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MOP®OJIOTMYECKASI KAPTUHA KOCTHOM TKAHU OTHECTPEJIBHBIX
INEPEJIOMOB TP YPECKOCTHOM KOMITPECCUOHHO-IUCTPAKIHIMOHHOM
OCTEOCHHTESE 11O I''A. HJIIM3APOBY B YCJIOBUAX HU3KOI'OPbS
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Pe3rome. B skcriepuMeHTe B yCIOBUSAX HU3KOTOPhS U3yUEHbI 0COOEHHOCTH U3MEHEHUS CTPYKTYPbI
KOCTHOI TKaHM B 30HE OTHECTPENBHOrO IepeiomMa auadusa TOJeHH. IJKCIepUMEHTAIbHBIC
uccnenoBanus nposeeHsl B 2015 roay, Ha B3pocibIX 6ecOpoIHBIX cO0aKax, KOTOPBIM B YCIOBHSIX
HU3KOrophs (T. buiikek, 780 MeTpoB HaJl ypOBHEM MOPS) BOCIPOU3BEACHA MOJIETh OTHECTPEIHHOTO
nepenoMa TOJIEHHM ¢ HajoXeHueM anmnapata Mnmsapoa. Mopdonorudeckoe ucciaeioBaHue
MPOBOJIMIIA B TEUEHHE 2-X MECAIEB OOUIETPUHATHIMU THCTOJOTHUYECKUMH MeTOoJaMu. B kxocTHOMU
TKaHW ONPEIEIIINCh KOJUYECTBO COCYAOB, OCTEOHOB, KOCTHBIX KIJIETOK, IUIOIIAJb KaHaJIOB
ocTeoHOB. Bce aTambl 00paboTKM mpenaparoB MNPOBOAWIM B COOTBETCTBUM C MPHUHLUIIAMU
KOJINYECTBEHHBIX METOJIOB MCCJIEIOBAHUS T'MCTOJOTHYECKUX O0O0BEKTOB. B skcmepumeHTe ObLIO
MIOJIyYUEHO TIOJHOILIGHHas KOHCONMJauus repeinoma. Meron CTaOMIBHOTO  BHEOYaroBOI'O
KOMIIPECCUOHHO-IUCTPAKLIMOHHOTO OCTEOCHHTe3a O00ecredrnBaeT ONTUMAlbHbIE YCIOBHUSA IS
pereHepanyy U BOCCTAHOBJIEHMS MOBPEXKIEHHON KOHEYHOCTU. BBISABIEHO, YTO MpPHU NPUMEHEHUU
KOMIIPECCOHHO-AUCTPAaKIMOHHOTO Mertoaa mo [.A. WMnuzapoBy Habmomaercss BbIpaKEHHBIN
AQHTUOTCHHBIN (P QeKT, yIydlleHHe penapaTUBHBIX THporeccoB. [lomydeHHBIE pe3yabTaThl
MOJATBEPKAAIOT  HEOOXOAMMOCTh  NPUMEHEHUS MeTOoJa BHEOYaroBOro  KOMIIPECHHMOHHO-
JUCTPAKLIIMOHHOTO OCTEOCHHTE3a [UIl YCKOPEHMS 3aKMBJICHMS OTHECTPENBHBIX IIEPEIOMOB
TpyOuaTbix kocteil. IIockonbKy B MpeablIylIINX CepUsx Halled paboThl MpeAcTaBieH OOLIMPHBIN
SKCIIEPUMEHTAJIbHBIA MaTepuan Mo BOIpOcaM OCOOEHHOCTEH pereHepalnuy KOCTHOM TKaHU IMpu
CTaOMJIBHOM OCTEOCHHTE3€ B YCIOBHAX BBICOKOTOpbsl. DTa cepusl SKCIEPUMEHTOB BBIMOJHEHA C
IEJTBIO TTOTyYeHHs 0a30BbIX HU(POBBIX JAHHBIX O COCTOSSHUM KOCTHOM M MSITKAX TKaHEW KOHEYHOCTH
IUIS. CPAaBHUTEJIBHOTO MCCIIE0BAHUS UX PEAKIIUH B YCIIOBUAX HU3KOTOPbSI.

KuroueBnle ciioBa: pereHepanus, KOCTHas TKaHb, OTHECTPENBbHBIM IEPEIOM, KOMIIPECCHOHO-
JIMCTPAKIIMOHHBII OCTEOCHHTE3, HU3KOTOPbE, 0CTE00IACThI, OCTEOLUTHI.

