTCH 3HaqJIITeJibHOM q a cTOTOM J/IX 

BO3HJ/IKHOBe H MH , CKpbITbIM KJIJ/IH JllqecKMM Teq e HMe M , 

T p y ,n;H0 CT b IO Jie qeHMH J/1 B b IC0KJ/IM y p o BHe M JieTaJib

H OCTJ/1 [1- 3). 
YcTaHOBJieH o, qTo qacTo Ta pa3BMTMH TpoM6o 3a 

r Jiy6oKMX BeH HJ/1:>KHJ/IX KOH e qHQCTei1 rrpM rrepeJI0Max 

K OCTei1 roJieHM ,[(0CTMra eT 7 7%, 6e,n;pa - 80%, rrpM 

MHO:>KeCTB eHH OH M coq eTaHHOM TpaBMe - 40-77%, 
rrpMqeM KJIJ/IH Jllq e cKM cpJie6 o TpOM603 B 80-85% CJiy

qaeB rrpoTeKa eT 6 ecCMMITT OMHO , a B 10% 0CJI0:>KHHeT

CH TpoM6o8M6oJIMe i1 JieroqHoi1 apTepMM [l , 3, 4]. TpoM-

6o3b I r Jiy6 o K MX BeH Be,n;yT K yBeJIW{eHMIO cpoKOB rrpe-

6 b IBaH MH 60JibHblX B CTaIJ;MOHa pe ' pa3BJ/ITJ/IIO xp0HJ/1-

qecKOH BeH0 3HOH He,n;ocTaToqHQCTJ/1 , HeraTMBHO CKa-

3 bIBaIOIIJ;ei1cH Ha Ka qecTBe :>KJ/13HJ/l 60JibHOrO [ 5' 6]. 
Pa3 B J/IBII1MeCH 0CJI0:>KHeHMR o6ycJIOBJIMBaIOT CHJ/1-

:>KeHMe pe3 y JibTa TJ/IBHOCTJ/1 orrepa TJ/IBHbIX BMellla-

70 

T e JibCTB J/1 Tpe6yIOT 60JiblllJ/IX 8K0H0MJllqecKMX 3a Tpa T 

Ha JieqeHMe [ 7 ]. B HaCTORIIJ;ee BpeMR y JiyqrneHMe pe-

3 y JibTa TOE JieqeHMH 3a6oJieBaHMH orropH0-,[(BJ/Ira TeJib

HOM CJ/ICTeMbl ,[(0CTMraeTCH He T0JibK0 COBepweHCTB0-

BaHJ/leM T e XHJ/IKJ/1 orrepaTJ/IBHbIX rroco6Mi1, J/ICIT0Jib30-

BaHJ/leM H0BbIX Jieqe 6HbIX TeXHOJIOrMi1 , HO M rrpocpM

JiaKTJllqecKMMJ/1 MeporrpMHTJ/IRMJ/1 C J/ICITOJib3OBaHMeM 

C0BpeMeHHbIX JieKapCTBeHHbIX rrperrapaT0B. B PocCMM , 
K C0:>KaJieHMIO , rrpocpMJiaKTJ/IKa BT3O rrpM TpaBMax 

orropH0-,[(BJ/Ira TeJibH0r0 arrrra pa Ta H0CJ/IT peK0MeH,n;a -

T e JibHbIM xapaKTep [3 , 8] , a IT0T0MY rrp0B0,ZJ;J/ITCH ,n;a 

JieK0 He y BCex rrau;MeHTOB. 

C He,n;aBHero BpeMeHM Ha 0TeqecTBeHH0M pbIHKe 

Me,ZJ;MIJ;J/IHCKJ/IX rrperra pa T0B IT0HBJ1JIJ/1Cb rrepopaJibHbie 

aHTJ/IKOary JIHHTbI, O,ZJ;HJ/IM J/13 KOTOpbIX RBJIHeTCH ,n;a -

6Mra TpaHa 8TeKCMJiaT (Ilpa,z:i;aKca®; perMCTpau;M0HH0e 

y,z:i;oCT0BepeHMe JIII 000872-181011) - rrpe,n;CTaBJ/1 -

TeJib rrpHMbIX J/1HfJ16MTOpOB TpOM6MHa [ 9]. Ha3Ha qa T b 

rro,z:i;o6Hhle rrperrapaThl peK0MeH,n;yeTCR T0JibK0 rrpM 
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opT6ne,n;MT..J:eCKJ1X onepa~MJIX [ 8], o,n;HaKo, YT..J:MTbIBaR 

,n;oKa3aHHYIO 3<p<peKTJ1BHOCTb ,n;a61,1raTpaHa 3TeKCJ1Jia

Ta npM opTone,n;MT..J:eCKMX 3a6oJieBaHMRX, nepcneKTMB

HblM RBJIReTCR ero J1CnOJib30BaHMe J1 B ypreHTHOM 
TpaBMa TOJIOrMM. 

UeJib MCCJie,n;oBaHMR - o~eHMTb 3<p<peKTMBHOCTb 

n pMMeHeHMR ,n;a6MraTpaHa 3TeKCMJiaTa B npo<pMJiaK

TMKe BeH03HbIX TpOM603M60JIMT..J:eCKJ1X OCJIOmHeHMM 

n pM nepeJIOMax ,n;JIMHHbIX KOCTeM KOHeT..J:HOCTeM. 

TIAQMEHTbl J1 METO)J,bl 

B pa6oTe C na~MeHTaMM co6JIIO,n;aJIM 3TMT..J:eCKMe 

rrpMH~MnbI, 3aKpenJieHHbie XeJibCMHKCKOM ,I(eKJiapa

LI;MeM BceMMpHOM Me,n;MLI;MHCKOM accou;Mau;MM (World 

M edical Association Declaration of Helsinki (1964 , 

2011 - nonpaBKM) 1,1 IlpaBJ1JiaMJ1 KJIMHMT..J:eCKOM npaK

TJ1KJ1 B PoccMMCKOM <Pe,n;epau;MM, YTBepm,n;eHHbIMM 

IlpMKa3oM N<;~ 266 MMH3,n;paBa pep OT 19.06.2003. 

II poBe,n;eHO KOMnJieKCHOe KJIMHMT..J:eCKOe o6cJie,n;o

BaHMe 68 nau;MeHTOB c n epeJIOMaMM ,n;JIMHHbIX KOCTeM 

HJ1)KHJ1X KOHel..fHOCTeM. fpynrry cpaBHeHMR COCTaBJ1JIJ,1 

36 na~MeHTOB ( cpe,n;HMM B03pacT 36 ,3 ± 1,4 ro,n;a), npo

<pMJiaKTMKa BT3O KOTOpbIM npOBO,n;MJiaCb na peHTe

p aJibHbIMM aHTMKOary JIRHTaMM npRMOro ,n;eMCTBMH 

(3 HOKCanapMH HaTpMH) C nocJie,n;yIOUJ;MM rrepexo,n;OM 

Ha aHTarOHMCTbl BJ1TaMJ1Ha K (BapcpapMH). Ilau;MeH

TaM OCHOBHOM rpynrrbl (32 T..J:eJIOBeKa ; cpe,n;HMM B03-

p aCT 39,3±2 ro,n;a) Ha3HaT..J:aJIJ1 nepopaJibHbIM aHTMKO

aryJIRHT ,n;a61,1raTpaHa 3TeKCMJiaT (Ilpa,n;aKca®l). 

Pe3yJihTaTbI 1,1ccJie,n;oBaHJ1M cpaBHMBaJIM c noKa-

3aTeJIRMM 30 3,n;OpOBbIX ,n;oHopoB B B03pacTe OT 18 ,n;o 

40 JieT. 

B pa6oTe MCnOJib30BaJIJ1 KJiaCCM(pMKa~MIO 

M .E. MIOJIJiepa 1,1 coaBT. [10] (Ta6JI. 1). 

BceM 60JibHbIM C 3aKpbITbIMJ1 nepeJIOMaMM npM 

rrocTynJieHMM BbITIOJIHRJIM OTKpbITYIO penO3MLI;MIO OT

JIOMKOB C nocJie,n;yIOUJ;MM <pyHKLI;MOHaJibHbIM MeTaJI

JIOO C TeOCJ1HTe3O M nJiaCTMHaMM J,1JIJ,1 llITM<pTaMM. 

y rrau;MeHTOB C OTKpbITbIMJ,1 rrepeJIOMaMM npoBO,n;M

JIJ,1 nepBMT..J:HYIO XMpyprMT..J:ecKyIO o6pa60TKY' HaJIO

m eHMe anna pa TOB Ha pymHOM (pMKCaLI;MM J,1 a,n;eKBa T

HOe ,n;peHMpOBaHMe. BpeMR C MOMeHTa noJiyT..J:eHMH 

TpaBMbl ,n;o onepau;MM npM OTKpbITbIX nepeJIOMax He 

npeBbilllaJIO 2 T..J: , npM 3aKpbITbIX - 6-8 l..f . Ilau;MeH

Tbl 06e1,1x rpynn 6bIJIJ1 conocTaBMMbl no B03pacTy, 

HO 3 OJIOrMT..J:eCKMM cpopMaM, pacnpocTpaHeHHOCTJ1 

na TOJIOrMT..J:ecKoro npou;ecca 1,1 npoBo,n;MMOMY onepa

IJ;MOHHOMY JieT..J:eHMIO. B CBR3M c oTcyTCTBMeM cTa TM

C T MT..J: e C KM 3Ha l..fMMbIX pa3JIJ1T..J:J1M no M3yT..J:aeMbIM 

na paMeTpaM 60JibHbie C 3aKpbITbIMJ1 J,1 OTKpbITblMM 

nepeJIOMaMM ,n;JIMHHbIX KOCTeM HJ1)KHJ1X KOHeT..J:HOC

TeM o6oe,n;MHeHbI B o,n;Hy rpynny. 

B paHHeM nocJieonepa~MOHHOM nepMo,n;e rrpoBo

,n;MJIM Tpa,n;M~MOHHYIO KOHcepBaTMBHYIO TeparrMIO 

(aHTM6aKTepMaJibHbie cpe,n;CTBa, MeCTHOe Me,n;MKa

MeHT03HOe JieT..J:eHMe). IlpotjmJiaKTMKY BT3O ocy

~ecTBJIHJIM cJie,n;yIO~MM o6pa3oM: B rpynrre cpaB

H e HMR no,n;KO.tKHO BBO,n;MJIM 3HOKCarrapMH HaTpMH 

(KJieKcaH®) B ,n;o3e 40 Mr T..J:epe3 12 T..J: rrocJie orrepa

~MM , 3aTeM 40 Mr 1 pa3 B cyTKM B TeT..JeHMe 10 ,n;HeM. 

CnycTR 5 ,n;HeM rrpMeMa 3HOKcarrapMHa HaTpMH Ha

T..J:MHaJIM rro,n;6op ,n;03bl aHTarOHMCTOB BMTaMMHa K -

Ba pep a pr-rna. Ila peHTepaJibHOe BBe,n;eHMe aHTMKOa

ry JIHHTa npeKpa~aJIM ITOCJie ,n;OCTMmeHMH IIOKa3a

TeJIR MHO 2,0-3 ,0 B ,n;Byx rrocJie,n;oBaTeJibHbIX aHa

JIM3 ax , B3HTbIX C MHTepBaJIOM B cyTKM. B OCHOBHOM 

rpynne Ha3HaT..JaJIM ,n;a6MraTpaHa 3TeKCMJiaT rrep

opaJibHO no 220 Mr 1 pa3 B cyTKM, rrpMT..JeM rrepBblM 

pa3 rra~MeHTbI rrpMHMMaJIM rrperra pa T T..Jepe3 4 T..J IIOC

Jie orrepa~MM B nOJIOBMHHOM cyTOT..JHOM ,n;o3e ( 110 Mr). 

IlpocpwJiaKTMKY BT3O B o6eMx rpyrrrrax ocy~ecTB

JIHJIM B TeT..JeHMe 30 ,n;HeM ITOCJie orrepaTMBHoro BMe

wa TeJibCTBa. 

B MCCJie,n;oBaHMe He BKJIIOT..J:aJIM nau;MeHTOB C rpy -

6oM conyTCTBYIO~eM naTOJIOrMeM, cnoco6ttoM noBJIM

RTb Ha ou;eHKY pe3yJibTaTOB , a T aKme JIMLI; meHCKOro 

noJia B nepMo,n; mensi s. 

TpoM603bl r Jiy6oKMX BeH HJ1)KHJ1X KOHeT..JHOCTeM 

MCKJIIOT..J:aJIMCb C nOMO~bIO y JibTpa3BYKOBOM ,n;onnJie

porpa<pMM, KOTopyIO BbITIOJIHRJIM Ha 2-e cyTKM nocJie 

onepaTMBHOro BMelllaTeJibCTBa. ,I(aJiee COCTOHHMe na

I.J;MeHTOB KOHTpOJIMpOBaJIM KJIMHMT..J:eCKM. 

B Ka T..J:eCTBe Jia6opa TOpHoro KpMTepMH 3<p<peKTJ1B

HOCTJ1 npo<pMJiaKTMKJ1 aHTMKo ary JIRHTaMM MCnOJib3O

BaJIJ1 noKa3aTeJib aKTMBMpOBaHHOro T..J:aCTMT..J:HOro TpOM-

6onJiaCTJ1HOBOro BpeMeHM (A TITB) [ 11]. TaKme ou;e

HMBaJIM COCTOHHMe MMKpou;MpKy JIHTOpHoro pycJia C 

nOMOUJ;bIO HeMHBa3MBHoro MeTo,n;a Jia3epHOM ,n;onnJie

pOBCKOM <pJIOyMeTpMM (JI,I(<P), onpe,n;eJIRR n o Ka3aTeJib 

MMKpo~MPKY JIR~MM (TIM ). McnoJib30BaJIM anna pa T 

JIAKK-02 (HIIII «Jla3Ma », PoccMH ). ,I(aTT..JMK ycTaHaB

JIMBaJIM ITO nepe,n;HeM noBepxHOCTM npOKCMMaJibHOM 

T..J:aCTM nepBoro MemnJIIOCHeBoro npoMemyTKa nopa

meHHOM KOHeT..J:HOCTJ,1 . MccJie,n;oBaHMe npOBO,n;MJIM 

B o,n;HO J,1 TO me BpeMR npM o,n;MHaKOBOM TeMnepaType 

B noMew;eHMM (21 °C ) B TeT..J:eHMe 7-10 MMH. Ilepe,n; MC

cJie,n;oBaHMRMM MCnbITyeMbie He npMHMMaJIM nM~Y J,1JIJ,1 

HanMTKM, He KYPMJIM [12]. 

MccJie,n;oBaHMR ocy~eCTBJIHJIM npM nocTynJieHMM, 

Ha 2 , 5, 10 M 30-e cyTKM nocJie onepaTMBHOro BMerna

TeJibCTBa. 

,I(JIR ou;eHKM nCMXOJIOrMT..J:eCKOro COCTOHHMH nau;M

eHTOB MCnOJib30BaJIM onpOCHMKa CnMJI6eprepa -

XaHMHa. TeCTMpOBaHMe BbITIOJIHRJIJ,1 BCeM na~MeHTaM 

Ta6n. 1. Pacnpe,n,eneH111e nau,111eHTOB no xapaKTepy III n0Kan1113au,111111 nepenoMoa 

fpyrrrra 

CpaBHeHMJI 

OcHOBHaJI 

OTKpbIThie rrepeJI0Mhl 

I02, MT2, NTl I03, MT2, NTl I04, MT3, NTl 

7 

6 

7 

7 

1 

1 

71 

32A2 

2 

2 

3aKpbIThie rrepeJI0MbI 

33C2 

1 

1 

41C2 

3 

2 

42A2 

8 

7 

42Cl 

7 

6 

lilToro 

36 
32 
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ITepe,n; OITepaT11BHbIM BMernaTeJibCTBOM, q ep e3 10 11 

30 ,IJ;Hew ITOCJie Hero. 

CTa Tli1CT11q ecKyIO o6pa60TKY ,n;aHHbIX ITp OBO,D;11JI11 

c ITOMOIIJ;hIO ITaKeTa ITporpaMMhI BIOSTAT . .Il:JIH oIT11-
caH11H xapaKTep a pacITpe,n;eJieH11H KOJI11q ecTBeHHhIX 

ITapaMeTpoB OITp e,IJ;em u rn cpe,IJ;H11e BeJI11q11HhI (M ) 11 

11X CTaH,IJ;apTHhie OTKJIOHeH11H (SD ) . .II:a HHhie ITau;11eH

TOB B pa3Hhie cpOK 11 ITOCTTpaBM a T11q ecKoro ITe p 11O,n;a 

cpaBH11BaJI11 c ITOMOIIJ;hIO Kp11Tep 11H HhIOMeHa - K eu

Jica. .Il:JIH MemrpyITITOBOro cpaBHeH11H KOJI11q ecTBeH

HhIX ITOKa3a TeJieJ/1 11CITOJib3OBaJI11 K p 11T e p 11u M a H Ha -

Y 11TH11, Ka qecTBeHHhIX - x2
. P a3JI11q 11H cq 11TaJI11 cTa 

T11cT11qecK11 3Haq11MbIM11 ITP11 p < 0, 0 5. 

PE3 Y JlhT AThl 

B 1-e cyTK11 ITOCJie Tp aBMhI ypoBeHb A qTB B rpy IT

ITe cpaBHeH11H 6hIJI H11me, qeM B KOHTpOJie B 1, 1 pa3a , 

a IIM - B 2 pa3a (p< 0,0 5 ), He OTJI11q aHCh OT aHaJio

rnqHhIX ITOKa3aTeJieJ/l OCHOBHOJ/1 rpy ITITbI (Ta6JI. 2). 

Ha 2-e cyTK11 ITOCJie oITepau;1111 A qTB 11 IIM B 06e-

11x rpyITITax ocTaBaJI11ch He113MeHHhIM11 ITp11 coIToc

TaBJieH1111 C 1- M11 cyTKaM11 ITOCJie TpaBMbI. B OCHOB

HOJ/1 rpyITITe Ha 8TOM c p o Ke 3atj:rnKc11p o Ba H O ITOBbIIIle 

H11e A qTB B 1, 1 pa3a OTHOC11TeJihHO r pyITIThI cp aBHe

H11H (p<0 ,01). K 5- M cyTKaM 3HaqeH11e A qTB cTaT11c 

Tw-iecK11 3Ha q11MO ITOBbIC11JIOCb ITO cpaBHe H 11IO KaK C 

ITepBbIM ,IJ;HeM ITOCJie T paBMb I , TaK 11 C KOHTpOJieM T OJib 

KO B OCHOBHOJ/1 rpyITITe. K 10- M cyTKaM B OCHOBHOJ/1 

rpyITITe perncTp11p oBaJI11 ITOBhillleH11e A qTB (p<0, 03, 

CM. Ta6JI. 2), TOr,n;a KaK Ha 30 - e cyTK11 y BeJI11qeH11e 

A qTB, HaITpoT11B, p erncTp11poBaJI11 B rpy ITITe cp aB

HeH11H (p< 0,0001). q TO KacaeTCH IIM, TO Ha 5, 10 11 

30-e cyTK11 ITOCJieoITepau;110HHOro ITep110,n;a pa3H11IJ;hI 

Mem,n;y rpyITITaM11 He BbIHBJieHO ( CM. Ta6JI. 2). 

II p11eM ,n;a611ra TpaHa 8TeKc11Jia Ta xa p aKTep 113oBaJI

CH 0TcyTcTB11eM BT3O 11 Kp oB0Teq eH11w, Tor,n;a KaK B 

rpyITITe 60JibHbIX, ITp11H11MaBlll11X Bapcpap11H, B 1 CJiy

qae 3a per11cTp11poBaHO pa3B11T11e H OCOB Or o Kp OBOTe 

qeH11H Ha 20 - e cyTK11 ITOCJie oITep au;1111. 

AHaJI113 ,IJ;aHHhlX aHKeT11p oBaH11H ITO oITpocH11Ky 

CIT11JI6eprepa - XaH11Ha ITep e,IJ; OITepau;11eu B rpy ITITe 

cpaBHe H 11H BbIHB11JI oqeHh BbICOKYIO TpeBOJKHOCTb 

(OBT) y 15,6% ITau;11eHTOB, BhICOKYIO TpeBOJKHOCTh 

(BT) y 73 ,9% , cpe,IJ;HIOIO TpeBOJKHOCTh (CT) y 10,5%. 
IIoKa3a T e JI11 OCHOBHOJ/1 rpyITITbI OKa3aJI11Cb COIIOCTa

B11MbI 11 COCTaB11JI11 15,9, 74,211 9 ,9% COOTBeTCTBeHHO. 

Ha 10-e cyTK11 ITOCJie oITepau;1111 B rpyITITe cpaBHeH11H 

BT 3acp 11Kc11poBaHa y 4 7 ,2% ITau;11eHTOB , CT -

y 52, 8% , TOr,IJ;a KaK B OCHOBHOJ/1 rpyITITe BT per11cTp11-

poBaJI11 B 15,6% Ha6JIIO,n;eH11w, CT - B 40,6% , H113KYIO 
TpeBOJKHOCTh (HT) - B 28 , 1 % 11 oqeHh H113KYIO Tpe

BOJKHOCTh (OHT) - B 15 ,6% (p<0 ,05). IIp11 KOHT

pOJibHOM aHKeT11poBaH1111 qepe3 1 Mee ITOCJie orrepa-

11;1111 B rpyITITe cpaBHeH11H CT ,n;11arHOCT11poBaJIM y 

19, 4% o6cJie,n;oBaHHhIX , HT - y 66 ,7% , OHT -

y 13, 9%. B OCHOBHOJ/1 rpyITITe COOTBeTCTBYIOIIJ;Me ITO

Ka3aTeJIM COCTaBMJIM 3 , 1, 34 ,4 11 62,5% (p<0 ,05 ). 

06CYJK,UEH11E 

McITOJih3yeMhie HaM11 ITOKa3a T e JIM COCTOHHMH CMC 

TeMhI reMOCTa3a ,D;OCTOBepHO OTpamaIOT Teqe HMe ITpO

u;eccoB TpoM6oo6pa3oBaHMH [ 13, 14 ]. 
I13MeHeHMe ITOKa3aTeJiew A qTB 11 IIM B 1-u ,IJ;eHb 

TpaBMbI ITPM ITep eJIOMax ,D;JIMHHbIX KOCTeJ/1 KOHeqHoc

TeJ/1 ITpOMCXO,D;MT BCJie,IJ;CTBM e TOTaJihHOrO CITa3Ma co

cy )];OB [ 2, 12], qTo MOJKeT 6bITb CBH3aHO c OTBeTOM 

o praHM3 Ma Ha CTpecc M xa paKTepHO ,IJ;JIH ITepBOM CTa

,IJ;MM a,IJ;aITTaLI;MOHHOro CMH,n;poMa [ 15 ]. Ha 2-e cyTKJ1 

ITOCJie OIT e paT11BHOro BMe lllaTeJihCTBa M3yqaeMhie ITa

p a M e TpbI H e OTJI11qaJI11Cb OT ITOKa3aTeJieM ITepBbIX cy

TOK, qTo TaKme o6ycJIOBJieHO CTpeccoM, B pOJIM KOTO

p or o BhICTyITaJia oITepau;MH [ 15 ]. KpoMe Toro, rrepeJio

MhI ,lJ;JI11HHbIX K OCTe J/1 KOH e qHOCTe J/1 M orrepau;MOHHaH 

T paBMa COITpOBom,n;aIOTCH MexaH11qeCKMM IIOBpem,IJ;e 

H 11eM c o cy,n;o B C HapyrneH11e M MaKpO- 11 M11KpOLI;11pKy

JIHLI;1111 11 HBJIHIOTCH MOIIJ;HbIM cpaKTOpOM aKT11Bau;1111 

OK11CJI11Te JihHbIX 11 11MMYHHbIX ITpou;eccoB, qTo CJiy

JK11T ,IJ;OITOJIH11TeJihHbIM ITpe ,D;pacITOJiaraIOIIJ;11M cpaKTO

poM K Ha p y IIleH11IO ITpou;eccoB CBepTbIBaH11H KpOBJ1 

[12 , 14, 16]. 
3Ha q11Moe OT JI11q11e A qTB B OCHOBHOJ/1 rpyITITe ITPM 

COITOCTaBJieH1111 C rpyITITO J/1 cpaBHeH11H Ha 2-e cyTKJ1 

Ta6n. 2. ,D,111HaM111Ka n o Ka3aTe11R A'-ITB 111 nM y n a u,111eHTOB c nepe110MaM111 ,n,11111HHbtx Kocrevt Hll1>KHll1X KOHel../HOCTevt (M±SD) 

IloKa3a TeJih CpoK li1CCJie,n;oBamrn fpynna cpaBHeHJi1.H OcHOBHa.H rpynna 

KoHTpOJib (n= 30) 36 ,02± 2,06 

1-e cyTKI1 IIOCJie TpaBMhl 33,9±3,16 1 34,1±3,48 1 

A"9:TB, C 
2-e cyTKM rrocJie orrepau;1111 34 ,6±3,26 1 37±4,28 6 

5-e cyTKM rrocJie orrepau;1111 36 ,9±4,07 38,8±5,40 1
• 

2 

10-e cyTKM rrocJie orrepau;1111 39,6±5,07 1
• 

2
• 

3 43, 7±9,60 1
• 

2
• 

3
• 

4
• 

6 

30-e cyTKM rrocJie orrepau;1111 64,9± 15,90 1
• 

2
• 

3
• 

4
• 

5 53,2±10,90 1
• 

2
• 

3
• 

4
• 

5
• 

6 

K oHTp OJih (n=30) 4,81±1 ,25 

1-e cyTKI1 IIOCJie TpaBMhI 2,38±1,34 1 2,39±1,37 1 

TIM, rrepcp. e~. 
2-e cyTKM rrocJie orrepau;1111 2,45±0,65 1 2,59±1,15 1 

5-e cyTKI1 rrocJie orrepau;1111 4,43±1,48 1
• 

3 4,41±1,53 2
• 

3 

10-e cyTKM rrocJie onepau;r,rn 4,85±1,54 2
• 

3 4,59± i ,38 2
• 

3 

30-e cyTKM rrocJie onepau;1111 4,87±1,41 2
• 3 4,76±1,02 2

• 
3 

II p I1 M e q a H 11 e . .II:ocTOBepHOCTb pa3JI11qm1: 1 - no cpaBHeHvIIO C KOHTpOJieM; 2 - C 1-Mvl cyrn:aM11; 3 - co 2-Mvl cyTKaM11 ; 
4 - C 5-Mvl cy TKaMvI, 5 - C 10-Mvl cyTKaMvI ITOCJie orrepau;1111; 6 - C rpyrrrroM cpaBHeHvI.H. 
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CBH3aHO C 6bICTpbIM pa3BMTMeM cpapMaIWJIOrMqecKO

ro 3cpcpeKTa ,z:i;a6Mra TpaHa ::neKCMJia Ta' KOTOpbIJ1 rrpM

HMMaJIM qepe3 4 q Il0CJie orrepaQMM [8]. 

K 5-M cyTKaM MCCJie,z:i;yeMbie Il0Ka3aTeJIM B rpyrr

rrax He pa3Jir1qaJir1cb , qTo cBr1,n;eTeJibCTByeT o corro

cTaBMM0M 3cpcpeKTe rrpMMeHHeMbIX rrperra pa T0B [ 1 7' 

18]. Ha cpoHe K0HcepBaTMBH0ro JieqeHMH Kyrrr1pyeT

CH cocy,z:i;MCTbIJ1 crra3M, BCJie,ZJ;CTBMe qero B03pacTaeT 

rrpMT0K Kp0BM K Il0Bpem,z:i;eHH0MY cerMeHTY K0Heq

HOCTM M Mo,z:i;y JIMpyeTCH CMCTeMHbIJ1 OTBeT opraHM3-

Ma. Y cr1JieHr1e HYTPMTMBHoro KpoBoo6paI..I..J;eHMH yc

KOpHeT 3.JIMMMHaQMIO rrpo,n;yKTOB TKaHeBoro pacrra

,n;a [12], Il0BbIWaeT 3cpcpeKTMBHOCTb MMMYHHbIX pe

aKQMJ1 [19]. 
Ha 10-e cyTKM rrocJie orrepau;r1M rroKa3a TeJib A "9:TB 

rrpeBbIWaJI KOHTpOJibHbie 3Ha qeHMH, qTo yKa3bIBaeT 

Ha pa3B!1TMe rMITOKOary JIHLI;MM Ha cpoHe rrpr1MeHeHMH 

aHTMK0ary JIHHT0B M 0TCYTCTBMe TpOM60TJ1qecKMX oc

JIO:>KHeHMM [2 , 13]. MOI..I..J;HbIJ1 aHTMTpOM60TJ1qecKMJ1 

3cpcpeKT rrpHMbIX MHrM6MTOpOB TpOM6MHa o6ycJIOBJieH 

MX oco6bIM 6.JIOKMpyIOI..I..J;MM ,n;eHCTBMeM Ha TpOM6MH 

(KJIIOqeBOJ1 6eJIOK, yqacTBYIOI..I..J;MH B rrpou;ecce CBep

TbIBaHMH KpOBM), rrpMqeM He T0JibK0 Ha CB060,ZJ;HbIJ1, 

HO M Ha CBH3aHHbIJ1 C TpOM60M [20]. H o pMaJIM3aQMH 

IIM CBM,ZJ;eTeJibCTByeT 06 yMeHbilleHMM 3aCT0H Kp0BM 

r1 yJiyqrneHMM MeCTHoro KpOBoo6paI..I..J;eHMH, qT0 corrpo

B0:>K,IJ;aeTCH HOpMaJIM3au;Mett rrpou;eccoB aHrMoreHe3a 

M perrapau;r1r1 [12 , 14]. 