JKAIIBI3 TOJIYY AUMAK IIAPTTAPBIHIA COOK TKAHBIHBIH OK

KAPAKATTAPBIHBIH I''A. WJIN3APOBJIYH KOMPECCUSAJIBIK-

JUCTPAKIUAJIBIK OCTEOCHUHTE3 JAPBIJIOO BIKMACBIHBIH
HEI'M3UHAETI' MOP®OJIOT'UAJIBIK CYPOTY
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Pe3rome. Kambiz Toomyy aiiMakTa >KYpPry3yJdreH WIMMHUNA TaXpbliiOaHbIH HETM3UHIE OalThIp
COOI'YHYH JuapU3MHUHOK THMIeH KapaKaTTaparbl COOK TKaHbIHBIH ©3repyIly U3uiaeHred. Mnummii
Taxpeliibanap 2015 KbUlbl, XKambl3 TOONYY ailMakTbiH maptrapbiHaa (bulkek maapel, AeHU3
neHramHeH 780 M OMMMKTHKTE) OK THMIEH jKapakaTapJblH KacajliMa TYPYHI® HINTEIUI YbIKKaH
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MOJICJIMH TIOPOAACHI3 UTTEPre KOJAOHYI, Mu3apoBayH anmaparblH OpHOTYIIKaH. MopdoIorusibik
n3nee 2 aii GOIOKEHHPH KOJAOHYJTaH T'MCTOJOTHSUIBIK BIKMajap apKbUIyy KyprysyiireH. Ceek
TKAHBIHAATBl ~ TaMBIPJIAP/ABIH, OCTEOHIOPAYH, COO6K KJIETKAJIAPbIHBIH CaHbl  KAHAOCTEOH
TYTYKUYOJIOpYHYH  ©74eMYy  aHbIKTanraH.bapiapik — mpemaparrtapibl  MINTETYYHYH — 3TanTaphbl
THCTOJIOTHSUTBIK OOBEKTTEPAN KOJIOMAYK M3HIIO0 BIKMAJIAPBIHBIH HETU3WHE BUIAMBIK OTKOPYJITOH.
W3unneene >kapakaTrThlH TONYK KOHCOJMMIAIMsCHl OaiikanraH. TypyKTyy OYOKTOH CBHIPTKaphl
OCeKeMIOOHYH HETH3UHJICTH KOMITPECCHUSIIBIK-IUCTPAKIMSIIBIK OCTEOCHHTE3 BIKMACHI Kapakar ajraH
OylmuyH MyyHAY KaJblOblHA KENTHUPYY *KaHa KalpalaH >Kapallyycy Y4yH ONTHUMAJAYy MIapTTapiabl
KaMChbI3 KbUIAT. A WNnuzaposnyn KOMITPECCUSITBIK-AUCTPAKIUSIIBIK BIKMAaChIH
KOJITOHYYIaaHTHOT €HIMK Taacup jKaHa pernapaTUBAMK MpolieccTep 60100py aHbIKTaIAbL. M3unaeenen
QBIHTAH ~ HATBHIDKAJNAP OYOKTOH CHIPTKAphl OCKEMIOOHYH HETH3WHACTH KOMIIPECCHSITBIK-
JTUCTPAKIMSUTBIK OCTEOCHHTE3UH TYTYKTYY COOKTOpPre OK THHMIeH jKapaKaTTapAblH ailbIryycyH
TE37ETYY YUYH KOJJIOHYY KEePEKTUTHH TACTHIKTAWT. bu3nuH m3mineenyH Oyra deiiHKH OeIyTyHIO
OMIMK TOO ’KaHa TYPYKTYy OCTEOCHHTE3IIAPThIHIA COOK TKAHAAPHIHBIH KaJblObIHA KEeIYyYCYHYH
©3TreYeIIYKTOpY TYypallyy KEHHUPU SKCIEPUMEHTAIIBIK MaTeprai OepHIITeHIUKTEH, Oyl0ermymaery
TaXppliibanap >Kambl3 TOOJNYy aiiMak [MAapTHIHAAOYIYYH MYYHAApAbIH COOK JKaHa >KyMIIaK
TKaH/IapbIHBIHA0AJBI )KOHYHI6 0a3aJIbIK CAaHAPUIITHK MaalbIMaTTap Ikl aTyyMaKCaTBIH/IA KYPry3YIAY.
Hermsrm ce3mep: pereHepanus, CO6K TKaHbl, OK apakaTbl, KOMIIPECCHUSIIbIK-
JTUCTPAKIMSIIBIKOCTEOCUHTE3S, YKaIbl3 TOOJYY aiiMak, octeo0nacTrap, OCTEOLUTTED.

MORPHOLOGICAL PICTURE OF BONE TISSUE OF FIREARMS
FRACTURES DURING TRANSOSSENE COMPRESSION - DISTRACTION
OSTEOSYNTHESIS ACCORDING TO G.A. ILIZAROV IN LOW MOUNTAIN

CONDITIONS
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Summary. In an experiment in low-altitude conditions, the features of changes in the structure of
bone tissue in the area of a gunshot fracture of the diaphysis of the tibia were studied. Experimental
studies were conducted in 2015, on adult mongrel dogs, for which, in low-altitude conditions
(Bishkek city, 780 meters above sea level), a model of a gunshot fracture of the tibia was reproduced
with the application of an Ilizarov apparatus. Morphological examination was carried out over a
period of 2 months using standard histological methods. In bone tissue, the number of vessels,
osteons, bone cells, and the area of osteon channels were determined. All stages of preparation
processing were carried out in accordance with the principles of quantitative methods for studying
histological objects. In the experiment, complete consolidation of the fracture was obtained. The
method of stable, non-focal compression-distraction osteosynthesis provides optimal conditions for
regeneration and restoration of the damaged limb. It was revealed that when using the compression-
distraction method according to G.A. Ilizarov, a pronounced angiogenic effect and an improvement
in reparative processes are observed. The results obtained confirm the need to use the method of
extrafocal compression-distraction osteosynthesis to accelerate the healing of gunshot fractures of
long bones. Since the previous series of our work presented extensive experimental material on the
peculiarities of bone tissue regeneration with stable osteosynthesis in high altitude conditions. This
series of experiments was carried out to obtain basic digital data on the state of the bone and soft
tissues of the limb for a comparative study of their reaction in low-altitude conditions.

Key words: regeneration, bone tissue, gunshot fracture, compression-distraction osteosynthesis,
low altitude, osteoblasts, osteocytes.

EBpazuiickuii )xypHai 3[paBOOXpPaHEHUS 51 2024 Ne4



BOIIPOCBHI TPABMATOJIOI'MU U OPTOIIE/INUU

Beenenue. He cMOTpst Ha OrpOMHBIE JOCTHKEHUS
COBpEMEHHON MEIWIIMHBI, JIEYeHNE OTHECTPEIbHBIX
MEPEJIOMOB JUTMHHBIX KOCTEH CKeJeTa MPOIOIDKAeT
OCTaBaThCS CIIOKHOM M 1O KOHIIA HEPEIICHHOM
mpobiemoit [1,2,3]. Teuernme panHeBoro mporiecca
OTHECTPENBHOI paHbl OMpEeAeIseTCs XapakTepoM H
00BEMOM  TIOBPSKICHHBIX  TKaHEH, peakIuei
COCY/IOB, Pa3BUTHEM THIIOKCHU B TKaHIX, OCOOCHHO

MBIIIEYHOH, KOTOpas BO3HMKaeT Ha  (oHe
paccTpoiicTB MUKPOUUPKYIIAINNA.BO3ICHCTBHE
paHALIMX CHapsIoOB HA OpraHW3M  4YeJoBeKa

OKa3bIBaeT KOJACAIbHOE BO3JICHCTBHE, H3YUCHHIO
KOTOPBIX TMOCBSILEHO OTPOMHOE KOJMYECTBO PadoT
[4,5,6]. U3ydas nutepaTypy Ham ynajaoch HaWTH
OYeHb MAJIO HAYHBIX PabOT MOCBAIICHHBIX H3YUICHHIO
OTHECTPENBHBIX paH B YCIOBUSX BBICOKO H
HU3KOropbs. [lOCKONBKY BHPEOBIAYLINX CEPUAX
Harren paboTsI MIpeICTaBJICH OOITMPHBIHA
OKCIIEPUMEHTAIBHBI ~ MaTepwall 10  BOIPOcam
ocoOeHHOCTEH pereHepanuyi KOCTHOW TKaHHW MpU
CTaOMIEHOM OCTEOCHUHTE3€ B YCIOBUSIX BBICOKOTOPbS
[7]. OTa cepus 3KCIEPUMEHTOB BBIIIOJIHEHA C LIEJIBIO
noiy4yeHus: 0a3oBbIX IM(POBBIX JaHHBIX O
COCTOSIHUM KOCTHOW M MSTKUX TKaHEW KOHEYHOCTHU
JUIS. CPaBHHUTEIBHOTO HCCIIEOBAHUS WX PEaKIui B
YCIIOBUSIX BEICOKOTOPBSI.

Hean HMCC/ICIOBAHNS: U3Y4YUTh
MOpGOJOrHYECKYl0  KapTWHY  KOCTHOM  TKaHH
OTHECTPENBHBIX MEPETOMOB B YCIOBHAX HU3KOTOPbS
C TpPHUMEHEHHEM YPECKOCTHOTO OCTEOCHHTE3a IO
I'.A. Unuzaposy.