3Haqr1Moe pa3Jir1qJ1e rroKa3aTeJiett A "9:TB M o6'beK

TMBHbre KJIMHr1qecKr1e ,z:i;aHHbie ( 0TcyTcTBMe BT3O M 

K pOBOTeqeHMJ1 B OCHOBHOJ1 rpyrrrre) K 30 -M cyTKaM 

IlOCJieorrepau;r10HHOrO rrepMo,n;a IlO,ZJ;TBepm,n;aIOT TOT 

cpaKT' qTo B OT JIJ,1qJ1e OT aHTar0HMCT0B BMTaMMHa K 
,r:i;a6r1ra TpaHa 3TeKCMJia T 06ecrreqr1BaeT 3cpcpeKTMB

HbIH, rrporH03MpyeMbIJ1 J1 CTOJ1KMJ1 aHTMKOary JIHHT

HbIJ1 3cpcpeKT. IIperrapaT He B3 aMMO,ZJ;eJ1CTByeT C IlM

w;eBbIMM rrpo,z:i;yKTaMM , rrpaKTJ1qecKM He B3aMMO,ZJ;eM 

CTByeT c JieKapcTBaMM, He Tpe6yeT PYTMHH0ro K0HT

p oJIH rra paMeTpOB Koary JIHQMM M KoppeKTMpOBOK ,ZJ;03bl 

[ 17, 18, 20]. 

II PM 60.Jiee ,z:i;eTaJibH0M paCCM0TpeHMM ,n;aHHbIX aH

K e TMp0BaHMH 0TMeqeH0, qTo 0CH0BHbie 6ecrrOKOJ1CTBa 

6 0.JibHbIX rpyrrrrbI cpaBHeHMH 6bIJIJ,1 CBH3aHbI, B0-rrep

BbIX, C ,IJ;JIMTeJibHOJ1 rro,n;6opKOJ1 OilTMMaJibHOM ,ZJ;03bl 

Bapcpapr1Ha, B0-BT0pbIX, C Heo6xo,r:i;MMbIM K0HTp0JieM 

rroKa3a TeJieH CBepTbIBaHMH Ha aM6y Jia T0pH0M 3Tarre. 

'9:TO KacaeTCH pe3yJibTaTOB aHKeTMpOBaHMH, IlOJiyqeH

HbIX Ha 30-e cyTKM, TO rrpaKTMqecKM ,IJ;Be TpeTM rrau;r1-

e HTOB yKa3aJIM Ha 3Haqr1TeJibHbie Tpy,n;HOCTM rrpr1 

B bIIl0JIHeHMM Jia6opaTOpHoro K0HTP0JIH, K0T0pbre 

6 bIJIM CBH3aHbI KaK C C0QMaJibHbIMM ycJIOBMHMM, TaK 

J,1 C oco6eHHOCTHMM opraHM3aQMJ1 Il0M0I..I..J;M Ha aM6y

Jia T0pH0-Il0JIMKJIMHJ1qecK0M 3Tarre. 

TaKMM o6pa30M, 3cpcpeKTMBHOCTb ,n;a6r1ra TpaHa 

:3TeKCMJia Ta BbIWe ' qeM y aHTar0HMCT0B BMTaMMHa K 
( Ba pep a pMH) M C0il0CTaBMMa C TaKOBOJ1 H!13K0M0JieKy

JIHpHbIX rerrapMH0B rrpr1 rrpocpMJiaKTMKe BT3O He 

T0JibK0 Il0CJie opTorre,n;r1qeCKMX orrepaQMH, HO M rrpM 

OCTpOH TpaBMe. ,UaHHbIJ1 cpaKT Il03BOJIHeT peKOMeH

,IJ;0Ba Tb rrperra pa Ta II pa,n;aKca ® K 60.Jiee WMp0K0MY 
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rrpMMeHeHMIO y rrau;MeHT0B opTorre,z:i;o-TpaBMa T0JI0rM

qecKoro rrpocpMJIH. 
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Bee TepMMHbI M orrpe,v,eneHJ1H ,v,onJK.HbI 6bITb Hay 1:.rno ,D,OCTOBepHbI, J1X Harr:vicaHMe (KaK pyccKoe, TaK M 

naTMHCKOe) ,v,onmHO COOTBeTCTBOBaTb «3HIJ;J1Knorre,v,wieCKOMY cnoBapro Me,D,J1IJ;MHCKJ1X TepMMHOB » (B 3-x 
TOMax, rro,v, p e,v,. aKa,v,. B .B . IleTpoBcKoro ). 

JleKa pCTBeHHbie rrperra pa Tbl ,D,OnJK.HbI 6bITb rrpMBe,D,eHbI TOnbKO B Mem,v,yHa pO,D,HbIX Herra TeHTOBaH
HbIX Ha3BaHMHX, KOTOpbie y rroTp e6nHIOTCH rrepBbIMJ1 , 3aTeM B cnyqae Heo6XO,D,MMOCTM rrpMBO,D,MTCH He
CKOnbKO TOprOBbIX Ha3Ba H J1M rrpe rrapaTOB , 3aperJ1CTpJ1pOBaHHbIX B PocCMJ1 (B COOTBeTCTBMM C J1HcpopMa

IJ;MOHHO- ITOMCKOBOM CM CTeMOM «K n :vicpap-rocpeecTp » [focy,v,apCTBeHHbIM peecTp neKapCTBeHHbIX 
cpe,D,CTB]). 

JKenaTenbHO, qT06b1 HarrMcaH:vie cpepMeHTOB cooTBeTCTBOBano cTaH,v,apTy Enzyme Classification, 
Ha3BaHMH Hacne,v,yeMbIX :vinM ceMeMHbIX 3a6oneBaHMM-Mem,v,yHapo,v,HoM Knacc:vicpJ1Kau;J1:v1 Hacne,v,ye
MbIX cocTOHHMM y qenoBeKa (Mendelian Inheritance in Men [http://ncbi.nlm.nih.gov/Omim]). 

H a3BaHJ1H Ml1Kp oopraHJ13MOB ,D,OnJK.HbI 6bITb BbIBepeHbI B COOTBeTCTBJ1J1 C «3HIJ;MKnorre,v,:viqecKJ1M 
cnoBapeM Me,D,J1IJ;J1HCKJ1X TepMMHOB » (B 3 TOMax, rro,v, pe,v,. aKa,v,. B .B . IleTpoBcKoro) MnM no J13,D,aHJ1IO 
«M e,v,J1IJ;J1HCKa.r1 MJ1Kpo6J1onorJ1.r1» (rro,v, pe,v,. B.M. IloKpOBCKoro ). 

HarrJ1caHJ1e <P.M.O. aBTopoB, yrroMJ1HaeMbIX B TeKcTe, ,v,onm.Ho cooTBeTCTBOBaTb crrJ1cKy nMTepaTypbI. 
IlOMJ1MO 06IIJ;errpJ1HHTbIX COKpaIIJ;eHJ1M e,D,MHJ1IJ; J13MepeHMH, (pJ13J1qecKJ1X, XJ1MJ1qecKJ1X J1 MaTeMaTJ1-

q ecKJ1X BenJ1q J1H J1 TepMMHOB (Harrpv1Mep, ,UHK), ,v,orrycKaIOTCH a66peBMaTypbI cnoBocoqeTaHMM, qacTo 
ITOBTOpHIOIIJ;J1XCH B TeKCTe. Bee BBO,D,MMbie aBTOpOM 6yKBeHHbie o603HaqeHJ1H M a66peBJ1aTypbI ,v,onmHbI 
6bITb pacurncppoBaHbI B TeKCTe rrpM J1X rrepBOM yrrOMJ1HaHJ1J,1. He ,v,orrycKaIOTCH COKpaIIJ;eHJ1H rrpOCTbIX 
cn oB, ,v,ame ecnM OHJ1 qacTO ITOBTOpHIOTCH. 

,U03bl neKa pCTBeHHbIX cpe,D,CTB, e,D,J1HJ1IJ;bl v13MepeHJ1H J1 ,v,pyrMe qJ1cneHHbie BenJ1qJ1HbI ,D,0nJK.HbI 6bITb 
y Ka3aHbI B cMcTeMe CM. 
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CKPMHMHfOBAH ,IIJIAfHOCTMKA CKOJIM03A 
METOLJ;OM KOMIIhlOTEPHOM CTAEMJIOMETPMM 

O.J(. J(aeb1aoe) A.H. MoHmwzeJ 10.B. MapLtyKJ A.A. MoHmu.fle 
fBY3 co ,r:i;e TCKa.H KJIMHvP-I eCKa.H 60.Jib HMI.J;a B OCC T aHOBMTeJibHOro Jiet.J: e HM.H 

«H ayt.J:HO- npaKTMt.J: e CKMM u;e ttT p « B o tty M », EKaTe pMtt6ypr , P<l> 

Q6c;zeaoeaHO 47 MOJJOa btX flloaeu 8 803p acm e 18-20 JJ em, U3 HUX 11 '-teJJ OBeK C auacHOCmUpO

eaHHblM uauonamu11ecKuM CK0JJ U030M I u II cmeneHu (2pynna <<CKOJJ U03>>) u 36 '-tefl oeeK 6e3 
opmoneau11eCKOU U He8pOJJ0 2U '1 eCKOU namoJJ OcUU ( 2py nna <<HOpMa>>). H cnOJJ b3 08QH Memoa KOM

nblOmepHOU cma6uJJOMempuu. floJJy l.f eHbl cpyHKU,UOHaJJ bHbte 3Q8UCUM0Cmu, xapaKmepu3y,014ue 
pacnpeaeJJeHUe CKOp ocmeu aeu:>1CeHUR U,eHmpa aaeJJeHUR CmOn HQ noeepXHOCmU OnOpbl 80 

cppoHmaJJbHou nJZocKocmu, omJJ u'-ta1014uern napaMempu'-tecKu y o6cJJ eayeMbtX o6eux 2pynn. 
B blRBJJeH auacHOCmUit eCKUU npU3HQK - KOJJ U'-t eCm BO UHmepeaJl OB aeu:>ICeHUR C nocmORHHblMU 

cKopocmRMu aJZumeJJ bHocmblO 0, 02 c, no3BOflRIOL«UU omHecmu 06cJJ eayeM020 K 2pynne pucKa 
no cKoJJuo3y. KnuHu '-t ecKaJl anpo6au,uR cnoco6a aua2HocmuKu npoeeaeHa e aeyx 2pynnax 
aemeu (no 12 '-teJJOBeK) 8 8 03p a cm e 7-8 Jl em : 8 cpynne <<CKOJlU03 -KOHmpOJJ b>> y aemeu C 

KJJUHUl.feCKU noameep;;1caeHHblM auacH030M u a uon amu11eCK020 CKOJJ U03Q f U JI cmeneHU U 8 

2pynne <<HOpMQ - KOHmpOil b>> y aemeu 6e3 opmoneau'-teCKOU namOJJOcUU. lfy ecmeumeJJ bHOCmb 

Memoaa cocmaeuJJa 92%. Pa3pa6omaHH aJl MemoauKa M0:>1Cem 6btmb peKoMeHaoeaHa KaK 
CKpUHUHcOBaR aflf/, BblRBJJ eHUR aem eu cpy nnbt pUCKQ C HQ'-tQJl bHblMU cmeneHRMU CKOJJ U03Q. 

K JI IO l.J e Bbl e C JI OB a : l1)U10naTHl.Je CKMH CKOJIHO3 , KOMDhIOT epHa51 CTa6HJIOMeTpM51 , 

CKpHHHHfOBaH .u11arHOCTHKa , r p ynna pHCKa. 

Screening Diagnosis for Scoliosis using Computed Stabilometry 

O.D. Davydov, A.l. Mon tile, Yu. V Marchuk, A.A. Montile 

Scientific P ractical Center «Bonum», Ekaterinburg, Russia 

Forty seven young patients aged 18- 20 years were examined; 11 patients with I and II stages of 
idiopathic scoliosis (group <<scoliosis>>) and 36 individuals with neither orthopaedic nor neurolog
ic pathology (group <<norm>>). Method of computed stabilometry was used. Functional depend
ences that characterized distribution of the rates of f eet pressure center on the supporting swface 
in frontal plane which differed parametrically in representatives of both groups were obtained. A 
diagnostic parameter, i.e. the number of movement intervals with constant velocity of 0. 02 s., 
that enabled to consider a person to be at-risk group, was identified. Clinical testing of diagnostic 
technique was performed in 2 groups of children (12 in each group) aged 7-8 years: group 
<<scoliosis-control>> included patients with clinically confirmed I and II stage idiopathic scoliosis, 
group <<norm -control>> - children without orthopaedic pathology. Sensitivity of the method made 
up 92%. Elaborated technique can be recommended as a screening diagnosis for identification of 
at-risk children with initial stages of scoliosis. 

Key wor d s : idiopathic scoliosis, computed stabilometry , screening diagnosis , risk group. 

C KOJIJ.103 RBJIR e TCR pacrrpocTpaH e HHbIM o pTorre ,z::i;M

qecKMM 3a6o JieBaHMeM, 3aHMM aIOW,MM 0 ,[l;H0 J.1 3 rr e p

BbIX Me CT B CTPYKType rra TOJIOr MM ,z::i; e TCKor o M rro,z::i;po 

CTKOBo r o B0 3pacTa. L{acTOTa e r o BCTp e qae MOCTM , ITO 

,n;aHHbIM pa3JIJ1qHbIX a B TOp OB , ,[l;0 CTMrae T 10% [l]. KJIM

HMK0- peHTreH 0JI0r J1qecKaR K apTMHa , TeqeHMe M MC

xo,z::i; CKOJIMOTJ1q e c KMX ,z::i; e cp o pMaIJ;MJ1 x o powo M3yqeHbI 

[2, 3]. IIocJie,D;HMe qeTbipe ,n;eCRTMJie TMR 0 3 HaMeH0Ba

JIMCb 3HaqMTeJibHbIM rrpo rpeccoM B XMpyprMqecKOM 

JieqeHMM CK0JIM030B [ 4]. O,n;HaKO , HeCM0TpR Ha RBHbie 

y crrexM , CK0JIM0T Mq e cKaR 6oJie3Hb rrpo,n;0JI:>KaeT 0CTa

Ba TbCR O,[l;HOJ1 J.1 3 HaM6oJiee CJI0:>KHbIX rrpo6JieM C0Bpe

MeHHOJ1 o pTo rre,z::i;MM. TaK, ,n;o KOHIJ;a He M3yqeHbI 3TMO

JI0fMR M rraTo reHe 3 , B qacTH0CTM, caMoi1 pacrrpocTpa

HeH HOM cpopMbI - M,D;MOIIaTJ1qecKoro CKOJIM03a , II0-

3T0MY 0 TCYTCTBYIOT 3TMorraToreHeTw-recKMe crroco6br 
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JieqeHMR. TeM H e MeHee oqeBM,[l;H0 , qT0 paHHRR ,n;Mar

H0CTMKa , rrpocpMJiaKTMKa M CMCTeMaTMqecKoe K0HCep

Ba TMBH0e JieqeHMe ,z::i;aHH0ro 3a60JieBaHMR II03B0JIRIOT 

CHM3MTb pMCK pa3BMTMR rpy6bIX ,n;ecpopMaIJ;MJ1 l103B0-

HOqHJ1Ka [4, 5]. 
PaHHee BhlRBJieHMe HapyrneHMJ1 ocaHKM MJIM 

cpopMMpyIOrn;MXCR CK0JIMOTM-Y:eCKMX ,n;ecpopMaIJ;MJ1 

B03MO:>KHO rrpM rrpoBe,n;eHMM MaCCOBbIX CKpMHMHrO

BbIX o6cJie,n;oBaHMJ1. IT PM 3T0M, B C0OTBeTCTBMM C 

C0BpeMeHHbIMM rrpe,n;cTaBJieHMRMM , CKpMHMHfOBbIJ1 

MeT0,ll; ,ll;OJI:>KeH 0TBe-Y:aTb pR,n;y Tpe6oBaHMM: 6bITb 

HeMHBa3MBHbIM , o6ecrre-Y:MBaTb o6oeKTMBHYIO perM

CTpau;MIO CMMITT0M0B, K0JIM-Y:eCTBeHHYIO M Ka-Y:e 

CTBeHHYIO ou;eHKY CTerreHM rrp0RBJieHMR cpyHKLl;MO 

HaJibHbIX OTKJIOHeHMM, MaKCMMaJibHO B03MO:>KHYIO 

CK0p0CTb ,n;r1arH0CTM-Y:eCK0r0 rrpou;ecca [6]. B HaCT0-
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HII.J;ee BpeMH pa3pa6oTaHbI li1 rrpe,[J;JIO:>KeHbI ,l];JIH Mac

COBOro BHe,[J;peHMH MeTO,lJ;MKM li1 CKpMHMHI'OBbie CMC

T eMbr, rrpe,[J;Ha3Ha qeHHbie ,l];JIH BM3yaJibHOro BbIHB

JieHMH ,[1;ecpopMau;m1 I103BOHOqHJ1Ka, TaKMe KaK My

a poBaH TorrorpacpMH [7], pacTpoBaH cTepeorpacpMH 

[ 8] li1 ,[J;p. C 3TOJ1 u;eJibIO ycrreI.lIHO MCI10Jib3yeTCH Me

T O,lJ; KOMI1bIOTepHO-OI1TJ1qecKOJ1 TOrrorpacpMM (KO

MOT), pa3pa60TaHHbri1 B HoBocM6MpcKoM HI1I1TO 

[9]. IlpMMeHeHMe BbilllerrepeqJ1cJieHHbIX MeTO,lJ;MK 

I103B0JIHeT BbIHBMTb yme o6o3Ha qJ1BllIMeCH ,[J;ecpop

Ma:o;MM I103BOHOqHJ1Ka, HO Tpe6yeT BbICOKOM KBaJIM

(pMKau;MM Me,lJ;MIJ;MHCKoro rrepcoHaJia M HaJIJ1qJ1e crre

IJ;MaJIM3MpoBaHHbIX arrrra pa THO-rrporpaMMHbIX KOM

ITJieKCOB. II pe,[J;CTaBJIHeTCH u;eJiecoo6pa3HbIM pa3pa-

6 oTa Tb MeTO,lJ;MKY rrpe,[J;BapMTeJibHOro cpopMMpOBa

H MH rpyrrrr pMCKa ITO CKOJIMO3Y C « OTCeBOM » 3aBe,lJ;O

MO 3,lJ;OpOBbIX JIMIJ;, KOTopaH MO:>KeT 6bITb peaJIM30-

B aHa BpaqoM 06II.J;ei1 rrpaKTMKM MJIM cpe,[J;HMM Me,lJ;

rrepcoHaJIOM B xo)J;e ,lJ;McrraHcepHoro o6cJie)J;oBaHMH 

,l];eTeM li1 ITO,lJ;pOCTKOB. TaKMM o6pa30M, 6y,lJ;eT yMeHb

llleH ITOTOK rrau;MeHTOB, HarrpaBJIHeMbIX K OpTorre

,l];aM, li1CI10Jib3YIOII.J;MM 6oJiee TOHKMe li1 crreu;MaJIM3J1-

p oBaHHbie MeTO,lJ;MKM ,l];JIH YTOqHeHMH ,l];MarHO3a. 

llIMpOKO li13BeCTHbI 6J10MexaHJ1qecKJ1e MeTO,l];bI ,lJ;J/1-

a rHOCTMKJ/1 cpyHKIJ;J/IOHaJibHbIX Ha pyllleHJ/IJ1 orropHO 

,lJ;BJ/lra TeJibHOro arrrrapaTa, B TOM qJ1cJie c rrpJ1MeHeHJ1-

e M KOMITbIOTepHOJ1 CTa6J1JIOMeTp1i11i1 [ 1, 10, 11]. I1c

ITOJib3YIOTCH 6a30Bbie J/1 BeKTOpHbie ITOKa3aTeJIJ/1 ,lJ;BJ/1-

meHJ/IH u;eHTpa ,r:i;aBJieHJ/IH TeJia rrau;J1eHTa Ha cTa6J1JIO

MeTpJ1qecKoi1 ITJiaTcpOpMe, TaKJ/le KaK CMeII.J;eHJ/le BO 

cppOHTaJibHOJ1 J/1 carJ/ITTaJibHOM ITJIOCKOCTHX, ITJIOI.IJ;a,l];b 

CTaTOKJ/1He3MOrpaMMbI , CKOpOCTb rrepeMeI.IJ;eHJ/IH J/1 ,z:::i;p . 

Bee OHJ/1 Hecrreu;J1cpJ1qHbI ,r:i;JIH paccMaTpli1BaeMoi1 rra

T OJIOrJ1J1, ITOCKOJibKY, ITO3BOJIHH orrpe,r:i;eJIJ/ITb HaJIJ1qJ1e 

J/1 CTerreHb BbipameHHOCTJ/1 CTa TO,lJ;MHaMJ1qecKJ1X Ha

p yllleHJ/IJ1 y rrau;J1eHTa' He 1i1HcpOpMa TJ/1B HbI C TOqKJ;I 

3 peHJ/IH BbIHBJieHJ/IH J/IX rrpJ1qJ1H. 

HaMM Ha rrpOTHJKeHMJ/1 ITOCJie,l];HJ/IX JieT Be,r:i;eTCH 

p a3pa6oTKa HoBoro crroco6a aHaJIJ13a cTa6J1JIOMeTpJ1-

q e cKMx CJ/lrHaJIOB , yqJ1TbIBaIOII.J;ero J/IH,lJ;MBJ/1,lJ;yaJibHbie 

o co6eHHOCTJ/1 rraTOJIOrJ1qecKoro rrpou;ecca y Kam,z::i;oro 

rrau;J/leHTa, C u;eJibIO ITOBbillleHJ/1.H 3cpcpeKTJ/IBHOCTJ/1 ,lJ;J/1-

a rHOCTJ/IKJ/1 J/1 ,z:::i;wpcpepeHIJ;J/laJibHOJ1 ,D;J/larHOCTJ/IKJ/1 cpyH

K LI;J/IOHaJibHbIX Ha pyweHJ/IJ1 orropHO-,lJ;BJ/lra TeJibHOro 

a rrrrapaTa. B pe3yJibTaTe rrpoBe,r:i;eHHbIX J1CCJie,r:i;oBa

H J1M orrpe,r:i;eJieH Ha6op HOBbIX rrpli13HaKOB, I103BOJIHIO

I.IJ;J/IM rrpeo,z::i;oJieTb He,r:i;ocTaTKJ/1 , o6ycJIOBJieHHbre rrpM

M eHeHMeM 6a30BhlX CTaTJ1CTJ1qeCKJ/IX J/1 BeKTOpHhlX 

CTa6J1JIOMeTpw-IeCKJ/IX ITOKa3a TeJieM [ 12]. 

IloJiyqeHHhle rrpli1 KJIJ1HJ1qecK011 arrpo6au;J1J1 pe-

3 y JibTa Tbl ITOKa3aJIJ/1 BbICOKYIO J/IH(pOpMa TJ/1B HOCTb pa3-

p a6oTaHHOJ1 CJ/ICTeMbI ITOKa3a TeJieM J/1 3cpcpeKTJ/IBHOC

T J/1 crroco6a J/IX J/ICITOJib30BaHJ/IJI ,l];JIH ,l];J/larHOCTJ/IKJ/1 J/1 

,[1;1i1cpcpepeHu;J1aJibHOM ,l];J/larHOCTJ/IKJ/1 p.r1,z:::i;a 3a60JieBaHJ1J1: 

rrocTTpaBMa TJ1qecKoro ocTeoa pTpo3a roJieHOCTOrrHoro 

J/1 TapaHHO-ITHTOqHoro cycTaBOB , ITJIOCKOCTOITJ/1.H , ,r:i;eT

CKOro u;epe6paJibHOro rra paJIJ1qa , ceHCMTMBH0M a TaK

CJ/IJ/1 rrpM IT0JIJ/IHeMporraTJ/IJ/1 J/1 ,z:::i;p. yqJ;ITbIBa.H aKTyaJib

H0CTb paHHeM ,D;J/larH0CTJ/IKJ/1 CK0JIJ/IOTJ/lqecKOM 6oJie3-

HJ1, pa3pa6oTaH MeT0,lJ; o6pa60TKJ/1 pe3y JibTa TOB CTa-
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6MJIOMeTpJ1qeCKJ/IX TeCTOB, OCHOBaHHbIJ1 Ha HOBOJ1 CM

CTeMe ITOKa3a TeJieM. 

UeJib MCCJie,r:i;oBaHJ1H: pa3pa60TaTb crroco6 cKpM

HMHroBoi1 ,r:i;J1arnocTJ1KM Ha qaJibHbrx cTerreHei1: (I - II) 
CKOJIJ/I03a C J/ICITOJib30BaHJ/leM KOMI1bIOTepHOJ1 CTa6M

JIOMeTpMM. 

MATEPl1AJI 11 METO,Uhl 

O6cJie,D;OBaHO 4 7 qeJIOBeK B B03pacTe OT 18 ,z::i;o 20 

JieT. J,13 HJ/IX 11 rrau;J1eHTOB C J/1,[J;J/IOITaTJ1qecKJ1M CK0JIJ/1-

030M I J/1 II cTerrem1, Bep1i1cpMu;MpoBaHHbIM peHTreHo

JIOrMqecKM, BOI.lIJIM B rpyrrrry « CKOJIJ103 » , a 36 qeJIOBeK 

6e3 OpTorre,z::i;J1qecKOJ1 li1 HeBpOJIOrMqecKOM rra TOJIOfMM 

COCTaBMJIM rpyrrrry «HOpMa » . 

KJIMHJ1qecKa.r1 arrpo6au;MH pa3pa60TaHHoro crroco-

6a CKpMHMHfOBOM ,r:i;MarHOCTMKM CKOJIM03a rrpoBe,r:i;eHa 

B ,r:i;Byx rpyITITax ,r:i;eTei1: B B03pacTe 7-8 JieT. IIepByro 

rpyITITY « CKOJIJ103-KOHTpOJib » COCTaBMJIM 12 ,z::i;eTeM C 

,r:i;MarH030M J/1,D;MOITa TJ1qecKJ1J1 CKOJIM03 , li13 HMX 10 -

I cTeITeHM , 2 - II cTeITeHM. B o BTopyro rpyITITY «Hop

Ma-K0HTpOJib » BOI.lIJIO 12 ,z::i;eTeM 6e3 ITaTOJIOfMM. 

CTa6v1JIOMeTpJ1qecKoe MCCJie,D;OBaHMe ITpOBe,r:i;eH0 Ha 

KOMITbIOTepHOM CTa6MJIOaHaJIM3aTope CTa6MJiaH-01 

(3AO «OKS «PMTM » , TaraHpor). I1cITbITyeMbIM ,z::i;oJI

meH 6bIJI B TeqeHMe 20 c CTOJITb HeITO,D;BM:>KH0 c OT

KpbITbIMM rJia3aMJ1 , coxpaHHH ecTeCTBeHHYIO HeITpM

Hym,r:i;eHHYIO IT03y. ,I(JIH Toro qTo6bI He OTBJieKa Tb CH 

Ha ITOCTOpOHHMe CMrHaJibI , J/ICITbITyeMbIJ1 (pMKCMpOBaJI 

B3r JIH,D; Ha MeHJIIOI.IJ;J/leCH ITO u;BeTy Kpy:>KKM Ha 3KpaHe 

MOHMTOpa , ycTaHOBJieHHOro Ha ypOBHe rJia3 Ha pac

CTOJIHMM 2 M , li1 cqJ1TaJI KOJIJ;IqecTBO KpyroB 6eJioro 

IJ;BeTa. ,I(JIH ITOBbillleHMJI ,lJ;OCTOBepHOCTJ/1 ITOJiyqaeMbIX 

,z::i;aHHbIX Ka:>K,D;OMY o6cJie,D;OBaHHOMy 6bIJIO ITpOBe,r:i;eHo 

ITO TPM aHaJiorv1qHbIX TeCTa c ITepepbIBOM B 5 MJ/IH. 

IIo Bbr6opKaM CTa6v1JiorpaMM Kam,z::i;oro o6cJie,z::i;ye

Moro ,l];JIH cppOHTaJibHOM J/1 carMTTaJibHOJ1 KOOp,D;MHa T 

ITepeMeI.IJ;eHMJI u;eHTpa ,r:i;aBJieHMH 6hlJIJ1 Bhl,D;eJieHhl 

J/IHTepBaJibI ,D;BJ/1:>KeHMJI C ITOCTOJIHHOJ1 CKOpOCTbIO M 

OITpe,z::i;eJieHbI: ,lJ;JIMTeJibHOCTb Kam,z::i;oro MHTepBaJia 

(delta_t) J/1 cKopocTb Ha HeM (V), a TaKme qv1cJio MH

TepBaJioB C pa3JIJ1qHbIMM ,lJ;JIMTeJibHOCTHMM 1i1 CKOpoc

THMM. Pe3yJibTaTbI 6bIJIJ/1 8KCITopn1poBaHbI B ITporpaM

MY 06pa60TKJ1 6J10MeTpJ1qecKMX ,z::i;aHHbIX « Pa,z::i;v1KaJI » , 

c ITOMOI.IJ;bIO KOTOpoi1: 6bIJIM ITOCTpoeHbI ,D;MarpaMMbI 

pacce.r1HJ1H (delta_t , V ) J/1 B ITporpaMMY Statistica v.6.0, 

B Kopoi1 6bIJIJ/1 rroJiyqeHbI rMCTOrpaMMbI , xapaKTepv1-

3yIOII.J;Me pacITpe,z::i;eJieHMH MHTepBaJioB (delta_ti , V). 
IIocKOJibKY cpopMa M rra paMeTpbI ,D;MarpaMM li1 fJ/ICT0-

rpaMM ,Il;JIH carJ/ITTaJibHOJ1 KOOp,Il;MHaTbI B rpyITrrax «CK0-

JIJ/1O3 » M « HOpMa » He OTJIJ;IqaJIMCb , TO B ,D;aJibHeMI.lieM 

J/ICITOJib3OBaJIJ/1 TOJibKO ,D;aHHbie ,D;JIH cppOHTaJibHOJ1 KO

Op,Il;MHa Tbl. EbIJIM BbI,D;eJieHbI MHTepBaJibI Heli13MeHHO

ro ,D;BM:>KeHMH MMHMMaJibHOM ,D;JIMTeJibHOCTbIO delta_t 

0 ,0 2 c , KOTOpbre YITOpH,Il;Oqv1BaJIJ1Cb ITO B 03pacTaHMIO 

CK0p0CTM, HOpMMpOBaJIMCb Ha MaKCMMaJibHbie ITOJIO

)KJ/ITeJibHbie ( BeKTOp CK0pOCTM HaITpaBJieH BITpaBO) M 

0TpM:u;aTeJibHbie (BeKTOp CKOp0CTM HaITpaBJieH B JieB O) 

3Ha qeHMJI J/1 u;eHTpMpOBaJIMCb ITO HY JieBOJ1 CKOpOCTM. 

HopM1i1pOBaHv1e ITO3BOJIHeT yqJ1ThlBaTb pa3JIMqJ;IJI B 

CTeITeHJ/1 pa3BMTOCTM MbirueqHoro aITITapaTa J/1 HBJIH-



p 

BecTHMK rpaaMaronon1v1 v1 oprone,n.v1v1 MM. H. H. npv1opoaa . 2015, Ng 1 

@P 
soo 

7<:fJ 

eOO 

~ 

70 

80 

- re~eHT_t 

re~eHr_2 

- fb~eH1_3 

- re~eHr_4 

- re1111eH1_s 

- li!U)ltH1_7 

-f'ellJltHT_8 

- reLJIIClir_9 

re111u1111_10 

- fbllJltHT_11 

fil~eHr_l2 

P11c.l. rv1cTorpaMMbI MHTepBaJIOB (delta_ t i, V) ,n;JI.H o6cJie 

,n;yeMhIX J/13 rpynnbl «HOpMa » (a) M rpynnbI «CKOJIJ/1O3 » (6). 
delta t. - ,n;Jiv1TeJihHOCTb MHTepBaJia HenpepbIBHoro ,n;BM

meHM~ 
1

(B c) , V. - CKOpOCTb ,lJ;BM:>KeHM.H (B MM / c) , p - KOJIM

qecTBO MHTep~aJIOB (B a6COJIIOTHbIX 3HaqeHMJIX). 

P11c. 2. fpacpMKM pacnpe,n;eJieHM.H CKOpOCTeti ,lJ;BM:>KeHMH , 

ynopH,n;oqeHHbIX no BO3pacTaHMIO. 

3,ne cb JtI Ha p½C . 3-6 OCb a6CQJ!ICC - HOpM½pOBaHHaR CKOpOCTb , 

op,nJtIHaT - KOJIW--IeCTBO JIIHTepBaJIOB OTKJIOHeHJIIR BJieBO JII Brrpa

BO OT QeHTpa. 3e.rreHbIM TpeH,n - HOpMa , KpaCHbIM - CKOJIJ!I03. 

P11c. 3. 30Hbl «HOpMbl » J1 pMCKa no CKOJIMO3y. 

P11c. 4. Pe3yJibTaTbl TeCTMpOBaHM.H rpynnbI «CKOJIJ1O3-KOHT

pOJib » (a) v1 rpynrrbl «HOpMa-KOHTpOJib» (6). 

1- Hop1u - c,onKOO I 

46 
- Hopt,ta 

- c-
-n,1411tHr_1 
- Oau;,<tKr_2 

-n,UJlewr.) 
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-0,1\fltHT_f:I 

=1---+---+--1---+----1 -naitt•'"J 
-n,191 • ..,._e 
- naUJltKrJ,l 
- n,U/1...,._1 
- 041.111tKT_11 

n11411eKT_12 

P11c. 5. PeHTreHorpaMMa (a) M np:nMep TeCTMpOBaHM.H (6) naQMeHTa II., 6 JieT C JieBOCTOpOHHMM M,lJ;MOnaTW{eCKMM CKOJIMO3OM 

r py,n;ono.HcH:nqttoro oT,n;eJia no3BOHoqH:nKa II cTeneHM (yroJI Ko66a 15°). 

P11c. 6. PeHTreHorpaMMa (a) M np:nMep TeCTMpoBaHM.H (6) naQMeHTa r., 7 JieT C npaBOCTOpOHHMM M,ZJ;MonaT:nqecKMM CKOJIMO3OM 

rpy,n;ono.HcH:nqttoro oT,n;eJia no3BOHoqH:nKa I CTeneHM (yroJI Ko66a 1 O°). 
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e TCR Heo6xo,n;MMbIM, B qacTH0CTM, npv1 o6pa6oTKe ,n;aH

HbIX_ o6cJie,z:i;yeMbIX pa3JIJ1qHbIX B03paCTHbIX rpynn. 

PE3Y JlhTAThl J1 06CY1K,UEHJ1E 

Ilpv1Mepbl TMnMqHbIX rMCTOrpaMM , xapaKTepv13y

IOII.J;MX pacnpe,n;eJieHv1e MHTepBaJI0B (delta_ti , V) ,n;JIR 

o 6cJie,z:i;oBaHHbIX rpynn «H0pMa » M « CK0JIM03 » , npMBe

,z:i;eHbl Ha pv1c . 1. OTqeT JIMBO BM,D;H0 yMeHbllleHMe K0-

JIMqecTBa MHTepBaJI0B 60JiblllOJ1 ,D;JIMTeJibH0CTM, yBe

JIMqeHMe qacT0Tbl n0RBJieHMR MHTepBaJI0B MaJIOM ,D;JIM

T eJibHOCTM npv1 0,D;HOBpeMeHHOM paclllMpeHMM ,z:i;v1ana-

3 0Ha CKOpOCTeM MHTepBaJIOB M BbITRfMBaHMM BBepx 

MMeIOm;Mx KOJIOKOJI006pa3HbIJ1 BM,D; ceqeHMM ,D;JIR qmK

c v1poBaHHbIX ,D;JIMTeJibHOCTeM MHTepBaJI0B Ha rMCT0-

r paMMe o6cJie,z:i;yeMoro M3 rpynnbI « CK0JIM03 » no cpaB

H eHMIO C rMCTOrpaMMOJ,1 3,D;OpOBOro. 

yqJ1TbIBaR , 1.JT0 HaM60JiblllMe M3MeHeHMR (pMKCM

p oBaJIMCb npv1 ,D;JIMTeJibH0CTM MHTepBaJI0B delta_t 

0,02 c, ,n;aJiee paccMaTpv1BaJiv1 ,n;v1ana30HbI HeM3MeH

H oro ,D;BM:>KeHMR TaKOM ,D;JIMTeJibH0CTM. 

IloJiyqeHHbie ,D;JIR delta_t 0,02 c cpyHKQMOHaJib

Hbie 3aBMCMM0CTM, xapaKTepv13yr0w;v1e pacnpe,n;eJie

HMe CKOpOCTeM ,D;BM:>KeHMR, ynopR,D;Ol.JeHHbie no B03-

p acTaHMIO, C00TBeTCTB0BaJIM BM,z:i;y KpMBbIX, xa paK

T epHbIX ,D;JIR ycTQJ,1qJ1BOro y,z:i;epmaHMR paBH0BeCMR no 

JII06oMy npM3HaKy y 6v10Jiorv11.JeCKMX o6'beKTOB, HO 

0 TJIJ1qaJIMCb ITapaMeTpv1qecKM B rpyITnax «H0pMa » M 

«CK0JIM03 » . Ha pv1c . 2 ITpe,z:i;cTaBJieHbl ITPMMepbl KpM

BbIX ,n;JIR ,z:i;Byx Tv1nv1qHbIX ITpe,z:i;cTaBv1TeJieM Kam,n;oM 

r pynnbI. KoJiv1qecTBY MHTepBaJI0B cpv1Kcv1poBaHHOJ1 

,D;JIMTeJibH0CTM, HO C pa3HbIMM CK0p0CTRMM, onpe,z:i;e

JIReM0MY ,D;JIR Kam,n;oM CTa6MJIOrpaMMbI, C00TBeTCTBy

e T npoeKQMR qacTM KpMBOM Ha 0Cb a6CQMCC, T.e. ,D;JIM

H a C00TBeTCTByIOw;ero 0Tpe3Ka. Ilo3TOMY o6w;ee K0-

JIMl.JeCTB0 MHTepBaJI0B ITPM nepeMem;eHMRX BnpaB0 

JIM60 BJieB0 - 3T0 paccT0RHMe no OCH a6CQMCC OT 

HYJIR ,z:i;o MaKCMMaJibHOM HOpMv1poBaHHOJ1 CK0p0CTM , 

3 acpv1Kcv1poBaHHOM ,n;JIR o6cJie,z:i;yeMoro, T. e. ,z:i;o KpaH

H e M npaBoM Jiv160 JieBOM T0l.JKM OT ,z:i;eJibHOM KpMBOM. Ila 

p e 3yJibTaTaM CTaTMCTJ1qecKOJ1 o6pa60TKM Bcex ,n;aH

HbIX 6bIJIM BbI,D;eJieHbl 30Hbl H0pMbl M 30Hbl pHCKa ,D;JIR 

CKOJIM03a OTHOCMTeJibHO KpMBbIX y,z:i;epmaHMR paBHO

B e CMR (pv1c . 3). 
Yl.!MTbIBaR HenOJIHOe nepeKpbITMe 30H, MO:>KHO 3aK

JIIOqJ1Tb, qTQ KpMBaR np0M3B0JlbH0 BbI6paHHOro 06-

c Jie,z:i;yeMoro 6y,z:i;eT ITPMHa,z:i;JiemaTb O,D;HOM M3 BbI,D;e

.rreHHbIX 30H JIM6o qacTMl.JH0 HaX0,D;MTbCR B o6JiaCTM 

H eonpe,z:i;eJieHH0CTM , HaJiv1qv1e KOTOpOH o6ycJIOBJieHO 

B bIC0KMMM Tpe6oBaHMRMM CTa TMCTJ1qecKOJ1 ,D;0CT0Bep

H OCTM pa3JIMl.JeHMR. CeqeHMR 30H ITO OCH HOpMMpO

BaHHbIX CKOpocTeM Ha ypoBHe MaKCMMaJibHbIX IT0JI0-

)KMTeJibHbIX (nepeMem;eHMe BnpaBo) M 0TPMQaTeJib

HblX (nepeMem;eHMe BJieBO) H0pMHp0BaHHbIX CKopoc

T e M He nepeKpbrnaIOTCR. TaKMM o6pa3oM , B KaqecTBe 

,z:i;v1arHocTv1qecKoro ITpM3HaKa ,D;JIR 0THeceHMR o6cJie

,z:i;yeMoro K rpynne pv1cKa no CK0JIM03Y ,n;ocTaToqHo 

Jt1 CITOJib30Ba Tb BeJIMl.JMHbl OTKJIOHeHMJ1 BJieBO M BITpa

BO OT cepe,z:i;MHbl 0Tpe3Ka C HY JieBblMM 3Ha qeHMRMM 

CK0p0CTM ,n;o Kpai1HMX ToqeK C MaKCMMaJibHblMM H0p

MMpOBaHHbIMM CKOpOCTRMM. Ilpv1 BM3yaJIM3aQMM ITPO-
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CTeMlllMM npM3HaK0M RBJIReTCR nona,n;aHMe JIM6o He

nona,n;aHMe npoeKQMM K0HI~eBbIX ToqeK KpMBOJ1 B 0T

pe3KM, C00TBeTCTBYIOID;Me Bbillleonpe,n;eJieHHbIM ceqe

HMRM 30H «HOpMbl» M «pMCKa » . 

Pe3yJibTaThl anpo6aQMM cnoco6a CKpMHMHrOBOJ1 

,n;v1arH0CTMKM Ha qaJibHbIX CTeneHeM M,D;Mona TMl.JeCK0ro 

CK0JIM03a y ,z:i;eTeM 7-8 JieT B rpynnax « CK0JIM03-K0H

Tp0Jib » M «H0pMa-K0HTp0Jib » np0MJIJIIOCTpMp0BaHhl 

pv1c. 4. CKOJIM03 6bIJI T0l.JH0 ,n;v1arH0CTMp0BaH y 11 ,n;e

TeM, B 1 cJiy1.Jae noJiy1.JeH JI0:>KH00TPMQa TeJibHbIM pe-

3y JlbTa T. y 11 ,n;eTeM 6e3 npM3HaK0B na TOJIOI'MM npM 

BM3yaJibHOJ1 MH,D;MKaQMM KOHCTa TMpOBaHO nona,n;aHMe 

HOpMMpOBaHHbIX CKOpOCTeM B COOTBeTCTByIDw;yro 30HY 

H0pMbl , B 1 CJiyqae 0TMel.JeH He3Haqv1TeJibHbIJ1 BbIX0,D; 

3a ee rpaHMQbI. 

Ila pe3y JlbTa TaM npoBe,n;eHHOro MCCJie,n;oBaHMR no

JiyqeH ,n;v1arHOCTJ1qecKMJ1 npM3HaK, n03BOJIRIOID;MJ1 OT

HeCTM o6cJie,n;yeMoro K rpynne pv1cKa no CK0JIM03Y -

K0JIJ1qecTB0 MHTepBaJI0B ,D;BMmeHMR C n0CT0RHHbIMM 

CK0p0CTRMM ,ZJ;JIMTeJibH0CTbIO delta_t 0,02 C. 3TOT npM-

3HaK xapaKTepeH T0JibK0 ,D;JIR cppOHTaJibHOM CTa6v1-

JI0rpaMMbl , onpe,n;eJIRIOm;e i1 nepeMem;eHv1e QeHTpa 

,z:i;aBJieHMR CT0n Ha onopHOM noBepxH0CTM B 6oKOBbIX 

HanpaBJieHMRX ( ,n;BM:>KeHMR BnpaBo-BJieB0 ) . 

y o6cJie,n;yeMbIX J13 rpynnbl «H0pMa » K0JIMl.JeCTB0 

MHTepBaJI0B ,D;JIR n0JI0:>KMTeJibHbIX ( BnpaBO) M 0TpM

Qa TeJibHbIX ( BJieBO) nepeMem;eHMM no OT ,n;eJibH0CTM no 

BCeM, noJiyl.JeHHbIM Ha HaCTORID;MM M0MeHT ' ,n;aHHbIM 

KJIMHJ1qecKOJ1 anpo6aQMM M3MeHReTCR B ,n;v1ana30He 

OT 211 ,n;o 448 ; ,D;JIR M,D;M0naTMl.JeCK0ro CJia6o Bbipa

meHH0ro CK0JIM03a - OT 498 ,n;o 732. fpaHMQbl ,z:i;v1a

na30H0B, B K0T0pbie nona,n;aIOT 95% Ha6JIIO,D;eHMM, pac

Cl.JMTaHHbie no CTaH,z:i;apTHOM cpopMyJie Mean ± 
1,96 · SD (Mean - Bb16opoqHoe cpe,n;Hee , SD - cTaH

,n;a PTH0e OTKJIOHeHMe ) M 0Kpyr JieHHbie ,n;o QeJibIX Kpa T

HbIX 5 3HaqeHMJ1 , C0CTaBJIRIOT OT 215 ,n;o 415 MHTepBa

JI0B ,ZJ;JIR «H0pMbl » v1 OT 500 ,n;o 700 MHTepBaJI0B ,D;JIR 

CJia6o BbipameHH0ro CK0JIM03a. C yqeT0M oco6eHHOC

TeM cpopMMpOBaHMR rpynn pHCKa , a MMeHH0 Heo6xo

,D;MMOCTM yBeJIMl.JeHMR 1.JYBCTBMTeJibHOCTM 3a Cl.JeT B03-

M0:>KH0ro CHM:>KeHMR cneQM(pMl.JHOCTM , npv1 0Kpyr Jie

HMM ,z:i;v1ana30H rpynnbl pv1cKa paClllMPRJICR , a ,n;v1ana-

30H «H0pMbI » , Hao6opoT, cymaJICR. '9:yBCTBMTeJibHOCTb 

M cneQM(pMl.JHOCTb , paccqv1TaHHbie ITO CTaH,z:i;apTHOM 

MeTO,D;MKe ,D;JIR OKpyrJieHHblX ,z:i;v1ana30HOB M qJ1CJIO

BbIX ,n;aHHbIX, paBHRIOTCR ,D;JIR 6a30BblX rpynn « CK0-

JIM03 » M «H0pMa » 0,91 M 0,86 C00TBeTCTBeHH0. ,UJIR 

,z:i;Byx rpynn ,z:i;eTeM « CKOJIM03-KOHTpOJib » M «HOpMa

K0HTp0Jib » B B03pacTe 7-8 JieT qyBCTBMTeJibH0CTb M 

cneQM(pMl.JHOCTb MeTo,n;a C0CTaBMJIM C00TBeTCTBeHH0 

0,92 M 0,92. 
Ha pv1c. 5 npe,n;cTaBJieHbI peHTreHorpaMMa v1 TM

nv11.JHb1e pe3y JlbTa Tbl CTa6MJIOMeTpv11.JeCKOro TeCTMp0-

BaHMR C BM3yaJibHOJ1 MH,ZJ;MKaQMeM , 1.JeTKO n03BOJIRIO

w;eM OTHeCTM naQMeHTa K rpynne « CKOJIM03 » . 

Ha pv1c. 6 npe,n;cTaBJieHbI ,n;aHHbie caMoro CJI0:>KH0-

ro M3 o6c.rre,n;oBaHHbIX naQMeHT0B. ,Umr 0TPMQa TeJib

HbIX MHTepBaJI0B delta_t 0,02 c , xapaKTepv13yr0w;v1x 

nepeMem;eHMR QeHTpa ,n;aBJieHMR CT0n Ha onopHOM 

IT0BepxH0CTM CTa6MJIOMeTpv11.JeCKOJ1 n.rra TcpOpMbl B Jie-
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BO, OTMeqeHO rrorra,n;aHMe B BM3yaJibHYIO o6JiaCTb MH

,Il;MKau,1111 rrp11Ha,r:i;Jie:>KHOCTJ1 K « CKOJIJ1O3y » . A ,[J;JIR rro

JIO:>KMTeJibHbIX MHTepBaJIOB , CBR3aHHbIX C rrepeMew;e

HJ1RMJ1 u,eHTpa ,z::i;aBJieHMR CTOIT BrrpaBO, MapKep OKa-

3aJICR pacrroJIO:>KeHHbIM Ha rpaHMIJ,e 3OHbl « CKOJIJ1O3 » . 

II p11 aHam13e rrp11q11H e.n;11H11qHoro cJiyqaR JIO:>KHO

OTp11u.a TeJibHOM ,[J;J.1afHOCTJ1KJ1 B MJia,z::i;wei-1 BO3paCTHOM 

rpyrrITe BbIRBJieHO, qTo y pe6eHKa MMeeTCR OCJIO:>K

HeHHbIM aKywepcKMM aHaMHe3. C ,z::i;11arHO3OM p e311,z::i;y 

aJibHoro rropameHMR u,eHTpaJibHOM HepBHOM CJ1CTeMbI 

C cpopM11poBam1eM CJ.1H,Il;pOMa r11rrepaKTJ1BHOCTJ1 J.1 .n;e
C!)J.1IJ,J1Ta BHJ.1MaHJ.1R rrau.11eHT C paHHero BO3pacTa Ha

XO,Il;MTCR Ha .n;11crraHcepHOM Ha6JIIO,D;eHMJ1 y ITe,z::i;11a Tpa 

J.1 ,n;eTCKOro HeBpoJiora . yqJ1TbIBaR 3TO o6CTORTeJib

CTBO, MO:>KHO rrpe.n;rrOJIO:>KJ1Tb, qTo J13HaqaJibHO OpTO

rre,z:i;11qecKJ1M .n;11arHO3 6bIJI ITOCTaBJieH HeBepHo J.1 B ,n;aH

HOM CJiyqae CKOJIJ.1O3 He RBJIReTCR 11.n;11orraTJ.1qecKJ.1M, 

a OTHOCJ.1TCR K rpyITrre Hei1poreHHbIX CKOJIJ1O3OB, KO

TOpbIM rrp11cyw;11 MHbre rra ToreHeT11qecK11e xa paKTe

p11cTJ1KJ.1 J1 cpyHKIJ.MOHaJibHbie HapyweHMR, qTo Tpe-

6yeT ,n;aJibHei1wero 113yqeH11R. 

BhIBOnhI 

1. B pe3y JibTa Te rrpoBe,n;eHHbIX 11ccJie,n;oBaH11i1 

BbIRBJieHbl CITeu,11cp11qecK11e ,[J;JIR CKOJIJ.1O3a J.13MeHeHJ.1R 

cpopMbI fJ.1CTOrpaMMbI , xapaKTep113yIOw;eiii qacTOTy 

ITORBJieHJ.1.H J.1HTepBaJIOB ,[J;BM:>KeHJ.1.H C ITOCTORHHbIMJ1 

CKOpOCTRMJ.1 rrp11 rrepeMeru;eHMJ.1 u,eHTpa ,n;aBJieHJ.1.H 

CTOIT Ha CTa6J.1JIOMeTp11qecKOM ITJia TC!)OpM e BO cppoH

TaJibHOM ITJIOCKOCTM. 

2. Ha OCHOBaHJ.1J.1 aHaJIM3a KpMBbIX pacrrpe,n;eJie 

HJ.1.H J.1HTepBaJIOB pa3JIJ1qHbIX ,Il;JIJ.1TeJibHOCTeiii, yrropR

,z:i;oqeHHbIX no BO3 pacTaHMIO cKopocTei-1 , o6HapymeHa 

3aBJ.1CJ.1MOCTb Mem.n;y KOJIJ.1qecTBOM J1HTepBaJIOB C pa3-

JIJ.1qHbIMJ1 CKOpOCTRMJ1 ,[J;JIR ,Il;JIJ.1TeJibHOCTJ.1 0,02 C J.1 

oco6eHHOCTRMJ.1 .n;11HaM11qecK11x rrpou,eccoB rrp11 y.n;ep 

maH1111 paBHOBeCMR B BepTMKaJibHOM ITO3e , xapaKTep

HaR ,Il;JIR o6cJie.n;yeMbIX C 11.n;11orraT11qecKJ.1M CKOJIJ.1O3OM 

I - II cTerreH11. 

3. Hai-1,n;eH ITPJ.13HaK - KOJIJ.1qecTBO J.1HTepBaJIOB 

,Il;BJ1:>KeHJ.1R C ITOCTORHHbIMJ.1 CKOpOCTRMJ1 ,Il;JIJ.1TeJibHOC

TbIO 0,02 c, I103BOJIRIOill;J1M orrpe,z::i;eJIRTb rrp11Ha,r:i;Jiem 

HOCTb o6cJie,n;yeMoro K rpyrrrre p11cKa ITO CKOJIJ.1O3y. 

4. Pa3pa6oTaHa MeTo,n;11Ka cKp11H11HroBoiii .n;11arHo

CTJ1KJ1 Ha qaJibHbIX CTeITeHeiii CKOJIJ1O3a C J1CITOJib3OBa

HJ1eM .n;arrnoro rrp113HaKa, KOTopaR He Tpe6yeT rrp1106-

peTeH11R ,z::i;oporocTORill;MX arrrra pa THbIX KOMITJieKCOB J1 

I1O3BOJIReT cpopM11poBa Tb rpyrrrrbI pMCKa ITO CKOJIJ1O3Y 

Bpa qaM o6w;eiii rrpaKTMKM MJIJ.1 cpe,n;HeMy Me,n;11u,11Hc

KOMY rrepcoHaJiy ,n;JIR ,z::i;aJibHeiiiwero HarrpaBJieHMR 

3TJ1X rrau,11eHTOB rrpocpMJibHbIM crreu,11aJIJ1CTaM. 
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OllEPATIIBHOE JIEqEHIIE EOJIE3HII JIEMEPX03E Y IIAUMEHTKII 
C MYKOl10JIIICAXAPII,[(030M I TIIIlA (fYPJIEP - IIIEME) 

H.A. KopbtUlKOB) JI.K. Muxau.1wea) A. C. Xoa:>1C,uee 

cpfBY «UeHTpaJihHhIH Hayc:rno-11cc.rre,n;oBaTeJihCKI1J1 I1HCTI1TYT TpaBMaTo.rror1111 11 opTorre,n;1111 11M. H.H. Ilp11op0Ba» 
M11H3,n;paBa Pocc1111, MocKBa, pep 

llpeacmaeJLeHo onucaHue na11iueHmKu 29 JLem c MyKonoJLucaxapuao3oM I muna u KOHmpaKmy
pou Jieaaepxo3e. llpu ocMompe noaoweeHHbtX noeepxHocmeu o6eux cmon 06paU1iaJLu Ha ce6R 
BHUMQHUe onyxoJLeeuaHbte 8btnRitU8QHUR Henpa8UflbHOU (jJopMbl pa3MepaMU iJo 6, 5 CM, pe3KO 
6oJLe3HeHHbte npu naflbna11iuu. Ila11iueHmKe nocJLeaoeameflbHO Ha aeyx cmonax BbtnOJLHeHbt 
onepa11iuu c ucceiteHueM noaoweeHH020 anoHeepo3a u (jJu6po3HbLX y3JLoe Ha (jJoHe namo2eHe
muitecKou 3H3UM03aMeU1ia10i«eu mepanuu. llocJLeonepa11iuoHHbtu nepuoa 6e3 ocJLOJK:HeHuu. )JaH
Hoe Ha6JL10aeHue ceuaemeJLbcmeyem o eo3MO:»eHocmu u 11ieJLecoo6pa3Hocmu KaK MOJK:Ho 6oflee 
paHHe20 BbtnOJLHeHuR y maKux na11iueHmoe onepa11iuu e cne11iuaJLu3upoeaHHbLX omaeJLeHuRx, 
itmo nO38OflRem eoccmaHoeumb onopocnoco6Hocmb cmonbt u 3HaituMo noebtcumb Kaitecmeo 
JICU3HU. 

K Jl IO q e B bl e C Jl 0 Ba : My'K0TI0JlJ1Caxapl1)l03, IlO)lOllIBeHHblH arroHeBp03, 6oJle3Hh Jlen
nepxo3e, onepau11~. 

Surgical Treatment of Ledderhose Disease in Patient with Mucopolysaccharidosis 
Type I (Hurler-Sheie) 

NA. Koryshkov, L.K. Mikhailova, A.S. Khodjiev 

Central Institute of Traumatology and Orthopaedics named after N .N. Priorov, 
Moscow, Russia 

Case report of a 29 years old female patient with mucopolysaccharidosis type I and Ledderhose 
disease is presented. Examination of plantar swfaces showed tumor like protrusions up to 6. 5 
cm, of irregular shape and extremely painful at palpation, on both feet. Resection of plantar 
aponeurosis and fibrotic nodes on both feet was performed against a background of pathogenetic 
enzyme replacement therapy. No complications were observed in postoperative period. This case 
illustrates that in such patients performance of early surgical intervention at specialized depart
ments is possible and reasonable, as it enables to restore weight bearing ability of the foot as well 
as significantly increases the quality of life. 

Key words: mucopolysaccharidosis , plantar aponeurosis , Ledderhose disease , surgery. 

KoHTpaKTypa Jle,z:i;,z:i;epxo3e - 3a60JieBam1e, o6yc

JIOBJieHoe pa3BJ1TMeM py6r.wBoro CMOpIJJ;MBaHMH no

,ll;OlIIBeHHOro arroHeBp03a. BrrepBbie OITMCaHa HeMeu;

K MM xMpyproM G. Ledderhose (1855-1925) [1]. B pe-

3 YJihTaTe ITOCTerreHHOro COKpar.u;eHMH arroHeBp03a 

rrpOMCXO,ll;MT cpopMMpOBaHMe crM6a TeJibHbIX KOHTpaK

TYP IV M V rraJihLI;eB cTorr [2]. 
Pa3BMTMIO 3a60JieBaHJ1H crroco6cTBYIOT THmeJihre 

(pJ/C3M-Y:eCKMe Harpy3KJ1, BCJie,[J;CTBMe -Y:ero MoryT B03-

HMKa Tb Ha,ri;pbIBbI arroHeBp03a (HarrpMMep, y crropT

cMeHOB, 3aHMMaIOIJJ;MXCH crropTMBHOH XO,[J;b6oi1 J1 6e

roM - cTai1epoB M MapacpoHu;eB), rrpM 3a60JieBaHJ1-

HX coe,ri;MHMTeJibHOH TKaHM (6oJie3HJ1 HaKOITJieHMH). 

Ilo xo,ri;y cyxomMJIMH crn6a TeJiei1 rraJihLI;eB cpopMM

pyroTCH y3eJIKOBbie yrrJIOTHeHMH , HaITOMMHaIOr.u;Me 

KOHTpaKTYPY ,UrorrIOMTpeHa. II pM rrporpeccMpoBaHMM 

npou;ecca rro,ri;ourneHHbIH arroHeBpo3 yKopa -Y:MBaeT

cH, -Y:TO rrpMBO,[J;MT K cpJieKCJ1J1 CTOilbI, crM6a TeJibHOH 

KOHTpaKType rraJihLI;eB J1 HapyrneHMIO I10XO,[J;KJ1. KoH

cepBa TMBHOe Jie-Y:eHMe KOHTpaKTYPbI Jle,ri;,ri;epxo3e He-

3cpcpeKTJ1BHO. IloKa3aHa orrepa TMBHaH KoppeKLI;MH C 
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Mcce-Y:eHMeM rropameHHoro arroHeBpo3a. Ha paHHMX 
CTa,D;MHX 3a6oJieBaHMH B03MO:>KHO BbI3,D;OpOBJieHMe C 

BOCCTaHOBJieHMeM cpyHKLI;J1J1 CTOilbI J1 rraJibLI;eB. 

Ilo,ri; HallIMM Ha6JIIO,[J;eHJ1eM HaXO,[J;MJIOCb 4 rrau;M

eHTa C 6oJie3HbIO Jle,ri;,ri;epxo3e, J13 HMX y O,[J;HOH 6bIJia 
BbIHBJieHa reHeTM-Y:eCKM o6ycJIOBJieHHaH rraTOJIOfMH 

- 6oJie3Hh HaKorrJieHMH, MyKorroJIMcaxapM,ri;o3 I TMrra 

[3 , 4]. IlporpeccMpoBaHMe rrpou;ecca cMopr.u;MBaHMH 

ITO,[J;OWBeHHOfO arroHeBp03a y Hee rrpOM30llIJIO ITOCJie 

6epeMeHHOCTJ1 M po,ri;oB. 

B ,ll;OCTYITHOH JIMTepaType HaM He BCTpeTMJIOCb 

OITMCaHMH orrepa TMBHOro Jie-Y:eHMH rrau;MeHTOB C MYKO

ITOJIMCaxa pM,z:i;030M I TMrra (fypJiep - Illei1e) M 6o

Jie3HhIO Jle,ri;,ri;epxo3e. 

Ilpe,ri;cTaBJIHeM co6CTBeHHOe KJIJ1HJ1-Y:eCKOe Ha6JIIO

,ri;eHMe. 

6 on b Ha~ 6. , 29 neT. )],111arH03: 6one3Hb ne,l]J].epxo3e 
cp1t16poMaT03 nOAOWB8HHOro anoHeBp03a 06e1t1x CTOn; 

MyKonon1t1caxap1t1A03 I rnna (1ypnep - We111e) , cy6HaH1t13M 
(POCT 147 CM); MHO>K8CTB8HH618 KOHTpaKTypbl KpynHblX cyc
TaBOB; xpOHW-18CKa~ yMepeHHa~ >Kene30A8Q)lt1L.J,lt1THa~ aHe-



BeCTHMK r paBM aTOflO, MM v1 oprone.n,v1v1 MM. H . H . npv1opoaa . 2015, NQ 1 

Ml/1s:1 ; nOMYTHe H111e poroBl!IL..1,61, A BYCTOPOHHs:ls:I BTOpwrnas:i rna

yKOMa ( oneparnsHoe ne4eHv1e cnesa ), aTpo¢111s:1 3pv1TenbHO
ro Hepsa cnesa; KaPAl/10Mv1onaTv1 s:1 , Mv1TpanbHb11/1 HepesMa
Tl/14eCKl!11!1 nopoK C npeo6naAaH111eM CTeH03a , HeAOCTaT04-
HOCTb Ml!ITpanbHOro KnanaHa II CT. H I; Cl/1HAPOM KapnanbHO 
ro KaHana; xpOHl/1 4eCKl/1 1/1 Ll, l/1 CTl!1T , nv1enOH e ¢pv1T (peMl/1CCl/1s:!) ; 

xpOHl/14eCKl/11/1 racTpl/1T ( peMl/1CCl/1s:1) . 

Vl3 aHaMHe3a: OT BTOpblX HOpM an bHblX POAOB . 8 nepv1-

0A c 4-ro AO 10-1!1 Mecs:iu. >K l/1 3Hl/1 ne1.rnnacb B nonv1Knv1Hv1Ke 
no MeCTY >Kl/1TenbCTBa C A l/1arHO3OM «A l/1 Cnn a31/1s:I Ta3o6eA

peHHblX cycTaBOB» C npv1 MeHe Hl/1eM OTBOAs:IW,el/1 Wl/1Hbl. J],o 
3 neT 4acTo 6onena pv1H111TaM v1, 0Tv1TaMv1 , OPBVI . B so3pa
cTe 3 neT, s 1987 r., Bbls:IBneHbl AeQ) l/1 Ll,l/1T MaCCbl Tena , 
OTCTasaHl/1e B pocTe, r eHeTl/1 KOM 3anOA03peHa 6one3Hb Ha
KOnneHl/1s:I. 8 MoCKOBCKOM M eAl/1KO-re HeTW--leCKOM u.eHTpe 

noCTasneH Al/1arHo3: MyKononv1caxap111A03 I Tv1na (fypnep 
- Wel!le) . C 2008 r. crnna nony4aTb 3H31/1M03aMew,a10-
w,y10 Tepan11110 npenapaTOM «AnbAypa31/1 M». B 2010 r . na
u.v1eHTKa POAl!lna CblHa (Macca Tena 1852 r , poCT 43 CM ), 
poAopa3peweH111e onepaT111 BHblM nyTeM. C 20 10 r . Ha6n10-
Aanacb B aM6ynaTOpHo - non111 Knll1Hl/14 eC KOM OTAeneH l/11/1 
Ll,VITO no noBOAY KOHTpaKTyp s Ta3o6eApeHHblX cyCTasax. 

C 2011 r . nos:is111nv1cb 3aTPYAH eHv1 s:1 np111 XOA66e , Bblpa
>KeHHbll/1 6oneBOl/1 Cl!IHAPOM s 06ev1x CTOnax . B Mae 20 13 r . 
661na KOHcynbTv1posaHa cn eu.v1an 111 cTaM 111 rpyn nbI naTonor111 111 

Pwc. 1. BHeurnMM BM,n: o6eMx CT0TI ,n:o on epau;MM. 
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CTOnbI 111 roneHOCTOnHoro cycTasa TpasMaTonoro-opTone
AW-lecKoro OTAeneH111s:1 s3pocnbIx Ll,VITO . npeAbs:isns:ina >Ka
no661 Ha 6onb B nOAOWBeHHOl/1 nosepxHOCTl/1 06e111x CTOn B 
noKOe 1/1 np111 XOA66e , Ae¢opMaL.1,llllO nOAOWBeHHOl/1 nosepx
HOCTl/1 , oco6eHHO nOA ronosKaMl/1 IV 1/1 V nnlOCHeBblX KOCTel/1. 
Ha 1!13MeHeHl!ls:I Ha nOAOWBeHHblX nosepxHOCrnX CTOn 06pa
T111na BHl!IMaH111e 3 rGAa Ha3aA. CBs:!361BaeT CBOIO Ae¢opMa
Ll,1!1IO CTOn C HOWeHl!leM >KeCTKOl/1 , nnOCKOl/1 06ys111. MeCTHb/111 

CTaTyc: KO>KHble noKpOBbl 06e111x Hl/l>KHl!IX KOHeYHOCTel/1 0661Y
HO l/1 OKpaCKl/1 . OTMeYaeTCs:I KOM6111H1!1pOBaHHOe nnOCKOCTO
n111e 06e111 x CTOn . np111 OCMOTpe nOAOWBeHHblX nosepXHOC
Te l/1 06e111x CTOn 06paw,a10T BHl/1MaH111e Bblns:IYl!IBaHl!ls:I B Bl!IAe 
OKpyrnblX o6pa30BaH1!11/1 Henpas111nbHOl/1 Q)OpMbl pa3MepaMl!1 
OT 2- 3 AO 6 ,5x5x2 ,5 CM (p111c. 1 ). np111 nanbnau.111111 an0Hes
po3a Bblpa>KeHHas:i 6one3HeHHOCTb Ha BCeM npoTs:i>KeHl/1111, a 
s o6nacrn pa3pacrnH1111/1 6onb «ocTpas:i». J],s111>KeH111s:1 s cycrn
sax cpeAHero OTAena 06e111x cTon He3HaY111TenbHO orpaH111-
YeHb1. YyBCTBl!ITenbHOCTb 1/1 1!1HHepsau.111s:1 06e111x CTOn He Ha
pyweHbl. 

6 61na rocn111Tan1113111posaHa s OTAeneH111e opToneA111111 
B3POCnblX Ans=! onepaTl!IBHOro neYeHl!ls=I . 

no AaHHblM Y3Vl - KaprnHa 1!13MeH8HHOro nOAOWBeHHO
ro anoHespo3a c ¢1116po3Hb1M111 y3naM111 . Ha npasol/1 crnne 
B1!1 3yanl!131!1pyeTCs=! caMoe KpynHoe CO8Al!IHl/1T8nbHOTKaHHO8 

pa3paCTaHl/18 pa3MepoM 6,5x5x2 ,2 CM nOA ronoBKOl/1 V nnlOC
H8B01/1 KOCTl/1 1/1 5 MenKl!IX 1/1 CP8AH8ro pa3Mepa o6pa30BaH1!11/1 
OT 0,4x1x1 ,5 AO 3x1x0 ,5 CM Ha yposHe CBOAa CTOnbl. Hane-
80 1/1 CTOne caMbll/1 KpynHbll/1 y3en pa3MepoM 5,5x5x3,5 CM TaK
>Ke noKanl!13OBancs:i nOA ronOBKOl/1 V nnlOCH8BOl/1 KOCTl/1, pa3-

M8pbl OCTanbHblX sapb111posan111 OT 0 ,3x1x1 ,5 AO 3x1x0,8 CM. 
COCYAll1CTO-H8pBHbl8 nyYKl/1 nOAOWB8HHOl/1 nosepxHOCTl/1 o6e-
1!1X CTOn 6e3 naTonor111111 , KpOBOTOK no Marl!ICTpanbHblM cocy
AaM CTOnbl coxpaHeH. 

neYeHl/18 npoBeAeHO B ABa 3Tana . 03.07.13 Ha npaBOl/1 
CTone BblnOnHeHa onepau.111s=i - l!ICCeYeHl/18 nOAOWBeHHOro 
an0Hespo3a (p111c. 2) . nono>KeH111e 6onbHOl!I Ha >K111sorn . noc
ne TW,aTenbHOl/1 TpexKpaTHOl/1 o6pa60TKl/1 npaBOl/1 CTOn~ 1/1 

roneHl/1 paCTBOPOM aHTl!ICenTl!IKa Ha sepXHIOIO TpeTb roneHl/1 
Hano>KeH pe31!1HOBbll/1 >KryT . npo1!13BeAeHa npOBOAHl!IKOBas=i 

aHecrn3111s=i no A.IO . naw,yKy [5] - 06Kanb1saH111s=i pacTBopoM 
Hapon111Ha (0 ,75%, 20 Mn) nep111¢ep111YecK111x Hepsos no OK
PY>KHOCTl/1 Hl/l>KHel/1 Tpern roneHl/1 . BblnOnHeHbl npOAOnbHble 

pa3pe3bl no MeA111anbHOMY 111 narnpanbHOMY Kpas:iM npaBOl/1 

CTOnbl (p111c . 2 , a- B) . 1111AP8Bnl!IY8CKOl/1 npenapOBKOl/1 0,5% 

Pwc. 2. 3TaTibI on ep a u;MM Ha npa

BOM CT0Tie. O6'b.HCHeHM.H B TeKCTe. 
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P11c. 3. 3Tan onepaQJ.1Jt1 Ha 
JieBOM Hore: 1,1cceqem1e no
,z::i:orrrneHHoro anoHeBp03a, 
Ha q1,1Ha.H c II.HToqHoro 6yr
pa. 

P11c. 4. BHernHMM BM,n: 06e-
1,1x CTOII qepe3 3,5 Mee IIOC
Jie onepaQMM Ha JieBOM 
CTOIIe. 

pacrnopoM HOBOK31/1Ha OCTpo 1/1 Tyno pa3b8Al/1H8Hbl MSffKl/18 

TK3Hl/1, l/1CCe'-leHbl ct)l/16po3Hble y3nbl BM8CTe C nOAOWBeH

HblM anoHeBpO3OM , H3'-ll/1Has=i OT All1CTanbHblX OTAenos (p111c . 

2, r) nOAOWBeHHoro an0Hespo3a AO MeCTa ero np111Kpenne
H111s=i K ns=iTO'-IHOMY 6yrpy. PaHbl npOMblTbl aHrncenTl/1K3Ml/1, 
npoBeAeH r8MOCTa3 . Hano>KeHbl KO>KHble WBbl (p111c. 2 , ,a) , 
acenT111YecKas=i noss=i3Ka. 

naTor111cTonor111YecKoe 111ccneAOBaH111e 111cceYeHHoro Ma
rnp111ana OT 15.07.2013. MaKponpenapar nnoTHbIe AOnbYa
Tble cpparMeHTbl >KenTosaTo-ceporo u,sern c cpoKycaM111 >K111pa 
pa3MepoM 6,5x5 AO 2 CM . Ha pa3pe3e rn>Kl/1CTas=I TKaHb ce
posaTo-6enecosaToro u,sern MecrnM111 oKpy>KeHa Kancyno111. 
Ll,111Tonor111s=i: Mll1KPOCKOnll1'-leCKas=i KaprnHa nnaHTapHoro cp1116-
poMaT03a. 

B nocneonepau,1110HHOM nep1110Ae nonyYana u,ecpTp111aK
coH 1 r BHYTPll1MbIWe'-IHO 5 AHel/1, TpeHTan 5 Mn B 250 Mn 
0,9% (pl/131/10nOrll1'-leCKOro pacrnopa BHYTPll1BeHHO KanenbHO , 
KeTOHan 2 Mn np111 6ons=ix, npoMeAOn 2% 1 Mn B nepBbll/1 
AeHb nocne onepau,111111, Ml/1KCeAOn 200 Mr BHYTPll1BeHHO Ka
nenbHO 3 ,l],Hs=I. 

AKTv1sv13111posaHa Ha 2-e cyTKl/1 nocne onepau,111111, XOA111na 
npv1 nOMOW,1/1 KOCTblne111 , He Harpy>Kas=i onepv1poBaHHYIO KO
He'-IHOCTb. B~nv1caHa 1,,13 cTau,1110Hapa Yepe3 2 HeA nocne 
onepau,v1111, nocne cHs=irns=i wsos . C AOnonH11nenbHOIII onopo111 
xo,LJ,111na s TeYeH111e 1 Mee , a Ha ns=iTKy HaYana np111CTynaTb co 
2-111 He,LJ,en111 . B TeYeH111e Tpex Mecs=iu,es nocne onepau,1111,,1 
nonb30Banacb ren111eBblMl/1 CTenbKaMl/1 B 0661'-IHOI/I 06ys111. 

KOHTpOnbHbll/1 OCMOTP 29 .11 .13: cnpasa - COCTOs=IHl/1e 
nocne onepau,111111 (111cceYeHv1e noAowseHHoro anoHespo3a) , 
nOAOWBeHHas=i nosepxHOCTb posHas=i , nocneonepau,1110HHbIe 
py6LJ,bl Ms=lrK111e, nOABl/1>KHble , 6e36one3HeHHble. 3a>K111BneH111e 
nOA CTpynoM. npv1 XO,l],b6e 1/1 CTOs=IHl/11/1 6one111 1/1 A111CKOM<:pop
Ta co CTOPOHbl npaBOl/1 (onepv1posaHHOIII) HOrl/1 He l/1CnblTbl
BaeT. 

10.02.14 BTOpblM 3TanOM BblnOnHeHa aHanOrl/1'-IHas=i one
pau,111s=i Ha neBOl/1 CTone. EA111HCTBeHHblM OTnl/1'-ll/1eM 6b1no TO , 
'-ITO 111cceYeHv1e nO,l],OWBeHHOro anoHespo3a C cpv16p03HblMl/1 

y3naM111 Ha'-l111Han111 He OT ronOBOK ns=iCTHblX KOCTel/1, a OT ns=i

TO'-IHOro 6yrpa, YTO cyw,ecrneHHO 06nerY111no nposeAeH111e 
MaH111nyns=iu,v1111 (pv1c . 3). Ha KO>KY HaHeceHbl APeH111py10w,111e 
HaCe'-IKl/1. PaHbl npOMblTbl aHTl/1CenTl/1KaMl/1. >KryT CHs=IT , npo

BeAeH reMOCTa3. Hano>KeHa nOBs=13Ka no M111Kynv1Yy C l/1C

nonb3OBaHl/1eM Hl/1Telll KO>KHblX WBOB. 

nocneonepau,1110HHoe seAeH111e He orn111Yanocb OT TaKo
soro nocne sMewaTenbcrna Ha npaso111 cTone . 

npv1 KOHTpOnbHOM OCMOTpe Yepe3 3 ,5 Mee nocne one
paU,1111/1 Ha neso111 cTone >Kano6 He npeAbs=isns=ieT. Onopocno
co6HocTb 06e111x CTOn BOCCTaHOBneHa B nonHOM o6beMe 
(pv1c. 4). 

B TeYeHv1e scero nep1110,LJ,a Ha6n10AeH111s=i nau,111eHTKa no
nyyana 3H31/1MOTepanv110 npenapaTOM «Harna3111M». 

HeKOTOpbie opTorre,D;bl I136eraIOT orrepMp0Ba Tb rra -

QMeHT0B C MYK0II0JIJ.1CaxapI1,D;030M, rrpe,z:i;rroJiaraH oc

JI0JirneHH0e II0CJieorrepaQM0HH0e TeqeHMe. B rrpe,z:i;cTaB

JieHH0M Ha6JIIO,l];eHI1J.1 HJ.1 B 0,l];H0M CJiyqae TeqeHMe II0C

JieorrepaQM0HH0ro rrepMo,n;a He corrpoBom,n;aJiocb pa3-

BMTMeM rHOMH0-B0CITaJIMTeJibHbIX 0CJI0.tKHeHMM. 

Ha Haw B3r JIH,D;, TaKMX rraQMeHT0B M0)KH0 I1 Hy.tK

H0 orrepMpoBa Tb B 6oJiee paHHMe cpoKM, 06ecrreqJ.1B 

TeM caMblM II0BbIWeHMe KaqecTBa MX )KJ.13HJ.1. O,z:i;Ha

K0 JieqeHMe He06XO,lJ;I1MO rrp0B0,lJ;I1Tb T0JibK0 B ycJI0-

BMHX crreQMaJIM3MpoBaHHbIX oT,z:i;eJieHMM. BamHbIM 

8JieMeHT0M ,D;MarH0CTMKJ.1 I1 rrpe,z:i;orrepaQI10HH0r0 IIJia -

HMpoBaHMH TaKMX rraQMeHT0B cqJ.1TaeM Y3M HMm

HMX KOHet.{HOCTeM C orrpe,z:i;eJieHMeM K0JIJ.1qecTBa I1 

cpopMbl cpI16p03HbIX Y3JI0B B II0,D;0llJBeHH0M arroHeB

po3e, BepI1cpI1KaQMeM pacrr0JI0.tKeHMH cocy,z:i;MCT0-

HepBHbIX rryqKQB IIO,D;OWBeHHOM II0BepxH0CTJ.1 CT0II. 

HeMaJioBa.tKHbIM cpaKTopoM, crroco6cTBYIOI.IJ;I1M 6b1c

Tp0My 3a)KJ.1BJieHI1IO paH, HBJIHeTCH rra T0reHeTJ.1qec

KaH 8H3I1M0TeparrJ.1H. 
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IIPMMEHEHME PMBAPOKCABAHA ~JUI IIPO<DMJIAKTMKM TPOME03MEOJIMqECKMX 
OCJIO)KHEHMM IIOCJIE 3H~OIIPOTE3MPOBAHMH KPYIIHhIX CYCTABOB B YCJIOBMHX 
PEAJihHOM KJIMHMqECKOM IIPAKTMKM B POCCMM (ITO ,UAHHhIM IlPOCITEKTMBHOfO 

MHOfOUEHTPOBOfO HEMHTEPBEHUMOHHOfO MCCJIE,I(OBAHM.H COITPAHO) 

H.B. 3a2opoa,wu, K.M. EyxmuH (no nopytteHUIO KOMaHabt UCCJleaoeamefleU COIIPAHO) 

cI:>f BY «U ettTpaJJbHbIM ttay-LIHo- v1ccJ1e.n;oBaTeJ1bCKMM MHCTMTYT TpaBMaToJ1or1,11,1 1,1 opTorre.uv1v1 MM. H.H. IIpv1opoBa» 

M v1tt3.n;paBa Poccv1v1 , MocKBa , pep 

B cmambe npeacmae1zeHbt pe3yflbmambt nepeow omettecmeeHHOW JZ OKaJZ bHOW npocneKmueHo-
20 MYJ1 bmuu,eHmpoeo20 Ha6JlloaameJZ bH020 uccJZeaoeaHUJl c yttacmueM 2293 nau,ueHmoe, noJZy
ttaewux pueapoKca6aH e Kattecmee cpeacmea mpoM6onpocjJuJZaKmuKu nocJZ e 3Haonpome3upo
eaHuJl Kpyn HblX cycmaBOB. J1CCJleaoeaHUe npoeeaeHO 8 ycJZOBUJlX <<peaJZ bffOU Kfl UffUiteCKOU npaK

mUKU», m.e. 6 e3 U3MeHeHUfl 06btitff020 n opflaKa OKQ3QffUfl MeauU,UffCKOU nOMOt«U nocJZe onepa

U,UU . EblflU u3ytteHbt aeMocpacpuitecKue noKm ameJZ u, pacnpocmpaHeHHocmb Omflctta101«ux aHaM
HecmuttecKux cjJaKmopoe, Komopbte onpeaeflfl 10m pucK pmeumufl mpoM603M6oJZ uu, a maKJJCe 
HeJ1ceJZ ameJZbffbte flBJZ eHUfl ( Hf!) Ha cjJoHe npueMa npenapama. JlepepbtBbt e npueMe pueapoK
ca6aHa 6btflU omMe tteHbt y 5% nau,ueHmoe. Bcew 6btfl o 3apewcmpupoeaHo 52 HeJJCeJZ ameJZ b
HbtX flBJleHUfl y 45 nau,ueHmoe, npuiteM mOflbKO 8 11 CflyitaJlX Hf! 6btflU C8fl3Qffbl C npueMOM 
PueapoKca6aHa. Jletta1«ue epaitu ou,eHuJZ u 3cpcpeKmueHocmb npuMeHeHUfl npenapama KaK otteHb 
xopo111y10 u xopowy,-o afl fl 97, 9% nau,ueHmoe, nepeHocuMocmb - aflfl 98,8% nau,ueHmoe. 
JloaaeJZfllOt«ee 6oJZ bUJUHcmeo (98, 4%) nau,ueHmoe noJZ oJJCumeJZ bHO ou,eHuJZ o yao6cmeo npuMe
HeHUfl UCCJl eay eM 020 nepopa!lbHO20 aHmUKOacyflflHma. YcmaHOBJleHO, itmo 3cpcpeKmU8ffOCmb 

pueapoKca6aHa e ycJZ oeuflx oco6eHHocmeu opcaHu3au,uu Meauu,uHcKou noMot«u e Poccuu co
nocmaeuMa C maKOBOU, npoaeMOHCmpup08QffffOU 8 3apy 6eJJCHblX UCCJleaoeaHUJIX. 

K JI IO q e Bbl e C JI OB a : 3H,[(OIlpOTe311poBam1e, TpOM6orrpocp11JiaKTl1Ka , rrepopaJibHbIM 
aHTl1KOaryJUIHT' p11BapoKca6aH, TpOM603 rny60K11X BeH' TpOM603M60Jil15I nerOl!HOM apTe
pm1. 

Use of Rivaroxaban for Prevention of Thromboembolism after Major Joints Arthroplasty 
under Conditions of Real Clinical Practice in Russia ( on the data of prospective multicenter 

non-interventional study SOPRANO) 
N. V. Zagorodniy, K.M. Bukhtin (on a commission from research team SOPRANO) 

C en t ral Institute of T raumatology and Orthopaedics named after N .N . Priorov, 

M oscow , Russia 

Results of first Russian local prospective multicenter observational study with participation of 
2293 patients who received rivaroxaban for prevention of thromboembolism after major joints 
arthroplasty are presented. The study was pe,formed under conditions of «real clinical practice>> , 
i.e. without any changes in postoperative management. Demographic indices, prevalence of 
aggravating anamnestic factors that determined the risk of thromboembolism development, and 
adverse effects ( AE) against the background of drug intake were studied. Interruptions of 
rivaroxaban intake were noted in 5% of patients. The number of AE made up 52 in 45 patients 
and only in 11 cases AE were associated with rivaroxaban intake. Drug efficacy and tolerance 
was assessed by physicians as excellent and good in 97. 9% and 98. 8% of patients, respectively. 
The overwhelming majority (98. 4%) of patients appreciated the convenience of oral anticoagu
lant intake. It was stated that under conditions of the organizational peculiarities of medical care 
in Russia the efficacy of rivaroxaban was comparable to that, demonstrated in foreign studies. 
K e y w o r d s : arthroplasty, prevention of thromboembolism, prevention of thromboem
bolism , rivaroxaban, deep vein thrombosis , pulmonary embolism. 

TpoM6 0 3 r Jiy6oKMX BeH HM.IKHMX KOHeqHQCTe:vr M 

TpoM603M6o JIMR JieroqHo:vr apTepMM (T3JIA) RBJIRIOT

CR O,ll;HMM M M3 caMbIX TR.IKeJibIX IlOCJieorrepau;MOHHbIX 

OCJIO.IKHeHMM B opTorre,z::i;MqecKOM rrpaKTMKe. rr PM OT

c yTCTBMM a~eKBaTHOM rrpotj:>MJiaKTMKM qacTOTa MX 

p a3BMTMR IIOCJie 3H,ll;OIIpOTe3MpOBaHMR KpyrrHbIX cyc

T aBOB MO.IKeT ~OCTMra Tb 5 0%. 
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K Tpa,n;Mu;MOHHO rrpMMeHReMbIM B opTorre,n;MM aH

TMKOary JIRHTaM OTHOCRTCR Hetj:>paKu;MOHMpOBaHHbie 

rerra pMHbI (H cf> f), HM3KOMOJieKy JIRpHbie rerra pMHbI 

(HMf), tj:>oH,n;arrapMHYKC M aHTarOHMCTbI BMTaMM

Ha K [ 1 -4]. Kam,n;aR rpyrrrra rrperra pa TOB MMeeT rrpe 

MMyr..u;ecTBa, He,n;ocTa TKM M orpaHw-IeHMR B MCIIOJib-

30BaHMM. 
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CornacHo peKoMeH,n;au;MRM aHTMKoarynRHTHYIO 

TepanMIO CJie,n;yeT npOBO,ZJ;MTb B TeqeHMe 5 He,n; noc

Jie onepau;MM, T.e. IlOCJie BbITIMCKM nau;MeHTa J13 CTa

IJ;MOHa pa. IlpM 8TOM, KaK TIOKa3bIBaeT Harn OilbIT, 

B03HMKaeT cepbe3HaR npo6JieMa npMBepmeHHOCTM 

nau;MeHTOB npMHMMaeMOJ1 TepanMM. Ha 8Tane aM-

6yJiaTOpHoro ,ZJ;OJieqJ1BaHJ1R 60JiblIIJ1HCTBO nau;MeH

TOB J1 yxaJKMBarow;Me 3a HJ1MJ1 JIMIJ;a CTaJIKMBaIOTCR 

C Tpy,n;HOCTRMM BBM,n;y Toro, qTo lIIMpOKO npMMeHR

eMbie TIOCJie 8H,ZJ;OnpoTe3MpOBaHMR Hct>r, HMr J1 

cpoH,n;ana pMHYKC Tpe6yroT pery JIRpHoro TIO,ZJ;KOJKHO

ro BBe,n;eHMR [ 5]. MMeHHO no 8TOJ1 npJ1qJ1He MHOrMe 

nau;MeHTbl caMOCTORTeJibHO npeKpaw;aroT npocpM

JiaKTJ1qecKJ1J1 Kypc aHTMKOary JIRHTOB paHblIIe o6o-

3Ha qeHHOfO cpoKa. K orpaHJ1qeHJ1IO npMMeHeHMR re

na pMHOB (M MX npOM3BO,ZJ;HbIX) TaKme MOJKHO OTHec

TM pMCK pa3BJ1TJ1R rena pMHMH,n;yu;MpOBaHHOJ1 TpOM-

6ou;MTOTieHJ1J1 [ 6]. 
B PoccMM aHTMKoary JIHTHYIO TepaITMIO ITocne 8H

,n;oITpoTe3MpoBaHMH KPYITHbIX cycTaB0B Heo6xo,n;MMO 

Ha3Ha qa Tb C yqeT0M BaJKHOM oco6eHHOCTJ1 Harne:i1 

CTpaHbl. Hepe,n;KO BMernaTeJibCTBa BbIIT0JIHHIOTCR ITa

u;MeHTaM, ITP0JKMBaIOw;MM B MaJI0HaCeJieHHOM MeCT

H0CTM, B 0T,ll;aJieHH0CTJ1 OT Jieqe6HO-ITpocp11naKTJ1qec

KJ1X yqpem,n;eHMM, a IT0T0MY qpe3BbJqa:i1HO aKTyaJib

HblM ITpe,n;cTaBJIHeTCH J1CITOJib30BaHMe 8(1)(1)eKTJ1BHOf0 

11 6e3oITacHoro aHTMKoaryJIHHTa , He Tpe6y10w;ero MH'b

eKIJ;MOHHoro BBe,n;eHMH , KOTOpbIM MOJKHO ITPMMeHHTb B 

TeqeHMe ,ZJ;JIMTeJibHOfO ITep110,n;a (B TOM q1,1cne ITOCJie 

BblITMCKM ITau;11eHTa 113 CTau;110Ha pa). 

Y qJ1TbIBaH BbillleJ13JIOJKeHHOe , OITTMMaJibHbIM aH

TJ1K0ary JIHHTHbIJ1 ITpeITapaT ,ll;0JIJKeH 0TBeqaTb CJie

,n;yrow;MM Tpe6oBaHMHM: 6bITb ITepopaJibHbIM, MMeTb 

lllMpOKOe TepaITeBTJ1qecKoe OKHO , xa paKTep1130Ba Tb

CR HJ13KJ1M p11CKOM KpOBOTeqeHMM ITPM OTCYTCTBJ1J1 

Heo6XO,ll;J1MOCTJ1 B IT0CT0HHH0M K0HTp0Jie IT0Ka3aTe

nei1 KpOBM , He MMeTb 3Ha qJ1MbIX JieKa pCTBeHHbIX J1 

ITMw;eBbIX B3aMMO,ZJ;eMCTBJ1M , a TaKme, ITO B03MOJKHOC

TJ1, B03,ZJ;eMCTBOBaTb TOJibKO Ha O,ll;MH cpaKTOp CBepTbl

BaHMR Kp0BJ1 [7, 8]. B HaCT0Hw;ee BpeMH pa3pa6oTaHO 

HeCKOJibKO aHTMKOary JIHHTOB , OTBeqa10w;11x ,n;aHHbIM 

Tpe6oBaHMHM, K0T0pbie IT0,ll;aBJIHIOT T0JibK0 0,ll;MH cpaK

T0p CBepTbIBaHMH , HaITpMMep TpOM6MH J,1JIJ,1 aKTJ1BJ1-

poBaHHbIM cpaKTOp X (cpaKTop Xa). 

UenhIO HacToRw;ero 11ccne,n;oBaH11H 6bwo ou;eHMTb 

TpOM6onpocpMJiaKTMKY C J1CIT0Jib30BaHMeM ITepopaJib

H0f0 aHTMKOaryJIRHTa pMBapoKca6aHa (KcapeJITo®) 

B ITocneoITepau;J.10HH0M ITepMo,n;e B ycnoBMRX «peaJib

HOM KJIJ1HJ1qecKo:i1 ITpaKTMKJ.1» y ITau;MeHT0B, ITepe

HecrnMx 8H,ZJ;OITpOTe3MpOBaHMe KPYITHbIX cycTaBOB. 

3a,n;a qaMM MCCJie,ZJ;0BaHMR 6bWJ1 J13yqeHJ1e ,n;eMorpa

cpMqecKOM xapaKTepMCTJ1KJ1 ITau;MeHT0B, BbIRBJieirne 

ITepepbIB0B B TpoM60ITpoet)MJiaKTMKe IT0CJie BbITIJ1C

KJ1 J.13 CTaIJ;M0Ha pa, c6op ,n;aHHbIX O Hemena TeJibHbIX 

RBJieHMRX ITPM J1CITOJib30BaHMJ1 ITpeITapaTa , ITOJiyqe

HMe ou;eHKJ.1 Jieqaw;Mx Bpa qe:i1 06 8(1)(1)eKTJ1BHOCTJ1 J1 

ITepeH0CMMOCTM ITPeITa pa Ta ITau;MeHTaMM, a TaKme 

MHeHMR ITau;MeHT0B 06 y,n;o6CTBe ITPMMeHeHMR ,n;aH

H0f0 JieKapcTBeHH0f0 cpe,n;CTBa BO BpeMR aM6yna

T0pHoro 8TaITa neqeHMR. 
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IIAQHEHThl J,f METO,Uhl 

Mccne,n;oBaHMe COIIPAHO ( «ProSpective 

multicentre nOn-interventional s tudy on 

comPliance and patient / doctoR behA v ior of VTE 

preventioN in major Orthopedic surgery» ) 6bIJIO 

JI0KaJibHbIM npocneKTMBHbIM MY JibTMIJ;eHTp0BblM He

J1HTepBeHIJ;J10HHblM. B MCCJie,ZJ;OBaHMe 6bIJIJ1 BKJIIO

qeHbl 2293 nau;MeHTa : 804 (35%) MyJKqJ1Hbl M 1489 
(65%) meHI..QMH B B03pacTe OT 19 ,n;o 93 neT (cpe,n;

HMM B03pacT C0CTaBMJI 60 ,08±11 ,54 JieT). Pa6oTa 

rrpoBe,ZJ;eHa B 53 cneu;MaJIM3Mp0BaHHbIX TpaBMaTO

JIOfJ1qecKJ1X J1 opTone,n;J1qecKMX OT ,n;eJieHMRX CTau;M-

0Ha poB PoccMM, r,n;e emero,n;Ho ocyw;ecTBJIRJIOCb He 

MeHee 50 OITepau;J1J1 nJiaHOB0fO 8H,ZJ;0ITpOTe3MpOBa

HJ1R KPYITHbIX cycTaB0B. 

Kpumepuu 81U1,10'l.le1iUJl B Ha6nro,n;aTeJibHYIO ITpo

rpaMMy: B03pacT cTaprne 18 JieT; ITpoBe,n;eHMe ITJiaHo

Boro ::rn,n;oITpoTe3MpoBaHMR K0JieHHoro MJIM Ta3o6e,n; 

peHHoro cycTaBa; ITJiaHMpyeMoe Ha3HaqeHMe Kcapen 

To® ,ZJ;JIR TpOM60ITpocpMJiaKTJ1KJ1 BeH03HbIX TPOM608M-

60JIJ1qecKJ1X ocnomHeHMM (BT3O) B cTau;MoHape ; IT0,n;

rrncaHHaR ct>opMa MHCt)OpMMpOBaHHOro corJiaCMH. Kpu
mepuu 1ie81U1,10'l.le1iUJl : ITPOTJ1BOITOKa3aHMR K npMMe

HeHMIO pMBapoKca6aHa corJiaCH0 ,n;eMCTByIOw;e:i1 J1H

CTPYKIJ;J1J1 K ITPeITa pa Ty; 0TKa3 ITau;MeHTa Ha nro6oM 

8TaITe OT yqacTMH B J1CCJie,ZJ;0BaHMJ1 ; JII06b1e ,n;pyrMe 

ITpJ1qJ1Hbl Me,ZJ;MIJ;MHCK0f0 J1 HeMe,ZJ;MIJ;MHCK0ro xa paK

Tepa , K0T0pbie , ITO MHeHMIO Jieqaw;ero Bpaqa, M0fJIM 

ITpeITRTCTBOBa Tb BKJIIOqeHMIO ITau;J1eHTa B Ha6JIIO,ZJ;a -

TeJibHYIO ITporpaMMY. 

AHaJIJ.13 ITpoB0,ZJ;MJIM ITO cne,n;yrow;MM rpynrraM na

u;MeHT0B. B ITepBot:i rpyITrre (Intent-to-treat , ITT ), B 

K0T0pyro BKJIIOqeHbl 2293 qeJIOBeKa - Bee ITau;MeH

Tbl , y KOTOpbIX ITOCJie 8H,ZJ;OITpOTe3MpOBaHMR KpyIT

H0ro cycTaBa ITp0BO,ZJ;MJIJ.1 TpOM60ITpocpMJiaKTMKY pM

Ba poKca6aHOM - ITpoaHaJIM3MpOBaHbl ,n;eMorpacpM

qecKMe J1 ,n;pyrMe MCXO,ZJ;Hble xa paKTepMCTJ1KJ1. Bo 

BTopo:i1 rpyITITe ( Per protocol, PP) - 2131 ITau;MeHT, 

KOTOpbIJ1 3aBeprnMJI Ha6nro,n;a TeJibHYIO ITporpaMMY 

cor JiaCHO ITPOTOKOJIY , - ou;eHJ1BaJIJ1 8(1)(1)eKTJ1BHOCTb 

ITpeITapaTa. IIonyAJi7.tu10 6e3onac1-tocmu cocTaBMJIM 

BCe ITau;MeHTbl , KOT0pbie XOTR 6bI 0,ZJ;H0KpaTHO ITpM

HRJIJ.1 pMBa poKca6aH TIOCJie BKJIIOqeHMR B Ha6nro,n;a

TeJibHYIO ITporpaMMY. 

B HaqaJie J1CCJie,n;oBaHJ1H ITau;MeHTbl ITp0XO,ZJ;MJIJ.1 

06cne,n;oBaHJ1e B C00TBeTCTBJ1J1 C Me,ZJ;MIJ;J1HCKOJ1 ITpaK

TJ1KOJ1 yqpem,n;eHMH , B KOTOpOM BbITIOJIHRJIOCb 8H,ll;O

ITp0Te3Mp0BaHMe. Ha6JIIO,ZJ;eHMe 3a ITau;MeHTaMJ.1 ITp0-

,ZJ;0JIJKaJIJ.1 B TeqeHMe Bcero ITepMo,n;a TpoM60ITpocpM

naKTMKJ1 cor JiaCH0 ITPMHRTOJ1 ITpaKTMKe. 

B xo,n;e MCCJie,ZJ;0BaHMH B YTBepm,n;eHHOJ1 cpopMe 

perMCTpMpOBaJIM Bee HemeJiaTeJibHbie HBJi eHMH (HH), 

B03HMKWMe c M0MeHTa ITepBoro ITpMeMa ITPeITa pa Ta. 

B cooTBeTCTBMe c ITpaBMJiaMM «Ha,n;nemaw;et:i KJIMHM

qecKot:i ITpaKTMKJ.1» 1-teJ1CeAameAb1-toe Ji8Jle1-tue oITpe,n;e

JIHeTCH KaK JII06oe He6naroITpMHTHOe c Me,ll;MIJ;J1HCKOJ1 

TOqKJ.1 3peHJ1R COCTOHHMe , B03HJ1Klllee y ITau;MeHT a , 

ITonyqJ1Brnero cpa pMau;eBTJ1qecKJ1J1 ITpo,n;yKT MJIM ITpe

ITa pa T ' He o6R3a TeJibH0 MMeIOw;ee ITpJ1qJ1HHYIO CBR3 b 

c ,n;aHHbIM neqeHMeM. II pH pa3BMTMM HH Ha6n10,n;eHMe 
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3a rrau;MeHTaMM rrpo,n;OJI:>KaJIM ,n;o CTa6MJIJ13aQJ1J1 MX 
COCTOHHMH. 

II pOTOKOJIOM J1CCJie,n;oBaHJ1H 6hIJIO 3arrJiaHMpOBaHO 

TPM BJ13J1Ta rrau;MeHTa K Bpaqy: BJ13J1T BKJIIOt.Je H MH B 

MCCJie,n;oBaHMe J1 ,n;Ba BJ13J1Ta Ha6mo,n;eHJ1H. 

Bu3um 61LJ1,101le1-lU.5i rrpOBO,[I;J1JIJ1 ITOCJie ITO,[I;ITMCaHMH 

rrau;MeHTOM MHcpopMMpOBaHHOro cor JiaCMH Ha yqacTMe 

B J1CCJie,n;oBaHJ1J1 J1 ,n;o orrepau;MM ITJiaH OBOrO 3H,[I;Orrpo

Te3MpOBaHJ1H. OcyUJ;eCTBJIHJIJ1 c6op ,n;eMorpacpMt.JeCKMX 

,n;aHHhIX, aHaMHe3a, Cf)J13MKaJihHhIM OCM OTP , p e rMCT

pau;MI-O corryTCTBYI-OUJ;eM TeparrMM ( BKJII-Ot.JaH aHTMKO

ary JIHHTHYl-0, rroJiyt.JeHHYID ,n;o orrep au;MM), a TaKme 

,n;aHHbIX O KJIJ1HMt.JeCKJ1 3Ha t.J J1MbIX OTKJIOH e HMHX OT 

HOpMbl B Jia6opa TOpHbIX aHaJIM3ax J1 B p e3y JihTa Tax 

YJihTpa3ByKoBoro aHrnocKaHMp oBaHMH (Y3AC) cocy 

,n;oB HJ1:>KHJ1X KOHet.JHOCTei-1. 

llep6blU 6U3Um 1-la6.11,108e1-lUJi BbIITOJIHHJIM ITOCJie 

orrepa TMBHOro Jiet.JeHMH Herrocp e,n;CTBeHHO rrep e,n; J1JIJ1 

B MOMeHT BhIITJ1CKJ1 rrau;MeHTa J13 CTaQMOH a p a. B x o ,n; e 

BJ13J1Ta OTMet.JaJIM xapaKTep rrp OBO,[I;MMOM TpOM6orr

pocpMJiaKTJ1KJ1 ITOCJie orrepau;MM, BJ1,[I; orrepau;MM J1 TMIT 

3H,n;orrpoTe3a, BM,n; aHecTe3MM, o6n eM MHTp aorrepau;M

OHHoi-1 KpOBOITOTepM, YTOt.JHHJIJ1 BpeMH Ha3H a t.J e HMH 

p vrnapoKca6aHa rrocJie orrepau;MM, ,n;aHHhre o rrocJie

orrepau;MoHHhrx OCJIO:>KHeHMHX, a TaKm e 3 Ha t.J J1MbIX 

OTKJIOHeHMHX OT HOpMbJ B Jia6opaTOpHbIX aHaJIM3ax J1 

pe3yJihTaTax Y3AC cocy,n;oB HM:>KHMX KOHet.JHOCTei-1 . 

Ha 3TOM 3Tarre perMcTpMpoBaJIM HH, a TaKme Ha3Ha

qaJIM TpOM6orrpocpMJiaKTMKY Ha rrep MO,[I; aM6y Jia TO p

H Oro ,[I;OJieqJ1BaHJ1H J1 ,n;aBaJIM peKOM e H,n;au;MM O H e M e 

,[I;MKaMeHT03HhIX MeTo,n;ax TpOM6orrpocpMJiaKTJ1KJ1. 

Bmopou 6U3Um 1-la6.11,108e1-lUJi rrpOBO,[I;J1JIJ1 ITOCJie 

OKOHqam-rn TpOM6orrpocpMJiaKTJ1KJ1 B xo,n;e ITJiaHOBOro 

OCMOTpa rrpM rroceUJ;eHMJ1 rrau;MeHTOM KJIJ1HJ1KJ1 JIM6o 

BO BpeMH TeJiecpoHHOro pa3roBopa. ,UJIH rra u;MeHTOB , 

rrepeHeClllMX 3H,[I;OrrpoTe3MpOB a HMe KOJieHHOro cyc Ta

Ba, 3TO 6hIJIJ1 14- e cyTKJ1 ITOCJie orrepau;MM , 3H,[I;Orrpo

Te3MpOBaHMe Ta3o6e,n;peHHOro cycTaBa - 35 - e cyTKM. 

Ha ,n;aHHOM 3Tarre OTMeqaJIM rrperra pa T bl ,[I;JIH TpOM-

6orrpocpMJiaKTJ1KJ1 , KOTOphre 6bIJIJ1 cpaKTJ1q ecKJ1 rrpM

MeHeHbl rrau;MeHTOM Ha 3Tarre aM6y Jia TOpHor o ,[I;OJie

qJ1BaHJ1H, BhIHCHHJIJ1 rrpJ1qJ1Hbl J13M e HeHJ1H B cxeMe 

TpoM6orrpocpMJiaKTMKM B cJiyq ae cMeHhI rrperrapaTa , a 

TaKme rrpJ1qJ1Hbl rrpem,n;eBpeMeHHOr o rrpeKpaUJ;eHMH 

TPOM6orrpocpMJiaKTJ1KJ1, ecJIM TaKOBOe MMeJIO MeCTO. 

KpoMe Toro , yToqHHJIM ,n;aTy rrepBor o rrpMeMa aHTM

KoaryJIHH Ta ITOCJie BhIITMCKJ1 J13 CTaQMOHapa , cpaKTJ1-

qecKyI-O rrpo,n;OJI:>KMTeJihHOCTb TpOM6orrpocpMJiaKTJ1KJ1. 

Co6MpaJIJ1 ,n;aHHhie O KJIMHMt.JeCKM 3Hat.JJ1MbIX OTKJIO

HeHMHX OT H OpMbl B KJIMHMt.JeCKMX aHaJIM3aX J1 B pe-

3Y Jih Ta Tax Y3AC cocy,n;oB HM:>KHMX KOHet.JHOCTei-1. 

YToqHHJIM xapaKTep corryTCTBYIDUJ;eti TeparrMM , rrpM

MeHHJIMCh JIM HeMe,n;MKaMeHTO3Hhie MeTO,[I;bl rrpocpM

JiaKTJ1KJ1, p er McTpMpoBaJIM HH M OTMeqaJIM cBe,n;eHMH 

0 ,n;aJibHeMllleM TPOM6orrpocpMJiaKTMKe ' eCJIM OHa 6hIJia 

3arrJiaHMpoBaHa. 

KpoMe Toro , BO BpeMR rrepBoro J1 BTOporo BJ13J1TOB 

Ha6JII-O,[I;eHMR ou;eHJ1BaJIJ1 y,n;OBJieTBOpeHHOCTb Bpaqa 

M rrau;MeHTa rrpOBO,[I;MMOM TPOM6orrpocpMJiaKTJ1KOM no 

KpMTepMRM 3cpcpeKTJ1BHOCTJ1 J1 rrepeHOCJ1MOCTJ1 pMBa-
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poKca6aHa B COOTBeTCTBJ1J1 c t.JeTblpbMH rpa,n;au;MRMM: 

o1le1-lb x opowo, xopowo, y80B.11,emBopume.11,b1-lO M 1-le
y80B.11,emBopume.11,b1-lO. 

Ha6mo,n;eHMe 3a ITau;MeHTaMM CT..J:MTaJIOCb OKOH

T..J:eHHhIM ITOCJie BhIITOJIHeHMH Bcex BJ13MTOB, ITpe,n;yc

MOTpeHHbIX ,D;J13aMHOM MCCJie,n;oBaHMR, T.e. ITO 3aBep

llleHMJ1 TpOM6orrpoqmJiaKTMKJ1 corJiaCHO peKOMeH

,n;au;MHM ACCP (2008) M Hau;r10HaJihHhIM peKoMeH

.n;au;MRM ITO TPOM6orrpoqrnJiaKTMKe. PerneHMe O B03-

MO:>KHOM rrpo,n;OJI:>KeHMJ1 TpOM60ITpoqrnJiaKTJ1KJ1 MJIM , 

Hao6opoT, coKpaUJ;eHMM cpoKOB rrpMeMa ITPeITa pa Ta 

rrpMHMMaJI Bpa q J1 p erMCTpMpOBaJI 3TO B rrpOTOKOJie 

MCCJie,n;oBaHMH. 

PE3Y JlhTAThl 

Jfa 2293 rrau;MeHTOB (rpyrrrra ITT) , BKJIJ-OqeHHhIX B 

MCCJie,n;oBaHMe, 60JiblllJ1HCTBO - 1209 (52 ,8%) rrpo:>KM

BaJIO B ropo,n;ax , 473 (20 ,7%) rrau;MeHTa - B Merarro

JIMce , 374 (16 ,3% ) - B ceJihCKOM MeCTHOCTM, 232 

( 10, 1 % ) - B rroceJIKe ropo,n;cKoro TMrra. OcHoBaHMeM 

,[I;JIH rrpoBe,n;eHMR orrepau;MM 3H,n;orrpoTe3MpOBaHJ1R B 

1188 (51 ,9% ) Ha6JII-O,[I;eHJ1HX ITOCJIY:>KMJI KOKCapTp03, B 

816 (35 ,6%) - roHapTp03 , B 34 (1 ,5% ) - peBMaTOM,[I;

HbIM apTpMT, B 3 (0,1 % ) - orryxOJih , B 10 ,8% - ,n;py
rMe rrpJ1qJ1HhL 

OTRrqaJ-OUJ;Me aHaMHeCTJ1qecKMe cpaKTOphr, orrpe

,n;eJIRI-OUJ;Me pMCK pa3BJ1TJ1H OCJIO:>KHeHMM, 6hIJIJ1 ou;e

HeHhl y 2286 rrau;MeHTOB. TaK, O:>KMpeHMeM (MH,[I;eKC 

MaCChl TeJia 30 M Bblllle) CTpa,n;aJIM 938 (41 % ) rrau;MeH

TOB , orryxoJIM MJIM MMeJiorrpoJIMcpepa TMBHhre 3a60Jie

BaHMR MMeJIM MeCTO y 36 (1 ,6% ) o6cJie,n;oBaHHbIX, BOC

rraJIMTeJibHhie 3a6oJieBaHJ1R KMllleT..J:HMKa - y 1 7 

(0 ,7% ), B B03pacTe 75 JieT J1 CTapllle 6hIJIO 198 (8,7% ) 

rrau;MeHTOB, 60JihlllJ1e orrepau;MM 3a ITOCJie,[I;HMe 12 Mee 

rrepeHeCJIM 166 (7 ,2%) qeJIOBeK, OTHrOUJ;eHHbIM ceMeM

HbIM aHaMHe3 C TOqKJ1 3peHJ1R TpoM603M60JIJ1M 6bIJI y 

47 (2 ,1% ) rrpoorrepMpOBaHHhIX. KpoMe Toro, 40 (2,7% ) 

J:13 14 7 6 :>KeHUJ;MH rrpMHMMaJIM ropMOHaJihHhie KOHTpa

u;errTMBbl. TpoM6orrpocpMJiaKTMKY B TeqeHMe ,n;Byx He

,n;eJib , rrpe,n;llleCTBOBaBlllMX orrepau;MM, rroJiyqaJIM 7 , 7% 

rrau;MeHTOB , yKa3aHMe Ha rrepeJIMBaHMe KpOBM MJIM ee 

KOMITOHeHTOB B aHaMHe3e MMeJIM 10,8% 60JihHbIX. 

3H,n;orrpoTe3MpoBaHMe Ta3o6e,n;peHHoro cycTaBa 

6bIJIO rrpoBe,n;eHO 62 ,3% rrau;MeHTaM, KOJieHHOro cyc

TaBa - 37 '7%. y 96,5% rrau;MeHTOB 6hIJI J1CITOJib30BaH 

TOTaJibHbIM 3H,[I;OrrpoTe3, y 2,3% - 6MITOJIRpHbIM, y 

1,3% - O,[I;HOITOJII-OCHhIM. 3H,n;orrpoTe3hl 6ecu;eMeHTHOM 

Cf)MKcau;MM 6hIJIJ1 MCITOJih30BaHhl B xo,n;e 50 ,2% orrepa

I.J;MM, u;eMeHTHOM Cf)MKcau;MM - 4 7 ,8% orrepau;Mi-1. 

BMelllaTeJihCTBa BhlITOJIHHJIM rro,n; crrMHaJihHOM 

(78 ,4% ), 3ITM,[I;ypaJibHOM (16,3% ), 06UJ;eM (4,5% ), rrpo

BO,[I;HMKOBOM (0,7 % ) aHeCTe3MeM. O6neM MHTpaorrepa

u;MOHHOM KpOBOITOTepM BapbMpOBaJI OT O ,n;o 2300 MJI , 

B cpe,n;HeM COCTaBMB 318 MJI. feMOTpaHccpy3MJ1 BO Bpe

MR orrepau;MM MJIM B ITOCJieorrepau;MOHHOM rrepMo,n;e 

ITOTpe60BaJIJ1Cb 2 5 '9% rrau;MeHTaM. 

IIpocpMJiaKTMKa BT3O y Bcex rrau;MeHTOB rrpoBo

,n;MJiach rrperrapaTOM KcapeJITO®B O,[I;HOM ,[I;03e- 10 Mr 

1 pa3 B cyTKJ1. y 98 , 7% rrau;MeHTOB J1CITOJih30BaJIJ1 3Jia

CTMt.JeCKOe 6J1HTOBaHJ1e (qyJIKM), y 0 ,5% rrau;MeHTOB , 
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KpOMe 8JiaCTMqecKoro 6MHTOBaHMH, ,D;OTIOJIHMTeJibHO 

rrpMMeHHJIM ,z:i;pyrMe MeTO,D;bI MexaHWieCKOM TpOM6o

rrpoqmJiaKTMKM; MHbie MexaHMqecKMe cpe,n;CTBa TpOM-

6orrpoq:mJiaKTMKM 6e3 8JiaCTMqecKoro 6MHTOBaHMH (qy

JIOK) MCTIOJib30BaJIM y 0,4% nauMeHTOB. EoJiblllMHCTBO 

(75,3%) npoonepMpOBaHHbIX nepByIO ,D;03Y pMBapoK

ca6aHa TIOJiyqMJIM B TeqeHMe 6-10 q TIOCJie onepaQMM, 

21,6% - qepe3 10 q, 3% - B TeqeHMe nepBbIX 

6 qacoB nocJie onepa~MM. 

II po,n;OJI)KMTeJibHOCTb CTaQMOHa pHoro JieqeHMH B 

cpe,n;HeM COCTaBMJia 13 KOMKO-,ZJ;HeM: y 13,1 % nauMeH

TOB - MeHee 7 ,D;HeM, y 70,7% - 8-14, y 16,2% -
6oJiee 15 ,n;Her1. 

C0Bep1IIMJI Bee TPM BM3MTa , T .e. 3aBep1IIMJI MCcJie

,n;oBaHMe corJiaCHO npOTOKOJIY, 2131 nauMeHT - rpyn

rra PP. 3cpcpeKTMBHOCTb pMBapoKca6aHa Ha nepBOM 

BM3MTe Ha6JIIO,D;eHMH 6bIJia OQeHeHa Jieqarn;MM Bpa qoM 

KaK 0'l(,e'J--lb xopowaJi MJIM xopowaJi ,n;JIH 98,2% na~M

eHTOB: KJIMHMqecKM 3HaqMMbie OTKJIOHeHMH B Jia6o

paTOpHbIX TIOKa3aTeJIHX 6bIJIM 3aperMCTpMpOBaHbI y 

4 rrauMeHTOB , B pe3yJibTaTax Y3AC cocy,n;oB HMmHMX 

KOHeqHOCTeM - y 17. IIepeHOCMMOCTb pMBapoKca6a

Ha 6bma oueHeHa KaK xopowaJi MJIM 0'l(,e'J-lb xopowaJi 

y 99% nauMeHTOB. 06 y,z:i;o6CTBe npMMeHeHMH pMBa

poKca6aHa x opowo M 0'l(,e'J-lb xopowo BbICKa3aJIMCb 

98,6% nauMeHTOB. ,lI:JIH ,n;aJibHeMlllero npMMeHeHMH 

npenapaT 6bm peKoMeH,n;oBaH 95,1 % nauMeHTaM. 

Pe3y JibTa TbI oueHKM Tex me noKa3a TeJieM Bo Bpe

MH emopozo 8U3Uma Ha6JIIO,D;eHMH 6bIJIM CJie,n;y10rn;M

MM: 8cpcpeKTMBHOCTb npMMeHeHMH Jieqarn;Me BpaqM 

oueHMJIM KaK 0'l(,e1--lb xopowy10 M xopowy10 ,D;JIH 97 ,9% 
nauMeHTOB, nepeHOCMMOCTb - ,D;JIH 98 ,8% nauMeHTOB. 

IIo,n;aBJIRIOrn;ee 60JiblllMHCTBO ( 9 8 '4 % ) o6cJie,D;OBaHHbIX 

yKa3aJIM Ha y,z:i;o6CTBO npMMeHeHMH MCCJie,n;yeMoro nep

opaJibHOro aHTMKoary JIHHTa. II po,n;oJimeHMe npMeMa 

rrpenapaTa TIOCJie OKOHqaHMR MCCJie,D;OBaHMH 6bIJIO 

peKOMeH,ZJ;OBaHO 12% nauMeHTOB. 

IIepepbIBbI B npMeMe pMBa poKca6aHa MMeJIM Mee

TO y 5% nauMeHTOB. JieqeHMe 6bIJIO 3aBepllleHO paHb

rue Heo6XO,D;MMOfO cpoKa y 6% nauMeHTOB , M3 HMX 

y 1 BBM,ZJ;Y He8cpcpeKTMBHOCTM npenapaTa My 2 B CBR-

3 M c HH , o6ycJIOBJieHHbIMM pMBapoKca6aHoM. 

B ueJIOM B xo,z:i;e MCCJie,D;OBaHMR 6bIJIO 3aperMCTpM

poBaHO 52 HH y 45 na~MeHTOB. B 19 cJiyqaJix HH 
6 bIJIM pacueHeHbI KaK cepbe3Hbie : CMepTb ( 1 60Jib

HOM), yrpo3a )KM3HM (3) , rOCTIMTaJIM3a~MH (8) , pa3BM

TMe CTOMKOM HeTpy,z:i;ocnoco6HOCTM (1) , KJIMHMqecKM 

3 Ha qMMbie co6bITMH ( 3 ). TOJibKO y 11 nauMeHTOB HH 
6bIJIM CBR3aHbI C npMeMOM pMBapoKca6aHa , y 22 -
c npoBe,n;eHHOM onepauMeM. HemeJia T eJibHbie HBJie

HMR , CBR3aHHbie C TpOM6030M , KOHCTa ™POBaJIM y 

19 (0 ,83%) 60JibHbIX , M3 HMX y 13 - TPOM603 rny6o

KMX BeH, y 2 - TpoM603 TIOBepxHOCTHbIX BeH , 

y 2 - T3JIA , y 2 - apTepMaJibHbIM TpoM6o3. Heme

Jia TeJibHbie HBJieHMR , CBR3aHHbie C KpOBOTeqeHMeM , 

MMeJIM MeCTO y 7 (0 ,3%) npoonepMpOBaHHbIX : reMaTo

Ma (2) , TIOCTreMopparnqecKaR aHeMMR ( 4) , peKTaJib

HOe KpOBOTeqeHMe ( 1 ). OTMeHa MJIM rrpMOCTaHOBKa 

npMeMa rrpena pa Ta B CBR3M C HH TIOTpe6oBaJiaCb 

B 8 Ha6JIIO,ZJ;eHMRX. 
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OBCY,KJ.(EHME 

PMBapoKca6aH (KcapeJITo®, Eati:ep) - rrepBbIM B 

rpynrre npRMOM MHrM6MTOp cpaKTOpa Xa ,ZJ;JIR nepo

paJibHOro npMeMa. Ee3onaCHOCTb M 8cpcpeKTMBHOCTb 

npenapaTa 6bIJIM ,D;OKa3aHbI B xo,n;e MHOroqMcJieHHbIX 

MCCJie,D;oBaHMM, BbITIOJIHeHHbIX C MOMeHTa ero pa3pa-

6oTKM ,z:i;o perMCTpaQMM B KaqecTBe JieKapCTBeHHOro 

npenapaTa. B MCCJie,n;oBaHMRX in vitro rroKa3aHo , qTo 

pMBa poKca6aH RBJIReTCR MOI.I.J;HbIM KOHKypeHTHbIM 

MHrM6MTOpOM cpaKTOpa Xa c Ki O, 4 HMOJib / JI. OH Bbl

COKO ceJieKTMBeH K cpaKTopy Xa , a ero MHrM6MpyIO

rn;MM 8cpcpeKT 6oJiee qeM B 10 000 pa3 rrpeBOCXO,ZJ;MT 

TaKOBOM COOTBeTCTBYIOI.I.J;MX cepMHOBbIX npoTea3 

[ 11 -13]. IIo ,n;aHHbIM MCCJie,ZJ;OBaHMM in vivo y )KMBOT

HbIX C ,D;MarHOCTMpoBaHHOM BeH03HOJ1 TpOM608M60JIM

er1 pMBa poKca6aH MHrM6MpyeT aKTMBHOCTb cpaKTOpa 

Xa npM ero npMMeHeHMM B ,ZJ;03ax , Ha cpoHe KOTOpbIX 

He npOMCXO,ZJ;MT 3HaqMTeJibHOro yBeJIMqeHMR BpeMeHM 

KpOBOTeqeHMR [ 14]. II PM 8TOM npena pa T He BJIMReT 

Ha arperaQMIO TpoM60QMTOB M TpOM60QMTapHhlJ1 

reMOCTa3 [15-17]. 
IIo pe3y JibTa TaM MCCJie,n;oBaHMM II cpa3bI 8cpcpeK

TMBHOCTb M 6e3onaCHOCTb WMpOKOro ,ZJ;Marra30Ha ,D;03 

(OT 5 ,n;o 20 Mr) pMBapoKca6aHa ,D;JIR npocpMJiaKTMKM 

BT3O rrocJie 6oJiblllMX opTone,z:i;MqecKMX orrepaQMM -

8H,ZJ;OnpoTe3MpOBaHMR Ta3o6e,n;peHHOro MJIM KOJieHHO

ro cycTaBa COOTBeTCTBOBaJIM aHaJIOrMqHbIM TIOKa3a -

TeJIRM ,D;JIR 8HOKCanapMHa [18-23]. B TIOCJie,n;y10rn;eM 

6bIJIO TIOKa3aHO , qTo pMBapoKca6aH ,ZJ;OCTaToqHo 8cp

cpeKTMBeH M 6e3onaceH B ,ZJ;03e 10 Mr 1 pa3 B cyTKM, M 

MMeHHO TaKaR ,ZJ;O3a CTaJia MCTIOJib3OBaTbCR B ,n;aJib

HeMlllMX MCCJie,D;OBaHMRX. 

EMO,D;OCTYTIHOCTb pMBapoKca6aHa npM npMeMe 

BHYTPb COCTaBJIReT OKOJIO 80%, TIMK ero KOHQeHTpa

QMM B TIJia3Me ,D;OCTMraeTCR qepe3 2,5-4 q [24-26]. 
B pa6oTax no cpa pMaKOKMHeTMKe OTMeqeHa npRMaR 

JIMHeMHaR 3aBMCMMOCTb « ,ZJ;O3a - KOHQeHTpaQMR -

8cpcpeKT » M ycTaHOBJieHO , qTo cpapMaKOKMHeTMKa pM

BapoKca6aHa rrpaKTMqecKM He 3aBMCMT OT TIOJia , B03 -

pacTa M 8THMqecKOM npMHa,n;JiemHOCTM , a npenapaT 

coxpaHReT 8cpcpeKTMBHOCTb npM Kpatt:HMX 3Ha qeHMRX 

MaCCbI TeJia [27 , 28]. K y,n;o6CTBY npMMeHeHMR npena

paTa MO)KHO OTHeCTM TO , qTo pMBapoKc6aH He HaKan

JIMBaeTCR rrpM npMeMe TIOBTOpHbIX ,ZJ;O3 M qTo ero MO)K

HO npMMeHRTb He3aBMCMMO OT npMeMa TIMI.I.J;M [2 7, 29]. 
IIpM 8TOM pMBapoKca6aH MMHMMaJibHO B3aMM O,ZJ;e M

CTBy eT C ,n;pyrMMM JieKa pCTBeHHbIMM cpe,n;CTBaMM npM 

MX 0,D;HOBpeMeHHOM Ha3HaqeHMM [30-33]. O ,n;Ha TpeT b 

npenapaTa BbIBO,D;MTCR rroqKaMM B HeM3MeHeHHOM 

BM,ZJ;e , 2/ 3 MeTa60JIM3MpyeTCR B rreqeHM C o 6pa3 0Ba

HMeM HeaKTMBHbIX M e Ta6oJIMTOB , KOTOpbie B paBHbI X 

qacTRX BbIBO,D;RTCR c meJiqbIQ M noqKaMM [24]. 
OcHoBaHMeM ,ZJ;JIR perMcTpaQMM npenapaT a nocJiy

mMJIM pe3y JibTa Tbl MCCJie,D;OBaHMM III cpa 3 bl ( cepMR 

MCCJie,n;oBaHMM RECORD - Regulation of C o agulation 

in Orthopaedic Surgery to Prev ent Deep V ei n 

Thrombosis and Pulmonary Embolism) : B qeTbrpe x 

Mem,n;yHa pO,D;HbIX MHoroueHTpOBbIX paH,D;OMM3MpOBaH

HbIX KOHTpOJIMpyeMbIX KJIMHMqecKMX MCCJie,n;oBaHMRX 

RECORD (12 500 nauMeHTOB rrocJie n JiaHo Boro 8H-
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~orrpoTe3I1pOBaHJ1H Ta3o6e,rr,p eHHOro MnM KOneHHOrO 
eyeTaBa) 6bma I13yqeHa 8cpcpeKTJ1BHOeTb pI1Ba poKea-

6aHa ~nH rrpocpMnaKTJ1KJ1 BT3O ITO epaBHeHMIO 8HOK
eaITapI1HOM, BBO~J1MbIM ITO~KO:>KHO. Bee J1eene~oBaHJ1H 

Ofrbe~MHHn exo~HbIM ,D,I13aMH , ITp e rra pa T epaBHeHMH, 

KpI1TepI1I1 8cpcpeKTJ1BHOeTJ1 J1 6e3oITaeHOeTM. B Meene
~OBaHMHX RECORD 1-3 pMBapoKea6aH epaBHMBanM 

e 8HOKeaITapI1HOM B ~03e 40 Mr 1 p a3 B ~eHb ITO~KO:>K
HO (pe:>KMM rrpocpMnaKTJ1KJ1, ITPMHHTbIM B EBporre J1 
PoeeMM), B Meene~oBaHMM RECORD 4 - e 8HOKeaITa

pI1HOM B ~03e 30 Mr 2 pa3a B ~eHb ITO~KO:>KHO (p emMM 
rrpocpMnaKTMKM, ITPMHHTbIM B CIIIA). B o Beex enyqa
HX pMBa poKea6aH rroKa3an ee6H KaK 6onee 8cpcpeK
TMBHbIM ITO epaBHeHMIO e 8HOKearra pI1HOM rrpeITa pa T 

rrpM J1eITOnb30BaHJ1J1 B 6onbill0M opTOITe~ J1q eeKOJ.1 XJ1-
pypmI1 [4, 35 - 38]. 

HaeTOHI..IJ;ee Meene~oBaHMe C OIIP AHO HBn HeTeH 
e~MHeTBeHHbIM 6onbillJ1M poeeJ1J.1eKJ1M MHorou;eHTpo

BbIM Ha6nIO~a TenbHbIM Meene~oBaHMeM Tp OM60ITpO
cpI1naKTJ1KJ1 rroene 6onb1IJJ1X opToITe~J1qeeKJ1x orrepa

u;Mi1 Ha HJ1:>KHJ1X KOHeqHoeTHX e Merronb 3OBaHJ1e M HO

BbIX rrepopanbHbIX aHTJ1KOary nHHTOB. OeHOBHOJ.1 u;e

nbIO J1eene~oBaHJ1H 6bmO e~ena Tb BbIBO,D, 0 ITpI1eMn e
MOeTJ1 TPOM6orrpocpMnaKTJ1KJ1 e Merronb30BaHMeM p I1-

Ba poKea6aHa y rrau;MeHTOB, rrepeHeeillMX 8H~orrpoTe-

3MpoBaHMe KPYITHbIX eyeTaBOB, B yenoBMHX «p eanb
Hoi1 rrpaKTJ1KJ1 » rroene BbIITJ1eKJ1 J13 eTaIJ;MOHapa. IIo ,rr, 

«peanbHOJ.1 KnJ1HJ1qeeKOM ITpaKTMKOJ.1» ITOHMManM Bee 

oeo6eHHOeTJ1 Be~eHMH J1 Ha6n10~eHJ1H 3a OITepI1pOBaH
HbIMJ1 rrau;MeHTaMM, yqJ1TbIBaH HIOa HebI OKa3aHJ1H Me

~J1LI;I1HeKOJ.1 ITOMOI..IJ;J1 Ha pa3HbIX 8Tarrax neq e H J1H B 

pa3nJ1qHbIX yqpem~eHMHX e rrorrp a BKOJ.1 Ha peanbHbie 

yenoBMH :>KM3HM B PoeeMM. 
3cpcpeKTJ1BHOeTb TpOM6orrpocpI1naKTJ1KJ1 OITpe~e

nHeTeH, B qaeTHOeTM, ee rrpo~onmMTenb HOeTbIO. J.13-

BeeTHO, qTo B PoeeJ1J1 B rrepMO~ roeITJ1TanJ13aLI;J1J1 rrpo

Cf)MnaKTMKY BT3O rrpOBO~HT B eOOTBeTeTBJ1J1 e p eKO

MeH~au;MHMJ1, TOr,rr,a KaK rroene BbIITJ1e KJ1 J13 eTaLI;MO

Ha pa 6onbHJ1IJ;bl aHTJ1KOary n HHTHaH Tep aITMH He Bee

r ~a 6brnaeT a~eKBaTHOJ.1 [9]. MMeHHO IT08TOMY HaMJ1 
6bm BbI6paH HeJ1HTepBeHLI;J10HHbIJ.1 ~ J13aMH Meene~o
BaHMH, KOTOpbIJ.1 , B OT nJ1qJ1e OT KnJ1HJ1q eeKJ1X Meene

~OBaHMJ.1, He rrpe~yeMaTpMBaeT paH~OMI13 aLI;MIO J1 «o e

neITneHJ1e» [10]. Ha6n10,rr,aTenbHbie Meene,rr,oBaHMH HB
nHIOTeH u;eHHbIM MHeTpyMeH TOM , TaK KaK ITO3BOnHIOT 

rrpoaHanJ13I1pOBa Tb 6onb1IJJ1e BbI60p KI1 ITau;MeHTOB 6e3 

eITeu;r1anbHoro oT6opa B p aMKax pyTMHHOM KnJ1HJ1qee

KOM rrpaKTMKM. II p oerreKTMBHoe Ha6n10~eHJ1e B ITpo

TMBorronomHoeTb peTpo erreKTJ1BHOMY ITO3 BOnHeT 3a

paHee eITnaHMp oBaTb ~M3aMH, ITOpH,rr,OK e6opa J1 06pa-
60TKJ1 ,rr,aHHbI X . 

B xo~e Meene,rr,oBaHMH yeTaHoBneHo, qTo He3HaqJ1-

TenbHbie ITepepbIBbI B ITpMeMe ITepopanbHOro aHTJ1KO

ary nHHTa 6bWJ1 TOnbKO y 5% ITau;MeHTOB, ITpJ1qeM OHM 
He 6bmM o6yenoBneHbI HeITepeHoeMMOeTbIO ITPeITa pa

Ta. B rpy ITITe J13 2131 ITau;MeHTa TOnbKO B 3 (0,14%) 
Ha6n10,rr,eHJ1HX rrpMeM Kea penTo® 6bm ITpeKpaI..IJ;eH ITO 

ITpJ1q J1HaM, CBH3aHHbIM C J13yqaeMbIM ITpeITa pa TOM. 

JleqaI..IJ;Me Bpa qJ1 ou;eHJ1nJ1 8cpcpeKTJ1BHOeTb ITPJ1MeHe

HJ1H ITpeITapaTa KaK O'l./,e1--lb xopomy10 M xopomy10 ,rr,nH 
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97 ,9% ITau;MeHTOB, rrepeHOeMMOeTb - ~nH 98,8% ITa
u;MeHTOB. IIo~aBnHIOI..IJ;ee 6onbillJ1HeTBO (98,4%) ITau;M
eHTOB ITOnO:>KMTenbHO ou;eHMno y~o6eTBO rrpMMeHeHMH 

Meene,rr,yeMoro rrepopanbHoro aHTMKoary nHHTa. 
3aKmoqem,ie. II peITa pa T Kea penTo® ITPMMeHHeTCH 

e 2008 r. J1 3apemeTpI1poBaH 6onee qeM B 120 eTpa

Hax MMpa. B PoecJ1J1 ITPeITa pa T 3a perMeTpMpoBaH M 

MeITOnb3yeTeH e 2009 r . 3a 8TO BpeMH y Bpaqe11 yme 
HaKorrneH rrono:>KMTenbHbIM OITbIT ero ITPMMeHeHMH. 
HaeTOHI..IJ;ee ITepBoe 6onb1llOe OTeqecTBeHHOe MHOrO

u;eHTpOBOe Meene~oBaHMe COIIP AHO y6e~MTenbHO 
~OKa3ano, qTo pI1BapoKea6aH, J1eITOnb3yeMbIM ,rr,nH 
TpoM6orrpocpI1naKTJ1KJ1 rrocne 6onb1IJJ1X opToITe~J1qee
KJ1X orrepau;J111 e yqeToM yenoBMM M oeo6eHHOeTe11 oKa-
3 aHMH Me~J1LI;J1HeKOJ.1 ITOMOI..IJ;J1 B PoceMM, xapaKTepI1-

3yeTeH TaKOM me BbieOKOM 8cpcpeKTJ1BHOeTbIO, KaK J1 B 

MHoroqJ1eneHHbIX 3a py6e:>KHbIX J1eene~oBaHJ1HX. Ta

KJ1M o6pa30M, pI1Ba poKea6aH ITO eBOJ1M cpa pMaKono
rJ1qeeKJ1M xa paKTepI1eTJ1KaM, 8cpcpeKTJ1BHOCTJ1 J1 6e-
3OITaCHOeTJ1 B COBOKYITHOeTM C BbICOKOM ou;eHKOM co 

CTOpOHbI ITau;MeHTOB B OTHOilleHMJ1 y~o6CTBa ero rrpM
MeHeHMH ITpI16nMmaeTCH K Tpe60BaHJ1HM, ITpe~'bHB

nHeMbIM K «M~eanbHOMy» aHTJ1KOarynHHTy. 

Pa6oma 6btn0JZHeHa npu qJUHQHC060U noaaepJK:Ke 
3AO Eauep. 
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oT,n;eJiem1eM UMTO, MocKBa; BM6ep'KU1i A.B. - 3aB. 6-M oT,n;eJiem1eM KOCTHOH naT0JI0rvrn B3pocJibIX 
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3KCilEPMMEHTAJihHhIM AHAJIM3 npoqHOCTHhIX XAPAKTEPMCTMK KOHCTPYKUMM 
L(JHI OCTEOCMHTE3A BEPTJIY)KHOM BIIMMHhl 

3.H. Co1wa, A.<P. Jla3apee, H.C. I'aep10UteHKO, JJ.B. <PoMUH, H.H. CaxapHbtX, C.C. Cmo10xuH 
¢fEY «UeHTpaJibHbIM Hay-crno-MccJie,[l,OBaTeJihCKMM MHCTMTYT TpaBMaTOJIOrMM M opTOIIe,[l,MM MM. H.H. IlpMopoBa» 

MMH3,l1,paBa PoccMM, MocKBa, pep 

Ha nflaCmUKO6blX Moaefl5LX ma3a CMoae!lUp06QHbl mpu ztacmo ecmpeztGIOUl,UXC5l He QCCOU,UUpO-

6QHHblX nepeJLOMQ eepmllyJICHOU enaaUHbt: nonepeztHblU nepe!lOM, nepe!lOMbl nepeaHeU U 3aa 

HeU KOJlOHH. B oauHQ/C06blX YCflO6U5LX npoeeaeHbl cpaeHumeflbHbte ucnbLmaHU5L npoztHOCmu 

mpex euaoe ocmeocuHme3a: c noMOUl,b/0 peKoHcmpyKmueHou nJLacmuHbL, KaHJO!lupoeaHHbLX 
6UHmoe u cnuu,, a maKJICe HaUJeU pa3pa6om,cu - euHmoe aHTO auaMempoM 3 MM C HenoJL
HOU MeJL1cowa20eou pe3b6ou. KpoMe mow, ou,eHeHa npoztHocmb KaH10JLupoeaHH020 euHma u 
euHma JJMTO. JfccJLeaoeaHuR npoeoauJLu Ha cepeozuapaeJLut.tecKou yHueepcaJLbHou ucnbtma
meJLbHou MQUJUHe. YcmaH06fleHO, ztmo CQMQ5L cma6UflbHQ5L qJUKCQU,UR UMeem Mecmo npu qJUK
cau,uu KQH/OllUp06QHHblM 6UHmOM U 6UHmOM aHTO. llocJLeaHuu no npoztHOCmu ycmynaem 
IWH/OllUp06QHHOMY 6UHmy, oaHa/CO o6ecnet.tueaem Heo6xoauMyJO JICeCmKOCmb qJUKCQU,UU. 

K Jl JOY e Bbl e C JI OB a: rrepeJTOM BepTJIY)KHOH BTia,l]J1HbI, 3KCI1ep11MeHT, rrpOY:HOCTb, Me
TaJTJlOQ)J1KCaTOp. 

Experimental Analysis of Strength Characteristics of Devices for Acetabular Osteosynthesis 

E.I. Solod, A.F. Lazarev, N.S. Gavryushenko, L. V Fomin, J.N. Sakharnykh, S.S. Stoyukhin 

Central Institute of Traumatology and Orthopaedics named after N.N. Priorov, 

Moscow, Russia 

Three common elementary acetabular fractures, i.e. transverse fracture, fractures of anterior 
and posterior column, were simulated on plastic pelvis models. Comparative testing of three types 
of osteosynthesis - with reconstructive plate, cannulated screws and pins or using our new CITO 
flattened fine thread screws 3 mm in diameter were performed under similar conditions. Strength 
of cannulated screw and CITO screw was evaluated. Testing was performed on servo-hydraulic 
universal testing machine. The most stable fixation was achieved with cannulated screw and 
CITO screw. The latter was inferior in strength however ensured required rigid fixation. 

Key w o rd s : acetabular fracture, testing, rigidity, metal fixator. 

B HaCTOHw;ee BpeMH rrpM rrorpy:>KHOM OCTeOCMHTe3e 

rrepeJIOMOB BepT JIY:>KHOM BITa,IJ;MHbI B OCHOBHOM rrpMMe

HHIOTCH qrnKcau;MH ITJiaCTMHOM C KOpTMKaJibHbIMM BMH

TaMM M3 o6wMpHbIX OTKpbITbIX ,IJ;OCTYITOB M qpecKO:>K

HaH (pMKCaIJ;MH pa3JIMT.JHbIMM KaHIOJIMpOBaHHbIMM BMH

TaMM M CITMIJ;aMM no 3aKpbITOM MeTO,IJ;MKe [ 1 - 5 ]. 
CTa6MJibHOCTb OCTeOCMHTe3a ITJiaCTMHOM rrpM OT

KpbITOM crroco6e orrepa TMBHOro JieT.JeHMH He BbI3bIBaeT 

COMHeHMM, HO ,z::i;aHHbIM BM,IJ; BMernaTeJibCTBa xapaKTe

pM3yeTCH M3BeCTHbIMM rrpo6JieMaMM M He,IJ;OCTa TKaMM, 

KaK TO: 3HaT.JMTeJibHbie pa3Mepbl ,IJ;OCTyrroB; 60JibWMe 

KpOBOITOTepH M rrpo,n;OJI:>KMTeJibHOCTb orrepau;MM; rpo

MO3,IJ;KOCTb KOHCTPYKLI;MM; pMCK BOCITaJieHMH ITOCJieorre

pau;MOHHOM paHbI, BTOpMT.JHOM ,z::i;eBMTaJIM3aLI;MM OTJIOM

KOB, TpaKIJ;MOHHOM Het:iporraTMM M pa3BMTMH acerrTM

qecKoro HeKp03a rOJIOBKM 6e,z::i;peHHOM KOCTM [2, 3]. 

CoBpeMeHHaH MaJIOMHBa3MBHaH XMpyprMH BepT Jiy:>K

HOM BITa,IJ;MHbI IT03BOJIHeT pernMTb 3TM rrpo6JieMbI rro

cpe,z::i;cTBOM BbIITOJIHeHMH 3aKpbITOro BMewa TeJibCTBa C 

MCITOJib3OBaHMeM pa3JIMT.JHhlX MeTaJIJIO(pMKCaTopoB M 

TeXHMK MX BBe,n;eHMH. CaMbIMM pacrrpocTpaHeHHblMM HB

JIHIOTCH KamonMpoBaHHbie BMHTbI Synthes AO [2-12]. 

~JIMHa 3TMX BMHTOB BapbMpyeTCH OT 30 ,z::i;o 130 MM, 

,n;MaMeTp - OT 4,5 ,z::i;o 7 ,3 MM. Ha KOHIJ;e BMHTa MMeeTCH 

pe3b60BOM KOHeu; ,IJ;JIMHOM 32 MJIM 16 MM. Pe3b60BaH Ha

ceT.JKa BbICTynaeT Ha,z::i; noBepxHOCTbIO BMHTa Ha 1,5 MM. 

He,z::i;ocTa TKOM 3TMX BMHTOB npM MCTTOJib3OBaHMM B Ma -

JIOMHBa3MBHOM OCTeOCMHTe3e BepT nymHOM Bna,n;MHbl 

3aqacTyIO HBJIHeTCH HeXBaTKa ,IJ;JIMHbl, oco6eHHO npM 

cpMKCaIJ;MM TpaHCTeKTaJibHhlX M BhlCOKMX ,IJ;BYXKOJIOH-
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HbIX rrepeJIOMOB. BOJibWOM ,n;MaMeTp BMHTa Hepe,n;KO CTa

HOBMTCH rrpw-IMHOM rrepcpopau;MM KOCTM , a caM BMHT 

BbIXO,IJ;MT 3a KOpTMKaJibHbIM CJIOM MJIM B ITOJIOCTb eye Ta -

Ba [9, 13]. J,fa-3a OTHOCMTeJibHO KpyrrHOM pe3b6bI B03-

HMKaeT 6onbrnoe corrpoTMBJieHMe rrpM ero y,z::i;aJieHMM. 

~JIH Toro T.JT06bI rrpoBeCTM BMHT rrpe,z::i;Ba PMTeJibHO Heo6-

XO,IJ;MMO 3acBepJIMBa Tb HarrpaBJIHIOw;ym CITMIJ;Y M no Hett 

KaHIOJIMpOBaHHblM CBepJIOM cpopMMpOBa Tb Ka Han , rrpM 

3TOM crrMu;a T.JaCTO yxO,IJ;MT, TepHeTCH perrO3MLI;MH. 

C u;eJibIO MCKJIIOT.JeHMH BbIWenepeT.JMCJieHHbIX He,z::i;o

CTa TKOB, yMeHbWeHMH rrpo,n;OJI)KMTeJibHOCTM BMewa

TeJibCTBa, MHTpaorrepau;MOHHOM TpaBMaTM3aLI;MM M o6ec

rreT.JeHMH CTa6MJibHOro OCTeOCMHTe3a HaMM pa3pa6oTa

Hhl opMrMHaJibHhle KOHCTPYKLI;MM ,n;nH cpMKcau;MM no

Bpe:>K,n;eHMM KOCTet:i Ta3a, Ha3BaHHbre BMHTaMM UMTO. 

BMHTbI ,IJ;MaMeTpOM 3 MM c HeITOJIHOM MeJIKornarOBOM 

pe3b60M 6bIJIM cnpoeKTMpOBaHbl B 1-M TpaBMaTOJIOrM

T.JeCKOM oT,z::i;eneHMM M M3rOTOBJieHbI B UMTO MM. H.H. 

II pMopoBa M3 BbICOKOTeXHOJIOfMT.JHOro TMTaHOBOrO crrna -

Ba Ma pKM BT6. 

UenbIO HacToHw;ero Mccne,n;oBaHMH 6bIJIO orrpe,z::i;enMTb 

CTa6MJibHOCTb (pMKCaIJ;MM npM pa3JIMT.JHblX BM,n;ax OCTeO

CMHTe3a BepT ny:>KHOM Bna,n;MHbl M rrpOT.JHOCTb MCTTOJib-

3yeMbIX npM 3TOM MeTaJIJIO(pMKCa TOpOB. 

MATEPJ1AJI 11 METO,Uhl 

Mccne,n;oBaHMH npoBe,n;eHbI B Jia6opa TOP MM MCITbITa

HMH HOBbIX Ma TepManoB UMTO MM. H.H. II pMopoBa. 

CTa6MJibHOCTb pa3JIMT.JHblX BM,IJ;OB OCTeOCMHTe3a BepT

nymHOM BITa,IJ;MHbl M MexaHMT.JeCKYIO rrpOT.JHOCTb MeTaJI-



JIO(pMKCaTopoB ou;eHMBaJIM Ha cepBorv1,z::i;paBJIMqecKOM 

y H MBep c a JihHOM v1crrh1Ta TeJihHOM MarrrnHe ( «WALTER 

+ bai ag » , lllBew u;apv1R) . B cTaTv1q ecKoM pemv1Me Ma

IIIMHa crroco6Ha pa3 BMBaTb cv1Jiy 10 KH , a B ,z::i;v1HaMv1-

qecKOM - rrp v1MepHo 12 KH. CKopocTh HarpymeHMR 

o6pa3I.J;OB COCTa BJIRJia 5 MM/ MMH. OIIIM6Ka M3Mep e HMR 

CMJlbl M ,z::i;ecpo pMau;v1v1 He BbIXO,ll;MJia 3a rrpe,z::i;eJibl O' 5 % . B 
MCCJie,ll;OB aHMM MCI10 Jlb3 0BaJIMCb MeTO,ll;bl p a3pyIIIaIOru;e

ro KOHTpOJIR: C:>KaTMe M paCTR:>KeHMe. 

TeMrrepa Typa oKpymaroru;ero B03,z::i;yxa B xo,z::i;e v1c

rrh1TaHv1w COCTaBJIR Jia 19-23°C. ,I(JIR rrpo Be,n;eHMR 6v10 -

MexaHv1qecKMX v1ccJie,n;oBaHMM M3 rrporpa MMHoro o6ec

rreqeHMR DIO N pro 6 hwv1 M3BJieqeHhI v1 a,z::i;a rrTv1poBaHb1 

TeXHv1qecKv1e rrporpaMMbl , KOTOpbie I103BOJIMJIM C 60Jib

IIIOM CTerreHb IO o6'be KTMBHOCTM ocyru;eCTBMTb Bech KOM

ITJieKC pa6oT. 

CTerreHb CM e ru;e HMR M ,z::i;ecpo pMaI.J;MR MCITbITyeM oro 

o6pa3u;a OTCJie:>KMBaJIMCb aBTOMa TMqecKM M cpv1Kcv1po

BaJIMCb Ha rpacpMK e . YrrpaBJie HMe ITO,ll;BM:>KHOM TpaBep

COM ocyru;ecTBJIRJIM C IT0 M 0 IIJ;bIO ,ll;MCTaHI.J;MOHH0ro ycT

pOMCTBa. 

Ha rrJiaCTMKOBhI X Mo,n;e JIRX Ta3a ( « S ynbone » , llIBett 

u;apv1R) CM0,ll;eJIMp0BaHbl T PM qacTO BCTpeqaroru;MXCR He 

accou;v1v1poBaHHbIX rre peJI0M a BepT JIY:>KHOM BITa,ll;MHbI: 

rr o rrepeqHbIM rrepeJI0M , 0 T,ll;eJibHO rrepeJIOMbl rrepe,z::i;HeM 

M 3a,z::i;HeM K0JIOHH. ,I(JIR Kam,z::i;o ro BM,ll;a rrepeJI0Ma B O,ll;M 

HaK0BbIX YCJIOB MR X rrp o B e ,n;e Hbl cpaBHMTeJibHbie MCITbl 

TaHMR rrpoqHQCTM Tpex B M,ll;OB OCTeOCMHTe3a: C IT0M0-

IIJ;bIO peKOHCTPYKTMBHOM ITJiaCTMHhl M K0pTMKaJibH0r o 

P11c. 1. Btteurn:nti BM,n; Mo,n;e.rreti c rrepe.rroMaMM o6e:nx K0JI0HH 

BepTJIY :>-KHOM Brra,n;MHbI ,n;o (a- 8) M rroc.rre (2- e) paCT.H:>-Ke HM.H. 

a, 2 - IIJiaCTli1Ha li1 KOpTMKaJibHbIM B li1HT , 6, 8 - KaHIOJili1pOBaH

HbIM BMHT li1 crrn~a , 6 , e - Bli1HTbI UMTO. 

P11c. 2. BHeIIIHMM BM,n; KaHIOJrnpoBaHH0I'O BMHTa (a) M BMHTa 

UMTO ( 6) rroc.rre cma TMH . 
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BMHTa (no M eT0,ll;MKe AO) , KaHIOJIMpOBaHHblX BMHTOB M 

crrv1u;, a TaKme HaIIIew pa3 pa60TKM - BMHTOB UMTO. 

OcTeOCMHTe3 ITO MeT0,ll;MKe AO BbIITOJIHRJIM CJie,n;yIO

ru;v1M o6pa30M: 3a,ll;HIOIO KOJI0HHY cpMKCMpOBaJIM peK0H

CTPYKTMBHOM ITJiaCTMHOM M KOpTMKaJibHbIMM BMHTaMM 

,ll;MaMeTp0M 3,5 MM, a B rrepe,n;HIOIO K0JIOHHY ycTaHaBJIM

BaJIM KOpTMKaJibHbIM BMHT ,ll;OCTaToqHOM ,ll;JIMHbl , I103B0-

JIRIOIIJ;eM rrpOMTM 3a JIMHMIO rre p e JI0Ma (pv1c. 1 , a). <PMK

cau;MIO rr e p eJI0M OB BepT JIY:>KHOM Brra,n;MHbl B MCI10Jlb30-

BaHMeM KaHIOJIMpOBaHHOrO BMHTa M ,ll;BYXMMJIJIMMeTpO

BO M CITMI.J;bl C pe3b60BblM KOHI.J;OM ocyru;ecTBJIRJIM no OT

pa6oTaHHOM M eT0,ll;MKe (pv1c. 1 , 6) [ 4]. OcTeOCMHTe3 BMH

TaMM UMTO rrpoBO,ll;MJIM no M eTo,n;v1Ke [ 4], npv1 3TOM B 

pOJIM KaHIOJIMpOBaHHOro BMHTa M cnMI.J;bl BbICTynaJIM 

BMHThI UMTO (pv1c . 1 , B). 
TaK:>Ke B cpaBHMTeJibH0M acneKTe ou;eHMJIM npoq

H0CTb KaHIOJIMpoBaHHoro BMHTa Synthes AO ,z::i;v1aMeT

poM 7, 3 MM v1 BMHTa UMTO ,z::i;v1aMeTpoM 3 MM npv1 cma

TMM (pMC. 2 ) . 

PE3YJihTAThl 11 OECYJK,UEH11E 

M3 ,z::i;aHHbIX Ta6JIMI.J;bl M ,z::i;v1arpaMM BM,ll;H0 , qTo OCTeO

CMHTe3 ITJiaCTMHOM M KOpTMKaJibHblMM BMHTaMM npv1 

MCnbITaHMRX Ha paCTR:>KeHMe npo,z::i;eM0HCTpv1poBaJI ca

MbIM HM3KMM pe3y JibTa T: rrpe,z::i;eJI rrpoqH0CTM (Rm) co

cTaBMJI 603,67 MPa. Hav1JiyqIIIv1e noKa3aTeJIM npo,z::i;e

M0HCTpv1poBaJiv1 BMHThI UMTO - 1098 MPa ( CM. Ta6-

Jiv1u;y, pv1c . 1 , 2-e; pv1c. 3). 

IIoJiyqeHHbie ,z::i;aHHbie n03BOJIRIOT 3aKJIIOqMTb, qTo 

OCTeOCMHTe3 nJiaCTMHOM M KOpTMKaJibHbIMM BMHTaMM 

cpe,z::i;v1 v13yqeHHbIX RBJIReTCR HaMMeHee npoqHbIM, XOTR 

v1 y ,ll;0BJieTB0pReT Tpe6oBaHMRM K norpy:>KH0MY 0CTeo

CMHTe3y M MCn0Jih3yeMbIM MeTaJIJIO(pMKCa T0paM. 3TO B 

CB0IO oqepe,n;b o6ycJIOBJIMBaeT 6oJiee n03,ll;HIOIO aKTMBM-

3aI.J;MIO 60JibHbIX M 6oJiee ,ll;JIMTeJibHbIM B0CCTaH0BMTeJib

HbIM ITOCJieorrepau;v10HHbIM rrepv10,z::i; , qTo npOTMBOpeqv1T 

rrpMHI.J;MITaM paHHeM pea6MJIMTaI.J;Ml1 nau;v1eHT0B. 

IIpe,z::i;eJI npoqHQCTM , ITOCJie KOTOporo Haq11HaJIMCb 

,z::i;ecpopMau;v1R v1 cMeru;eHv1e B 30He nepeJioMa npv1 ocTeo

CMHTe3e KaHIOJIMpoBaHHbIM BMHTOM M cnv1u;ew, OKa3aJI-

noKa3aTeJ1/11 CTa6111f1bHOCT/11 cfmKcau,111111 B 3aB/11C/11MOCT/11 OT 8/11.D,a 

OCTBOC/11HTe3a 

IIpe,D;eJI 
Y ,IJ;mrneH:ne 

Ha:nMeHoBaH:ne :n3,IJ;eJI:n.H npOt.IHOCT:n, 
npM 

MPa 
pa3pyIIIeH:n:n, 

% 

OcTeocJ1HTe3 norrepeqHoro 

rrepeJioMa: 
ITJiaCTJ1HOM J1 K0pTl1KaJib-

603,67 2,02 HblMJ1 BJ1HTaMJ1 

KaHIOJil1p0BaHHbIM BJ1HT0M 
942,67 11 ,64 

J1 crr:i:1u;eii 

BJ1HTaMJ1 Uli1TO 1098,00 18,12 

OcTeOCJ1HTe3 3a,z::i;HeM 

KOJIOHHbI: 

ITJiaCTJ1HOM J1 K0pTl1KaJib-
594,00 1 ,34 HbIMJ1 BJ1HTaMJ1 

KaHIOJil1poBaHHbIM BJ1HT0M 751,00 12,94 

BJ1HT0M Uli1TO 1053,00 6,06 

OcTeocJ1HTe3rrepe,z::i;Heii 
KOJIOHHbI: 

ITJiaCTJ1HOM M K0pTl1KaJib-
177,00 1 ,43 HbIMJ1 BJ1HTaMM 

KaHIOJIMp~BaHHbIM BJ1HTOM 245,67 1,43 

BMHT0M Uli1TO 293,00 1,43 
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Puc. 3. Pe3y JTbTa Tb! J1CI1bITaHMH rrpoqHOCTM OCTeOCJ1HTe3a rrorrepeqHoro rrepeJTOMa 06e11x KOJTOHH BepT JTYJKHOM Brra,z::i;MHbI. 

a - rrJTaCTMHa 11 KOpTMKaJibHbIH BMHT, 6 - KaHIOJ111poBaHHbii1: BMHT 11 crr11u;a, B - BMHTbI UMTO. 

Puc. 4. Pe3yJTbTaTbI 11crrb1TaH11H rrpoq
HOCTM KaHIOJTMpOBaHHOro BMHTa 
Synthes AO (a) M BMHTa UMTO (6). 
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CH Bbillle Ha TpeTb, qTo ITO HallleMy 

MHemuo, rOBOpMT O ITpev1MyID,eCTBe 

,n;aHHOro Bv1,z::i;a OCTeOCv1HTe3a, Hap.H

,n;y C MeHbllleM TpaBMa TJ,1qHOCTbIO B 

xo,z::i;e ITpoBe,r:i;eHv1.H 3Tv1x MeTaJIJIO

qmKca TOpOB. 

OcTeocv1HTe3 Bv1HTaMv1 UMTO 

rroKa3aJI caMhle BhlCOKHe ITOKa3aTeJiv1 CTa6v1JibHOCTJ,1 

q:rnKcau;v1v1 rrepeJIOMOB. HecMoTp.H Ha To qTo ero ,z::i;v1a

MeTp B ,r:i;Ba C JIJ,1IIIHv1M pa3a MeHbllle, qeM y KaHIOJIHpo

Ba H HO ro Bv1HTa' OH 

ITOJIHOCTbIO OTBeqaeT ITpOqHOCTHbIM Tpe6oBaHv1.HM, 

ITpe,ll;'b.HBJI.HeMblM K (J)HKCaTopaM, ITpv13BaHHbIM 06ecITe

qJ,1Tb Ha,z::i;emHhIM ocTeocv1HTe3 BepT JiymHow Brra,r:i;v1Hb1. 

Cpe,z::i;v1 ITpev1MyID,eCTB ,z::i;aHHoro tj)v1Kca Topa cJie,z::i;yeT OT

MeTHTb OTCYTCTBHe Heo6xo,r:i;v1MOCTJ,1 B ITpe,z::i;Bapv1TeJib

HOM paccBepJiv1BaHJ,1J,1 KaHaJia KaHIOJIHpOBaHHblM CBep

JIOM ITO HaITpaBJI.HIOID,eM CITm~e, a He60JibllIOM ,z::i;v1aMeTp 

BMHTa IT03BOJI.HeT ,ll;OITOJIHJ,1TeJibHO (J)MKCHpOBaTb o,z::i;Hy 

J,13 KOJIOHH BepT JIY:>KHOM BITa,ll;HHbI BTOpbIM Bv1HTOM , J,1C

KJIIOqJ,1B TeM caMbIM p0Tau;v1IO KOCTHbIX tj)parMeHTOB ITPH 

OCKOJibqaTblX ITepeJIOMax v1 rapaHTHpOBaB CTa6v1JibHOCTb 

OCTeOCv1HTe3a. 

KaK ITOKa3aJiv1 pe3y JihTa Thi v1CITbITaHv1w ITpoqHocTv1 

Bv1HTOB, ITpoqHOCTb KaHIOJIHpOBaHHOrO Bv1HTa B HeCKOJib

KO pa3 ITpeBhilllaeT TaKoByIO BHHTa UMTO: ITpe,r:i;eJihI 

ITpoqHOCTv1 , ITOCJie KOTOpbIX Ha qv1HaJiaCb ,z::i;ecpopMau;v1.H 

BHHTa ITpv1 c,z::i;aBJiv1BaHv1v1 , cocTaBv1Jiv1 74,55 MPa (y,r:i;Jiv1-

HeHv1e ITpv1 pa3pyllleHv1v1 16,15%) v1 16 ,02 MPa (y,r:i;Jiv1He

Hv1e ITPH pa3pyllleHv1J,1 18,2%) COOTBeTCTBeHHO (pv1c. 4), 
qTO, Bv1,ll;v1MO , o6ycJIOBJieHO pa3HOCTbIO ,z::i;v1aMeTpOB Bv1H

TOB v1 MeHhlllew MeTaJIJIOeMKOCTbIO BHHTa UMTO. O,z::i;

ttaKo :>KeCTKOCTJ,1 tj)v1Kcau;v1v1, KOTopyIO 06ecITeqv1BaeT 

BMHT UMTO, Haxo,z::i;Hch BHYTPH KOCTv1, xBaTaeT c v13-

6hITKOM ,ll;JI.H CTa6v1JibHOrO OCTeOCv1HTe3a. 

BhIBO,Uhl 

1. CaMbie BbICOKHe ITOKa3a TeJIJ,1 CTa6v1JibHOCTJ,1 (J)HK

cau;v1v1 ITepeJIOMOB 06ev1x KOJIOHH BepT JIY:>KHOM BITa,r:i;v1-

Hhl 6hlJIJ,1 ITOJiyqeHhl ITPH v1CITOJib30BaHv1J,1 KaHIOJiv1po

BaHHOrO BHHTa v1 BHHTa UMTO. 

2. OcTeOCv1HTe3 ITJiaCTHHOM J,1 KOpTHKaJibHblMJ,1 Bv1H

TaMv1 .HBJI.HeTC.H Hav1MeHee CTa6v1JibHbIM, XOT.H v1 OTBeqa

eT Tpe6oBaHv1.HM, ITpe,D;'b.HBJI.HeMbIM K MeTaJIJIO(J)HKCa

TOpaM ,ll;JI.H ITOrpy:>KHOro OCTeOCv1HTe3a. 

3. Bv1HT UMTO ITO ITpoqHocTv1 ycTyITaeT KaHIOJiv1po

BaHHOMY Bv1HTY ' o,r:i;HaKO 06ecITeqv1BaeT ,ll;OCTa TOqHyIO 

mecTKOCTb tj)v1Kcau;v1v1. 
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MH<l>OPMAQMH 

IIPOEJIEMA OCTEOIIOP03A 
B TPABMATOJIOf1H1 M OPTOIIE,UMM 

VI Kompepem.i;w.a c Mem,ll,y Hapo,1],HhIM y qacn,1eM 

2- 3 cpeBpan.H 2015 r ., M ocKBa , UMTO 

Ilo 3aKmoq eHl1IO 3KCnepTHOro COBeTa BO3, OCTeon opo3 
3aH11MaeT oco6oe MecTo cpe,n:11 naTonor 1111 onopHo-,n;B11ra
TeJ1bHOro annapaTa , TaK KaK xapaKTep 113yeTCH p ocTOM er o 
pacnpocTpa H e HH OCTl1 11 BhlCOKl1M p11CKOM BO3 H l1KH OBe Hl1.H 

Ha ero cpoHe n ep enoMOB. Cnom11Brna.Hc.H c11Ty au;11.H Tp e6yeT 
nepecMoTpa HanpaBJ1eH11.H npocp11naKTW-I ecK11x Mep 11 p on11 
TpaBMaTOJlOr a- op Ton e,n;a He TOJlbKO B paHHeM BbIHBJ1eHl111 
J111I.J; 113 r pynnbl p 11cKa 3Tl1X nepeJ1OM OB , H O 11 npe,n;OTBpar.u;e

Hl1.H nOBTOpHbIX n ep en OMOB, BepO.HTHOCTb KOTOpbIX n ocne 
nepBoro nepenoMa B03pacTaeT B 1,5- 9,5 p a3. OTcyTCTB11e 
,D;OJimHoro n OHl1MaHl1.H npo6JieMbl OCTeon op o3a .HBJl .H eTC.H 
np11q11HOJ!I p ocT a q11cn a OCJIOmHeH l1J!I nocJie on e p a u;11M OCTeO

Cl1HTe3a 11 3H,n;onpoTe311poBaH11.H. C 3a6oneBaH11eM Bee qar.u;e 
CBH3bIBaIOT 11 y BeJ111qe H11e cpoKa 3am11BJ1eH 11.H n e p e JIOM OB y 

JI11u; MOJio,n;oro 11 cpe,n;Hero B03pacTa. B ee Bbiwe n ep eq11c
JieHHb1e n p o6neMbI 11 Mepbl 6opb6bI C Hl1Ml1 o6cym,n;aIOTC.H C 
nep11O,z:i:11qH OCTbIO O,D;l1H pa3 B Tp11 ro,n;a H a HayqH o -npaKTl1-

qeCKl1X KOHcpep eHI.J;M.HX «IIpo6JieMa OCTeon op o3a B TpaBMa
TOJIOfl111 11 opTone,n:1111 », KOTOpbre n poBO,D;HTCH B UMTO 11M. 
H .H . Ilp11op 0Ba. IllecTaH KOHcpepeHu;11H, B p a6oTe KoTopoM 
np11H.HJ111 y qacT11e 207 yqacTH11KOB p a3HhlX ropo,n;oB Poc
c11v1, o,n;11H 3apy6emHbIM roCTb (CIIIA), npowJia 2-3 cpeBpa
Jl.H 20 15 r. 

K aea.Heb opraH113au;110HHbrx acn eKTOB, aKa,n;eM11K P AH 
n p ocp. C.II. M11poHOB (MocKBa) OTMeT11J1 p ocT 3a6on eBaeMo
cT11 ocTeon op o3oM B P occ11MCKOM ct> e,n;epau;1111 : cp e,n:11 B3poc
n or o HaceneH11.H B cpe,n;HeM Ha 2,3% B r o,n; , a cpe,n:11 n11u; 
cTapwe Tpy,n;ocnoco6Hor o B03pacTa Ha 3,3%. BnepBbre 3a
per11cTp11p oBaHo CBbIWe 1000 60J1bHbIX OCTeonop030M cpe
,n:11 ,n;eTcKoro HaceneH11.H. AHan113 3a60JieBaeMOCT11 B cy6oeK
Tax CTpaHbl CBl1,D;eTeJ1b CTByeT H e TOJlbKO O pa3 J1111.{H0J!I pac

npOCTpaHeHHOCTl1 3a6oneBaHl1H, HO 11 0 He,n;ocTaTKax B opra
Hl13au;1111 aM6ynaTopHOM TpaBMaTonoro-opTone,z:i:11qecKoM 
cnym6bI , l.{TO n p11BO,D;l1T K r 11no,n;11arHOCT11Ke 3a6oneBaHl1.H. 
MMeHHO He,n;ocTaTK11 opraH113au;110HHoro nopH,n;Ka (A.C. Kap
nyxv1Ha 11 ,n;p ., "9:e6oKcapbr ; JI.II. EBcT11rneeBa 11 ,n;p., EKaTe
pv1H6ypr) , He n 03BOJIHIOT ,D;OCTOBepHO onpe,n;eJ111Tb pacnpoc
TpaHeHHOCTb n epenOMOB npOKCl1MaJ1bHOrO OT,D;eJia 6e,n;pa 11 
paccq11Ta Tb n oTpe6HOCTb B MeTaJ1J10KOHCTPYKU:J1.HX np11 ne
qeHl1J1 ,n;aHHOJ!I KaTerop1111 60JibHbIX. ,lI:JlH opraH113au;1111 a,n;
peCHblX n eqe6Ho-npocp11naKT11qecKv1x Meponpv1.HT11M B rpyn
n ax p 11cKa pa3BMTl1H nepenoMoB Ha cpoHe ocTeonopo3a He-
06x o,n;11MbI perv10HaJ1bHbie peTpocneKTl1BHbie 11ccne,n;oBaH11.H 
n o 3nv1,n;eM11onorv1v1 nepenoMOB (B.B. EnaHOB c coaBT., 
HKy TCK). Bee ,D;OKJ1a,n;qv1KJ1 COWJ111Cb BO MHeHMM, l.{TO OTCYT
CTBl1e ,n;v1cnaHcepHoro Ha6n10,n;eH11H v1 c11cTeMbI Mep no paH
H e My BbIHBJ1eHI-1IO HapyweHI-1J!I M11HepaJ1bHOJ!I nJ1OTHOCTl1 KO

CTI-1 - np11qJ.1Ha He TOJlbKO BbICOKOro pI-1CKa nepenoMa , HO 11 
BbICOKOJ!I (6onee 30%) CMepTHOCTI-1 y JlJ,111; CTapw11x B03pacT-
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HbIX rpynn c n ep enoMaM11 npoKc11MaJ1bHoro oT,n;eJia 6e,n;peH
HOM KOCTYl. O,n;Hl1M 113 cne,n;CTBl1J!I HeCOBepweHCTBa CMCTeMbI 
opraH113au;1111 nOMOI.I..l;l1 60J1bHbIM C nepeJIOMaMl1 Ha cpoHe oc
Teonopo3a HBJ1HIOTCH 11 no3,n;H11e cpoK11 onepaT11BHoro neqe
H1111 , l.{TO Tome OTpamaeTC.H Ha 11cxo,n;ax J1 e qeHl1H 11 nOBbI

waeT cMepTHOCTb (A.C. Kapnyx11Ha 11 ,n;p. , "9:e6oKcapbr). Ha 
np11Mepe MocKOBCKOM 06JiacT11 (M.A. ,II:06p11u;brna 11 ,n;p., 
MocKBa) OTMeqe HO BJ111.HHl1e Hl13KOJ!I 11HcpopM11pOBaHHOCTl1 

HaceneH11.H o B03MOmHbIX nepenoMax Ha cpoHe ocTeonopo3a 
11 cyr.u;ecTBeHHOM BJ111.HHl111 3a6oJieBaHl1.H Ha Ka qecTBO m113-
Hl1 (E.A. IIpoxopoBa 11 ,n;p., MocKBa). 

CBH3b ocTeonopo3a c reHeT11qecK11M11 Ha pyweH11HMJ1 06-
r.u;e113BeCTHa: 80% Bap11a6eJibHOCTl1 Ml1HepaJ1bHOJ!I nJIOTHOC
Tl1 KOCTHOJ!I TKaHl1 06ycJ10BJ1eHO reHeT11qeCKl1Ml1 cpaKTOpa
Ml1. 3Tl1 ,n;aHHbie CTaJ111 OCHOBaH11eM ,D;JI.H no11cKa reHeT11qec
Kl1X MapKepoB npe,n;pacnoJiomeHHOCT11 K ocTeonopo3y. 
B ,n;oKJia,n;e P.M. XycaHHOBOM 11 ,n;p. (Y cpa) OTMeqeHa 3Haq11-
MOCTb nOJil1MOpcpHbIX Bap11aHTOB reHOB peu;enTOpOB Bl1Ta

Ml1Ha D 11 B11TaM11H D-cBH3bIBamr.u;ero 6enKa B pa3BMTMl1 
ocTeonopo3a y meHr.u;11H nocTMeHonay3aJibHOro B03pacTa 
BoJiro-YpanhcKoro p er110Ha Pocc1111 (11MeHHO TaM npoBo,n:11-
JIOCh ,n;aHHOe nony J1.HI.J;l10HHOe 11ccne,n;oBaH11e ). CBH3b reHe
Tl1Kl1 c Ha pyweH11.HM11 M11Hepan113au;1111 nonyq11na cBoe npo
,n;onmeH11e 11 B ,n;oKna,n;ax 3ace,n;aH11.H, nocB.Hl.I..l;eHHoro IOBe
Hl1JlbHOM cpopMe OCTeonopo3a. y cyry6J1HIOTC.H 3Tl1 Ha pywe
Hl1.H 11 cou;11aJ1bHbIM11 cpaKTopaM11 . TaK, B .B. Kp11BOBOM 
(TBepb) OTMeqeHbI pernoHaJibHbie oco6eHHOCTl1 cpopM11po
BaHl1H n11KOBOJ!I MaCCbI KOCTl1 11 BJ111.HHl1e o6pa3a m113Hl1 (H113-
KOe noTpe6JieH11e KaJibI.J;l1.H , r11no,n;11HaMl1H 11 r11nOKI-1He311.H) 
Ha yBeJ111qeH11e cpOKOB KOHCOJ111,D;au;v111 nepeJlOMOB 

(B.H. M epKyJioB 11 ,n;p., MocKBa). CBoeBpeMeHHoe Ha3Haqe
H11e npenapaTOB KaJ1bI.J;l1.H (ocTeoreHoH) 11 npenapaToB BI-1-
TaM11Ha D B 3Tl1X cnyqa.Hx , no MHeHl1IO aBTOpOB , nO3BOJ1.HeT 

HOpMaJ1113 OBa Tb cpOKl1 cpar.u;eHl1.H 11 cpopM11poBaHl1.H nl1KO

BOJ!I MaCCbI KOCTl1. 

Cpe,n:11 TpaBMaTOJIOrOB-OpTone,n;oB pacTeT noH11MaH11e 

Toro , qTo nepenoMbI (C.II. M11poHOB 11 ,n;p. , MocKBa) Ha cpoHe 
OCTeonopo3a HeJ1b3.H paccMaTp11BaTb KaK 113OJI11pOBaHHOe 

COCTOHHl1e , a nOTOMY J1eqeH11e ,D;OJlmHO 6bITb HanpaBJleHO 
KaK Ha BOCCTaHOBJ1eH11e u;eJ1OCTHOCTl1 KOCTl1 , TaK 11 Ha npe

,n;ynpem,n;eH11e HOBbIX nepenOMOB B 6y,n;yr.u;eM, qTo B03MOm
HO TOJlbKO nocpe,n;CTBOM BJ111HHl1.H Ha peMo,n;en11poBaH11e 

KOCTHOJ!I TKaHl1 J1eKapCTBeHHbIMl1 npenapaTaMl1. 3TO noJ10-
meH11e HaWJlO OTpameHI-1e B J1eKu;11v1 C .B. fIOJ1bHa3a pOBOJ!I 

(EKaTep11H6ypr) , noKa3aBrneM, qTo nm6oM nepenoM oceBoro 
CKeJleTa B HaCTO.Hl.I..l;ee BpeMH paccMaTp11BaeTCH KaK cpaK
TOp, 3anycKaIOI.I..l;11J!I pa3Bl1Tl1e nOCTTpaBMa T11qecKOJ!I 

ocTeoneH11v1 113-3a 113MeHeH11H MexaH11qecKoro HanpHmeH11.H. 
ct>yHKI.J;110HaJ1bHa.H Harpy3Ka Ha KOHel.{HOCTb cnoco6cTByeT 
perpeccy 11MM06v1n113au;110HHoro ocTeonopo3a (M.A. 3enhc
K11M 11 ,n;p. , EKaTep11H6ypr), O,D;HaKO 113-3a HapyweHl1J!I peMO
,n;en11poBaHJ1H ,n;ecp11u;v1T Ml1HepaJ1bHOJ!I nJ1OTHOCTl1 KOCTJ,1 co

xpaH.HeTCH ,n;o 10 neT. 
B neKu;1111 C.C. Po,n;110HOBOM (MocKBa) npoBe,n;eH cpaBH11-

TeJ1bHbIM aHaJ1J13 6110Jiorv1qecKOJ!I CTa611J1bHOCTl1 np11 OCTeo
CI-1HTe3e I-1 3H,D;OrrpoTe3I-1pOBaHJ.1J,1 y JlJ,111; C OCTeorrop030M 11 
6e3 ocTeonopo3a, a TaKme ,n;aH cpe3 cpapMaKonor11qecKv1x 
rrperrapaTOB, I-1CITOJ1b3yeMbIX npvt noBpem,n;eHl1HX 11 3a6one
BaHMHX KOCTeM Ha cpoHe CI-1CTeMHOro OCTeonopo3a. IIp11Be

,n;eHbI apryMeHTbI , CBl1,D;eTeJlbCTBYIOW:I-1e O TOM, l.{TO ycv1J1e

Hl1e pe3op6u;1111 B rrepv10,n; CTpeccoBoro peMo,n;en11poBaH11H y 



nau;v1eHTOB C CJi1CTeMHbIM OCTeOITOp030M He BCer,z::i;a KOMITeH

cv1pyeTC.H ycv1.rreHJ1eM KOCTeo6pa30BaHJi1.H, a 3Haq11T ITp11B0-

,lJ;11T K 1136bITOqHOJ.1 ITOTepe KOCTHOJ.1 MaCCbI. OTMeqeH 60Jib

IllOM KJil1H11qeCKl1J.1 OITbIT 11cnOJib30BaH11.H 3a py6e:>H'.HbIM11 KOJI

.rreraM11 ,z::i;eHocyMa6a - ITpeITapaTa , .HBJI.HIOw;eroc.H ITOJIHbIM 

qeJIOBeqe cK11M aHT11TeJIOM 11 06.rra,z::i;aIOw;ero BbipameHHbIM 

aHT11pe3op6T11BHbIM ,n;eMCTB11eM. Ilp11 ,lJ;JI11TeJibHOM ITp11eMe 

,z::i;eHocyMa6 3Ha q11TeJibHO CH11maeT Be pO.HTHOCTb HOBbIX n e 

peJIOMOB. Bo3 MOmHOCTb 11CITOJib30BaH11.H aHT11pe3o6T11BHbIX 

npena pa TOB ,n;.rr.H HOpMa.rr113au;1111 p e Mo,z::i;e.rr11p oBaH11.H y 60.rrb

Hbrx C11CTe MHbIM OCTeOITOp030M (611ccpoccpoHaTOB 11JI11 MOHO

KJIOHaJibHbIX aHT11TeJI), B TOM l.-IJ1CJie 11 reHep11KOB 611ccpoc

cpoHaTOB, noKa3aHa B p.H,z::i; e coo6w;eH11M (JI.A. MapqeHKOBa 11 

,z::i;p. , MocKBa; A.IO. KoLJ11Ill 11 ,z::i;p., C-IleTe p6ypr). ABTOpbr 

OTMeT11JI11 , qTo ITpOcp11Jib ITepeHOC11MOCT11 11 3 cpcp eKT11BHOCT11 

OTeqecTB e HHOr0 reHep11Ka (pe30KJiaCT11H <PC 5 Mr) ITO 11C

c.rre,z::i;ye MbIM noKa3a Te.JI.HM cxo,n;eH C TaKOBbIM op11r11HaJibHO

ro npeITapaTa 30.Jie,n;poHOBOJ.1 K11CJIOTbI B 3KB11Ba.rreHTHOM 

,1J;O3e, a no,z::i;,z::i;epmKa ITpO113BO,lJ;CTBa ,z::i;meHep11KOB 11 11X 11C

nOJib30BaH11e B KJil1H11qecKOJ.1 ITpaKT11Ke - o,z::i;Ha 113 CTpa Te

r11qecK11x u;e.rrei1 BO3 ,n;.rr.H 06ecITeLJeH11.H Ill11p0Koro ,z::i;ocTyITa 

Hace.rreH11.H K M e,z::i;11 u;11HCKOJ.1 ITOMOI.IJ;11. B11ccpoccp0Ha TbI IT
0
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11X Ha3 Ha q e H1111 ITau;11eHTKaM C ITe p eJIOMOM IlleJ.1K11 6e,z::i;pa B 

paHHeM IToc.rreoITepau;110HHOM ITe p110,z::i; e yBeJI11LJ11BaIOT Macey 

He TOJibKO ry6qaTOJ.1 , HO 11 KOpT11KaJibHOJ.1 KOCT11 (A.H. Top

ralll11H 11 ,z::i;p ., MocKBa). 

0 B03MOmH0CT11 11CITOJib30BaH11.H ITpenapaTa , ycv1JI11Bal0-

w;ero 11HTeHC11BHOCTb KOCTeo6pa30BaH11.H , ,z::i;o.rrom11.rr ,lJ;OKTOp 

K. Kroch (ClllA) . T epamrn Tep11ITapaT11,n;oM ITpo,z::i;o.rrm11TeJib

HOCTbIO 60.rree 6 M ee CITOC06CTBOBaJia CH11me H1110 qacTOTbI 

HeBepTe6paJibHbIX ITepeJIOM OB y ITau;11 e HTOB KaK C ITe pe.rro

MOM 6e,z::i;pa B aHaMHe3e, TaK 11 6e3 ITpe,z::i;IlleCTBYIOI.IJ;11X ITe p e 

JIOMOB 6e,z::i;pa 11 CTpa,z::i;a10w;11x 0CTeOITOp030M. OLJeHb BamHO , 

qTO p11CK HeBepTe6paJibHbIX ITepeJIOMOB coxpaH.HJIC.H Ha H113 -

KOM ypoBHe 11 ITOCJie OTMeHbI ITpeITapaTa. O,z::i;HaKO 0TMeqeHO , 

qTO C BO3 paCTOM 11 yBe.rr11qeH11eM q11c.rra COITYTCTBYIOI.IJ;11X 

3a60.rreBaH11J.1 y ITau;11eHTOB c ITe p e.rroMOM 6e,z::i;pa B aHaMHe3e 

B xo,z::i;e .rreqeH11.H Tep11ITa pa T11,n;oM qaw;e B03H11Ka.rr11 cepbe3-

Hbre Heme.rraTeJibHbie .HBJieH11R. B TO me BpeMR coxpaH.HIO

w;a.HCR Heo6ecITeqeHHOCTb B ,lJ;OJimHOJ.1 Mepe JieKapCTBeHHbI

M11 ITpenapaTaM11 RBJIReTCR 0,lJ;HOJ.1113 np11q11H Toro , qTo TOJib

KO 9% JIJi1IJ; C nepeJIOMOM weJ.1Kl1 6e,z::i;peHHOJ.1 KOCT11 B03Bpa

w;aIOTC.H K ypOBHIO cp11 311qecKOJ.1 aKT11BHOCT11 , Ha KOTOpOM 

Haxo,z::i;11.rr11cb ,z::i;o ITepe.rroMa (C.Il . M11pOHOB 11 ,z::i;p. , MocKBa) . 

O,n;H11M 113 BOITpOCOB, o6cym,z::i;aeMbIX Ha KOHcpepeHu;1111 , 

CTaJIO KaqecTBO KOCT11 ,z::i;o OITepau;1111 , BJI11RH11e MeTaJIJIOKOH

CTPYKIJ;11J.1 Ha KaqecTBO 11 Ko.rr11LJecTBO KOCT11. IloKa3aHo 

(JI.K. Bp11maHb 11 ,z::i;p. , MoCKBa) , l.JTO H ea,z::i;eKBaTHaR ou;eHKa 

COCTORH11R 60JibHOro ,z::i;o OITepau;1111 H e raT11BHbIM o6pa30M BJI11-

ReT Ha p e3yJibTaT BMe waTeJibCTBa 11 KaqecTBO e ro m113H11 

ITOCJie oITepau;1111. ABTopaM11 pa3pa60TaHa 11 BH e,n;p e Ha B 

ITpaKT11KY MeTO,lJ;11Ka 11CITOJib30BaH11.H 6aJIJibHbIX WKaJI ,lJ;JIR 

oITpe,z::i;e.rreH11R «opToITe,z::i;11qecKoro B03pacTa » , oTpamaIOw;e r o 

ITpem,z::i;e BCero Ka q ecTBO KOCT11. 

Oco6eHHOCTblO .rreqeH11R ITepeJIOMOB Ha cpoHe OCTeOITO

po3a OCTaeTCR ,lJ;BYXKOMnOHe HTHbIJ.1 ITO,lJ;XO,lJ; , 3aKJIJOqaJOI.IJ;11J.1-

C.H B OITepau;1111 OCTeOC11HTe3a C ,z::i;11cpcpepeHu;11poBaHHbIM BbI-

6opoM MeTo,z::i;a OCTeOC11HTe3a , yq11TbIBa10w;eM xapaKTep ITOB

p em,z::i;eH11R , cpoK C MOMeHTa TpaBMbI , 11 ITOCJie,n;yIO w;eJ.1 cpap

MaKOTe paIT1111 , HaITpaBJie HHOJ.1 Ha HOpMa.rr113au;1110 peMo,z::i;e 

JI11pOBaH11R KOCTHOJ.1 TKaH11 (A.<P. Jia3apeB 11 ,z::i;p., MocKBa) . 

Ji1cITOJib30BaH11e 611oaKTl1BHbIX KOHCTPYKIJ;Ji1M , ITO MHeH11IO H e 

KOTOpbIX aBTopoB (A.P. KoMKOB 11 ,z::i;p., KeMepoBo) , MomeT 

y .rryqlll11Tb 11CXO,lJ;bI .rreqeH11R ITa TOJIOr11qecK11x ITep eJIOMOB. 

B11oaKTl1BHaR T11TaHOBaR CIT11pa.rrb ,lJ;JIR OCTeOC11HTe3a ITpOK

c11MaJibHbIX ITepeJIOMOB ITJieLJa y JI11IJ; ITOm11.rroro B03pacTa 

ITp11 C11CTeMHOM OCTeonopo3e He TOJibKO CTa611JIJi1311pyeT OT

JIOMK11 , HO 11 BJI11ReT Ha CTpyKTYPY KOCT11 B 3OHe ITOBpem,z::i;e 

H11R. I1cnOJib30BaH11e 3H,lJ;OITpOTe30B C 611oaKTl1BHbIM ITOKpbI

T11eM cIToco6cTBYeT ITpe,z::i;ynpem,z::i;eH1110 ITpem,z::i;eBpeMeHHOro 

pacwaTbIBaH11R , qTo yBe.rr11q11BaeT cpoK c.rrym6hr 3H,lJ;OITpo

Te30B (M.B . JieK11IllB11.rr11 11 ,z::i;p ., MocKBa). Ilo.rryt.J:eHHbre 

p e3YJibTaTbr aTOMH0-c11.rroBoi1 M11KpocKon1111 (JI.B. Pe3HMK 

11 ,z::i;p., OMCK) no,n;TBepm,z::i;aIOT, t.J:T0 np11 OCTeonopo3e H e TOJibK0 

yMeHblllaeTCR KOJI11t.J:eCTBO KOCT11, HO 11 BO3H11KaIOT Bbipa

meHHbie CTPYKTYPHhre Ha pyweH11R Ka t.J:eCTBa KOCT11 3a cqeT 

TpaHccpopMau;1111 KOJIJiareHOBbIX BOJIOKOH. 
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O6cym,z::i;a.rr11cb (H.B. 3aropo,z::i;Hv1i1 11 ,z::i;p ., MocKBa) BJIJ1.H

H11e Ha KOCTHYIO TKaHb 11 pa3B11TJi1e HeCTa611JibHOCTJi1 npo

,n;yKTOB 113HOCa ITOJI113T11JieHa 11 pOJib 11MITJiaHTaTa B pa3B11-

T1111 OCTeOJIJi13a, KOTOpbIM, no MHe HMIO H eKOTOpbIX aB'rOpOB 

(M.A. MaKapoB 11 ,z::i;p., MocKBa) , yBe.rrw-rnBaeTc.H np11 u;e

MeHTHOJ.1 cp11Kcau;1111 11MnJiaHTa TOB . I1 po,n;e MOHCTp11poBaHO 

no.rrom11TeJibHOe BJI11RH11e ,n;11HaM11LJeCKOM cp11Kcau;v111 Ha CTa-

611.JibHOCTb 11MnJiaHTaTa npv1 .rreqeH1111 CK0JIJi103a , coqeTaIO

w;eroc.H c ocTeoITopo30M (A.A. Ky.rrelllOB 11 ,z::i;p., M ocKBa). 

OTMeqe HO, l.JTO BHe,z::i;peHMe B KJI11H11LJeCKYIO npaKTMKY 

pa60TbI TpaBMa TOJIOrOB-OpTone,z::i;oB H0BbIX TeXHOJIOrJi1qHbIX 

11 3KOHOM11t.{eCK11 ,z::i;ocTynHbIX MeTO,lJ;OB paHHeJ.1 ,z::i;v1arHOCTJi1KJi1 

OCTeOITOpO3a (peHTreHOBCK11e ,z::i;eHC11TOMeTpbr) , a TaKme l1H

cpopM11poBaH11e nau;11eHTa ITO BonpocaM ocTeonopo3a c pe

KOMeH,z::i;au;11.HM11 BblfIOJIHeH11.H ,z::i;eHC11TOMeTp111i1 , nOBbIIllaIOT 

q11c.rro nau;11 e HTOB C ,z::i;11ar H OCT11poBaHH bIM 11 .rreqeHHbIM 

ocTeoITopo30M (Y.P . XaK11MOB 11 ,z::i;p., MocKBa; M.A. ,II:06pv1-

IJ;bIHa 11 ,z::i;p. , MocKBa). O,z::i;HaKO OTCYTCTB11e npeeMCTBeHHOC

T11 Mem,z::i;y TpaBMa TOJIOraM11 11 Bpa qaM11 06w;eJ.1 npaKT11KJi1 , 

ITO o6w;eMy MHeH11IO, cyw;ecTBYIOI.IJ;ee ITOBCeMeCTHO , CHMma

eT 3cpcpeKT11BHOCTb .rreqeH11.H 3a6o.rreBaHJi1R. 

QqeHb 11HTepeCHbIM OKa3aJIOCb 3ace,z::i;aHv1e, ITOCBRI.IJ;eH 

HOe ocTeonopo3y, accou;1111poBaHH0MY c ,z::i;pyr11M11 3a6o.rreBa 

H11RM11. O6cym,z::i;a.rracb TaKT11Ka .rreqeH11R np11 COLJeTaH1111 oc

TeOITOpo3a 11 caxapHoro ,z::i;11a6eTa ( E.B. ,II:ocK11Ha 11 ,z::i;p ., MocK

Ba) , ocTeoITopo3a 11 ,z::i;ecpopM11py10w;ero apTpo3a. I1cno.rrb30-

BaH11e y ITau;11eHTOB , CTpa,z::i;a10w;11x O,lJ;HOBpeMeHHO OCTeOITO

pO3OM 11 OCTeoapTpO3OM , OKC11reHo6apoTepaIT1111 (C.B. fIOJib

Ha3apoBa 11 ,z::i;p. , EKaTe p11H6ypr) 11 ITpeITapaToB, BJIJ1.H10w;v1x 

Ha cycTaBHOJ.1 xp.Hw; (C.C. P o,z::i;110H0Ba 11 ,z::i;p. , MocKBa) , 3 Ha

q11TeJibHO nOBbIWaeT Ka qecTBO m113HJi1 ITau;v1eHTOB. I1HTe

peCHbIM11 C TOt.{K11 3peH11.H y.rryqllleH11R ,z::i;11arHOC TJi1KJi1 MeTa-

60.rr11qecK11x ocTeona T11J.1 6hr.rr11 coo6w;eH11R o r11nocpoccpa Ta-

31111 (H.IO. Ka.rr11H11qeHKO , MocKBa) 11 rnITepnapaT11peo,z::i;Hoi1 

ocTeo,z::i;11cTpocp1111 (H .B . B e3.rrIO,n;HaR 11 ,z::i;p. , "lle6oKcapbr ) . 

B 3aKJIIOqeHMe 6 bIJIO OTMeLJeH O, t.{TO no,n;o6Hhie KOHcpe

peHIJ;J1Ji1 Ji1MeIOT 60.JiblllOe npaKTW{eCKOe 3HaqeHJ1e, TaK KaK 

no3 BOJIRIOT npOBO,D;Ji1Tb e,n;v1HyIO TaKTJ1KY B ,n;v1arHOCTJ1Ke Ji1 

Jiet.J:eHJi1Ji1 60.JibHbIX OCTeonop030M , Hym,z::i;aIOIIJ;J1XC.H B XJi1-

p yprv1qecKOM JieLJeHJi1Ji1. B TO me BpeMR yKa3aHO Ha Heo6-

XO,D;Ji1MOCTb o praHJi13aIJ;J1Ji1 pa60TbI Ha cpe,n;epaJibHOM ypoB

He n o CO3,D;aHJi1IO P ocCMMCKOrO peecTpa nepeJIOMOB llleMKJi1 

6e,n;peHHOM KOCTJi1. MHorou;eHTpOBbie 3n1,1,n;eMJ10JIOrv1qecKv1e 

v1cc.rre,n;oBaHv1.H pacnpocTpaHeHHOCTM ocTeonopo3a v1 qac

TOTbI nepe.rroMOB , B03HMKaIOIIJ;MX Ha e r o cpoHe , u;e.rrecoo6 -

pa 3 HOCTb KOTOpbIX H Ji1 y Koro He BbI3bIBaeT COMHeHM.H , 

c.rre,n;yeT npOB O,lJ;Ji1Tb C 60.rree aKTJ1BHbIM npMBJieqeHMeM K 

pa6oTe TpaBMa TOJIOrOB-OpTone,n;oB. Heo6xo,D;Ji1MO C03,D;aHMe 

CTaH,n;apTOB ,n;v1arHOCTJ1KJi1 3a6o.rreBaHJi1.H J1 6a30BOM JieKap

CTBeHHOM TepanJi1Ji1 C nO3J1IJ;J1Ji1 ,D;OKa3a TeJibHOM Me,D;MIJ;J1Hbl 

11 3KOHOMJi1qecK0M T0t.{KJ1 3 peHJi1.H. 3aMe,n;.rreHHOe cpopM1i1-

poBaHv1e nv1Ka KOCTHOM MaCCbI y ,n;eTeM Ji1 no,n;pOCTKOB , OT 

MeqeHHOe BO MHOI'Ji1X perv1OHax P oCCJ1Ji1, c.rre,n;yeT pacu;e

HJ1BaTb KaK np1i13HaK HapyllleHM.H cp1i13Ji10JIOrJi1t.J:eCKOro pa3-

BJi1TJi1.H CKeJieTa. OnTJi1MJi13aIJ;J1IO B03 paCTHbIX TeMnOB npv1-

pocTa MMHepaJibHOJ!I nJIOTHOCTJ1 KOCTJ1 y ,n;eTeM J1 no,n;poc

TKOB nyTeM KOMnJieKCH Oro B03,D;eMCTBJ1.H , BKJIIOLJaIOIIJ;ero 

cpopMv1poBaHJ1e 3,D;OpOBOro o6pa3a )KJ13HJ1 , J1CnOJib30Ba 

HJ1e npenapaTOB KaJibIJ;J1.H J1 BJ1TaMJ1Ha D , M0)KHO pac

CMaTpHBaTb KaK paHHIOIO npocpv1.rraKTJ1KY OCTeonopo3a. 

BbI.HBJieHHa.H 3 Ha qJ1MOCTb nOJIJ1MOpcpv13Ma Ba pv1aHTOB re 

HOB peu;enTopoB BJ1TaMJ1Ha D J1 BJ1TaMJ1H D-CB.H 3 hlBaIO

IIJ;e ro 6e.rrKa B pa3 BJ1TJ1J1 ocTeonopo3a y meHIIJ;J1H n ocTMe 

Honay3aJihHoro nepv10,z::i;a B p.H,n;e perv10HOB P occv1v1 no,n;

TBepm,n;aeT BamHOCTb BKJIIOqeHJ1.H ,n;eHCJ1TOMeTpv1qecKoro 

06c.rre,n;oBaHJ1.H .rrv1u; Mo.rro,n;oro 1,1 cpe,n;Hero B 03pacTa, Bxo 

.D;.HIIJ;J1X B rpynnbI pv1cKa OCTeonopo3a , B CTaH,n;apTbI , J1C 

nOJib3yeMhle B CJ1CTeMe o6.H3aTeJibHOro Me,D;J1IJ;J1HCKOro 

CTpaxoBaHJ1J1. AKTyaJibHbIM OCTaeTCJI C03,D;aHJ1e 6J10KOM

nO3J1IJ;J1OHHbIX MaTepv1aJIOB Ha OCHOBe qaCTJ1qHo ,n;eMJ1He 

paJIJ13OBaHHOrO KOCTHOro MaTpHKCa J1 npenapaTOB , H Op 

MaJIJ13YIOIIJ;J1X pe3op6u;v1IO , TaK KaK CJ1CTeMHbIM OCTeono 

po3 .HBJI.HeTC.H O,D;HOJ!I J13 r.rraBHbIX npv1LJJ1H OTcpoqeHHbIX 

OCJIOmHeHJ1M np1,1 OCTeOCJ1HTe3e J1 3H,D;OnpoTe3v1poBaHJ1J1. 

nporpeccop PoiJuoHoea C.C. , 
nporpeccop 01-fKypeHKO A.A. ( MocKea) 



BHUMAHUIO ABTOPOB 

«BecTHMK TpaBMaT0JI0rMM M opToITe.n;MM MM. H.H. IlpMopoBa » ITpe.n;Ha3HaqeH .n;JIH TpaBMaToJioroB-opToITe

.n;oB J,1 CITeu;MaJIMCT0B CMemHbIX o6JiaCTeJ1 Me,[J;MIJ;MHbl - HayqHbIX pa60THJ!IKOB , ITpaKTJ!IqecKMX Bpaqe:w, opra

HM3aTopoB HayKM J,1 3.z:i;paBooxpaHeHM.H. B mypHaJie ITy6JIMKYIDTC.H opMrMHaJibHbie CTaTbJ/1 - TeopeTJ!IqeCKMe, 

KJIJ!IHJ!IqecKMe J,1 3KCITepMMeHTaJibHbie MCCJie.n;oBaHM.H, 3aMeTKJ!I J/13 ITpaKTJ!IKJ!I (KpaTKJ!Ie coo6w;eHM.H), JieKIJ;MM, 

o630pbl JIMTepaTypbI, MHcpopMaIJ;MOHHbie coo6w;eHM.H ITO aKTyaJibHbIM ITpo6JieMaM TpaBMaT0JI0fMM J,1 opTorre

,[J;J!IJ/1. 

PeweHMe 0 ITy6JIMKaIJ;MM CT a TbJ/1 ITPMHMMaeTC.H pe.n;aKIJ;MOHHOJ1 KOJIJierMeM Ha 0CH0BaHMM 0T3bIBa He3aBM

CMM0f0 peu;eH3eHTa ( CITeu;MaJIMCTa ITO ITp06JieMe ), ou;eHKJ/1 C00TBeTCTBJ/1.H pa60TbI 3TJ!IqecKMM Tpe6oBaHM.HM, 

a TaKme ITpaBMJiaM TeXHJ!IqecKOJ1 IT0,[J;f0T0BKJ/1 pyK0ITJ!ICJ/1. Pe.n;aKIJ;M.H 0CTaBJI.HeT 3a co6o:w rrpaB0 pe.n;aKTMpo

Ba Tb CTa Tb ID. 

Tpe6oBamrn K ocpopMnemuo pyKon11ceiii: 

• CTaTb.H ITpe.n;cTaBJI.H eTC.H B 0,[J;H0M 3K3eMITJI.Hpe, IT0,[J;ITMCaHH0M BCeMM aBT0paMM. Ha ITepBOJ1 CTpaHMIJ;e -

BM3a pyK0B0,[J;MTeJI.H , 3aBepeHHa.H rreqa TbID. P yKOITJ!ICb C0ITp0B0m.n;aeTC.H Oq_)MIJ;MaJibHbIM HaITpaBJieHMeM 

OT yqpem.n;eHM.H , B K0T0p0M BbIIT0JIHeHa pa6oTa , C yKa3aHMeM , qTQ .n;aHHblJ1 MaTepMaJI He ITy6JIMKOBaJIC.H 

B .n;pyrMX J/13,[J;aHM.HX, J,1 3aKJiroqeHMe M 06 0TCYTCTBJ!IJ/1 B HeM CBe.n;eHMJ1, He IT0,[J;Jiemaw;Mx oITy6JIMKOBaHMK). 

KpoMe Toro, ITPMKJia,[J;bIBaIDTC.H K0ITMM aBT0pCKMX CBM,[J;eTeJibCTB, ITaTeHT0B, y.n;ocTOBepeHMJ1 Ha pau;MoHaJIM-

3a T0pCKMe ITpe.n;JiomeHM.H J!IJIJ,1 pa3perneHMJ1 Ha ITy6JIMKaLI;MID, eCJIJ/1 3TM .n;oKyMeHTbI yrr0M.HHYTbl B TeKCTe 

CTaTbJ/1 . 

• CTaTb.H ITeqaTaeTC.H C O,[J;HOJ1 CT0p0Hbl JIJ!ICTa, Bee 3JieMeHTbI TeKCTa qepe3 2 M emcTpoqHblX J!IHTepBaJia, 

rnMpMHa ITOJie:w cITpaBa, BBepxy M BHM3Y - 2,5 CM, cJieBa - 4 CM. Ii1cITOJib3yeTc.H wpMcpT Times New Roman, 

pa3Mep wpMcpTa 12 rryHKT0B. CTpaHMIJ;bl HyMepyroTC.H a pa6CKMMM LI;McppaMM. O6w;M:w o6neM opMrMHaJibHOJ1 

CT a TbJ/1 - .n;o 12, o63opHOJ1 pa60Tbl - .n;o 16, Kpa TKJ!IX coo6w;eHMJ1 - .n;o 5 CTpaHMIJ;. 

• Ha TMTYJibH0M JIJ!ICTe ITPMB0,[J;.HTC.H: Ha3BaHMe CTaTbM ; MMeHa, cpaMMJIMM , QTqecTBa aBT0p0B Ha pycCK0M 

J,1 a Hr JIJ!IJ1CKOM .H3blKax C yKa3aHMeM MX y qeHOJ1 CTeITeHM, 3BaHM.H, MeCTa pa60Tbl J,1 3aHMMaeMOJ1 ,[J;0JI)KH0CTM; 

IT0JIH0e Ha3BaHMe yqpem.n;eHM.H (yqpem.n;eHMM) , r.n;e BbIIT0JIHeHa pa6oTa , B MMeHMTeJibH0M ITa.n;eme C yKa3aHM

eM Be,[J;OMCTBeHHOJ1 ITPMHa.n;JiemH0CTJ/1. ,II:aeTC.H MHcpopM aIJ;M.H « ,[J;JI.H K0HTaKT0B » - ITQqTQBbIJ1 J/1 3JieKTpOHHbIJ1 

a.n;pec, TeJiecpoH 0,[J;H0f0 J/13 aBT0p0B (.n;JI.H ITepeITMCKM C pe.n;aKu;Me:w J,1 ITy6JIMKaIJ;MM B mypHaJie ). 

• OpMrMHaJibHble CTaTbM, KaK ITpaBMJI0, ,[J;0JI)KHbl MMeTb CJie.n;yrow;Me pa3.n;eJibI: «BBe.n;eHMe » , «MaTepMaJI 
J,1 MeT0,[J;bl » , «pe3yJibTaTbl » , «o6cym.n;eHMe», « 3aKJiroqeHMe » ( « BbIB0,[J;bl » ) . 

• K CTaTb.HM ITPMJiaraeTC.H p e 3 K) M e (He 6oJiee 1/ 2 CTpaHMIJ;bI) Ha pyccK0M M aHrJIMJ1CKOM .H3bIKax, 

B K0T0p0M KpaTK0 J!I3JiararoTC.H u;eJib pa60TbI , MaTepMaJI J,1 MeT0,[J;bI, 0CH0BHbie BbIB0,[J;bI. B K0HLI;e pe3IDMe 

ITPMB0,[J;.HTC.H 3- 8 KJiroqeBbIX CJI0B ( CJIOBOcoqeTaHMJ1) . 

• CIT J,1 CO K JI J,1 Tep a Ty p bl ITeqaTaeTC.H Ha 0T,[J;eJibH0M JIMCTe, qepe3 2 MHTepBaJia, Kam,[J;hIJ1 MCTQqHMK 

C HOBOJ1 CTp0KM. B ee pa60TbI ITepeqJ!ICJI.HIDTC.H B IT0p.H.n;Ke IJ;MTMp0BaHM.H. B CITMCKe o6.H3aTeJibHO yKa3bIBaIDT

C.H: ITO KHMraM - cpaMMJIJ/1.H aBT0pa (aBTopoB) J/1 ero J!IHMIJ;MaJibI , IT0JIH0e Ha3BaHMe KHMrM, MeCT0 M ro,n; 

J/13,[J;aHM.H, IJ;MTMpyeMbie CTpaHMIJ;bI ( OT - .n;o ); ITO mypHaJiaM, c6opHMKaM , HayqHbIM Tpy.n;aM - cpaMMJIM.H 

aBTopa (aBTOpOB) J,1 ero J!IHMIJ;MaJibI , Ha3BaHMe CTaTbM, Ha3BaHMe mypHaJia, c6opHMKa, HayqHoro Tpy.n;a, ro,n;, 

TOM, H0Mep J,1 CTpaHMIJ;bI ( OT - .n;o ). H eoITy6JIMKOBaHHbie pa60TbI B CITMC0K He BKJIK)qaroTC.H. ,II:JI.H opMrMHaJib

HbIX CTaTe:w CITMC0K JIMTepaTypbI CJie.n;yeT orpaHJ!IqJ!ITb 30 J!ICTQqHJ!IKaMM, ,[J;JI.H o630pHbIX - 60, ,[J;JI.H JieKIJ;MJ1 M 

.n;pyrMX MaTepMaJI0B - 15. BM6JIMOrpacpMqecKMe CCbIJIKJ/1 B TeKCTe CTaTbJ/1 .n;aroTC.H B KBa.n;paTHblX CK06Kax 

H0MepaMM B C00TBeTCTBJ!IJ/1 C ITPMCTa TeMHblM CITJ!ICK0M JIM Te pa TYPbI. 

• Iif JI JI ID CT pa LI; MM (pMCYHKM, rpacpMKM , cpoTorpacpMM, cxeMbI) ITpe.n;cTaBJI.HIDTC.H B )];Byx 3K3eMITJI.Hpax 

C yKa3aHMeM MX H0Mepa , cpaMMJIJ!IJ,1 aBT0pa, ITOMeTKOJ1 « B e px » . IifJIJIK)CTpau;MM ,[J;0JI)KHbI 6bITb qeTKMMM, ITpM

ro.n;HbIMJ/1 ,[J;JI.H B0CITp0M3Be.n;eHM.H. Iifx qJ!ICJI0 He ,[J;0JI)KH0 ITpeBbilllaTb 10 (BKJIK)qa.H a, 6 J,1 T . .n;.). Ilo.n;ITMCJ/1 

K pMCYHKaM ITeqaTaIDTC.H Ha 0T,[J;eJibH0M JIJ!ICTe C yKa3aHMeM H0Mepa pMCYHKa. B IT0,[J;ITMC.HX ITPMB0,[J;MTC.H 

060.HCHeHMe 3HaqeHM.H Bcex KpMBblX , 6yKB, u;ttcpp M .n;pyrMX ycJI0BHbIX o603HaqeHMJ1. B IT0,[J;ITJ!IC.HX K MMK

pocpoTorpacpM.HM yKa3bIBaeTC.H y BeJIMqeHMe (OKYJI.Hp, o6neKTMB) M MeT0,[J; 0KpaCKJ/1 J!IJIJ,1 J!IMITperHaIJ;MM MaTe

pMaJia. B TeKCTe o6.H3a TeJibH0 .n;aeTC.H CCblJIKa Ha Kam,[J;bIJ1 pMCYH0K. 

• Ta 6 JI J,1 u; bl ,[J;0JI)KHbI 6blTb IT0CTp0eHbl HarJI.H,[J;H0 , MMeTb Ha3BaHMe; 3ar0JI0BKJ!I rpacp ,[J;0JI)KHbl TQqHo 

C00TBeTCTB0Ba Tb MX co.n;epmaHMID. B Tee Te yKa3bIBaeTC.H MeCT0 Ta6JIMIJ;bl J,1 ee ITOp.H,[J;KOBbIJ1 H0Mep . 

• C 0 K p a w; e H J,1 .H C JI 0 B B TeKCTe CJie.n;yeT M36era Tb ( 3a MCKJiroqeHMeM o6w;eITpMH.HTblX COKpaw;eHMJ1 -

rocT 7.12- 93 ,[J;JI.H pyccKoro M rOCT 7.11-78 ,[J;JI.H J!IH0CTpaHHblX eBpOITeMCKMX .H3bIKOB). ECJIJ/1 BCe-TaKM 

rrpMX0,[J;J!ITC.H IT0Jib30BaTbC.H C0Kpaw;eHM.HMM, MX CJie.n;yeT pacwMcppoBaTb ITPM ITepB0M YIT0MMHaHMM TepMMHa 

M .n;aJiee J!ICII0Jib30 Ba Tb ITO BCeMy TeKcTy. 

• E ,[I; M HM LI; bl M 3M e p e HM .H ,[J;0JI)KHbI ITPMB0,[J;J!ITbC.H B C00TBeTCTBJ!IM C Mem.n;yHapo.n;HOJ1 CMCTeMOJ1 e.n;M

HMIJ; (CM). 

• K pyK0ITMCM .n;oJimHa 6b1Tb rrpMJiomeHa ee 3 JI e K T p o H H a .H B e p c M .H . IifJIJIIDCTpau;MM ITpe.n;cTaBJI.HIDT

C.H o6.H3aTeJibHO B BM,ZJ;e 0T,[J;eJibHblX rpacpJ.1qecKMJ1 cpa:WJIOB (6e3 ,[J;0IT0JIHMTeJibHbIX o603HaqeHMJ1 - CTpeJI0K, 

6yKB li1 T.rr.): B cpopMaTe TIFF MJn1 JPG (pa3peweHMe 400 dpi), BeKT0pHble pttcyHKM - B BM,n;e rry6JIMKaLI;li1M 

Corel Draw (BepcM.H 7), .n;ttarpaMMbl - B BM.n;e Ta6JIMIJ; .n;aHHblX Excel. Ii1cITOJib3YIDTC.H cJie.n;yrow;li1e TMIThr 

H0CMTeJie:w: CD-R; CD-RW; .n;ttcKeThl 1,44 MB. 

He npw--lJLmble 1<: ne1tamu py1<:onucu pe8a1<:7.tueu 1-le B03BpaUfa10mcJL. 
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