JKcnepUMeHTAIbHBIE MeTO/bI.
DKCIIepIMEHTaIbHBIE HCCIEeIOBAHHS IPOBEACHEI B
2015 romy Ha B3pocibIX OecrnoponHbX 27 cobakax,
KOTOpPHIM B 1-€ CyTKH TpeObIBaHWS B BHUBAPUHU
YCIIOBUSAX HHU3KOTopbs (I. bumkek, 780 mMeTpoB Hax
YpOBHEM Mops) BOCIPOM3BOICH MOJIEINb
OTHECTPEJILHOTO IepesioMa TOJeHH C HaJOKEHUEM
anmapara WnmszapoBa. OTrHECTpENbHEBIE TMEPETOMBI
HaHOCWJIU co0akaM B Juau3 KOCTEH TOJCHH C
HaJOKEHUEM amnmnapara WNnusaposa oJ
HelpoJenTaHaire3uei. Touka HaHECEHUs
OTHECPETHHON paHbl HAXOAWIIACHh B O0OJIACTH CpeTHEeH
- HIDKHEH TpeTH ToJIeHH C JaTepalibHOM CTOPOHEHI C
paccrosnust B 20 MeTpoB U3 nuctoiera Makaposa,
myJell KoHNYeckor (kamubpa 9 MM), TYMOKOHEYHOMH
(hOpPMBI CO CTaIBHBIM CEPACUHUKOM, JTHHOM 102 MM,
Maccoit 6,4 rp. [8,9].

WCCIICIOBAaHMS THCTONOTHIecKuX 00hekToB [10]. Ha
BCEX dTamaxX dKCIEpHMEHTa 00pabOoTKy IMpernapaToB
MPOBOJMIN B COOTBETCTBUU C OOIICTIPUHSITHIMHU

MPUHIUIIAMH KOJIMYECTBEHHBIX METOI0B
UCCIIEIOBaHUS THCTOJIOTHYECKUX 00BEKTOB.
[Tomyuennsie TaHHBIE, 00paboTaHbI B
CTaTUCTHYECKOH  mporpamme st oOpabOTKU
MeIHNKO-Onojiorudyecknx AaHHbix SPSS 16.0, a

Take B mpuiokerann Microsoft Office Excel 2008.
IIpn cpaBHeHMM HNaHHBIX NPUMEHSUICS KPUTEPHH
CThIofieHTa JUIS HE CBSA3aHHBIX BHIOOPOK.
Pesynbrarel ucciaenoBanusa. K KoHIy mnepBoit
HeNlemd  DKCIepHMEHTa B30HE  OTHECTPEJIHHOTO
nepesoMa B epruocTe HabmogaeTcs runeprpodus u
MOTEPsI YETKOH CTPYKTYphl HAAKOCTHHILIBL, YTO OoJiee
BBIPAYKEHO HECKOJIBKO OTCTYIISI OT JIMHUM H3JI0Ma, B
CBSI3M C 9TUM Y4YacTOK MEPHOCTANPOIUPEPHPYIOIIUX
KJICTOYHBIX 3JEMEHTOB HMEET XapaKTEpPHBIH BHUI
KaIUICBUJHOTO «HAIUIBIBA», KOTOpas HalpaBieHa
YTOJIEHHOW YaCThIO K JINHUU MOBpexAeHU. Tam xke,
Cpelr KIJIETOYHBIX 3JEMEHTOB KOTOpBIE 00pa3yloT
TSDKETIOIOOHBIE CTPYKTYPHI HEMPaBUIIBHOW (HOpPMBI,
BUJIHBI Y3KW€ TIOJS OKCU(PHIBHO OKpalluBaromeiics
OCTeOHIHOHM TKaHW. B 1eHTpanbHOM yacTu aedexTa
JIe)KaT KOCTHBIE TPaOeKyIbl, pa3oOIeHHbIE THKaMu
HEKHOI BOJIOKHUCTOM COeTMHUTEIbHON TKaHU. 31eCh
MOYKHO 00OHAPYKUTD MacCHBHBIC MOJIs
PO ePUPYIOIINX COEIMHUTEJIbHOTKaHHBIX
3NIEMEHTOB 0€3 YeTKHX I'paHul. B MeXOTIOMKOBOH
30HE pereHepara NpeodIagaroT 3JIEMEHTBI KIIETOK
¢ubpobmactuueckoro  thma -  GuOpoOIACTHI
(35,42£2,46%) wu  ¢ubporuter  (9,45+1,24%).
Bonpmioe  copepskaHne  OTHOCHUTEIBHBIX — JOJIEH
ocreoOacToB (24,53+1,12%), 1 HaTUYKE OCTEOIUTOB
(3,1540,41%), OCTEOKJIACTOB (0,7340,01%)
CBHUIICTEJILCTBYIOT 00 WHTEHCHBHOCTH IIPOLIECCOB
KOCcTeoOpa3oBaHUs, a  BBICOKOE  COJAEpXKaHHUE
SHIOTEJINOIIUTOB COCYJIOB (21,56£2,52%),
CBHIIETEJILCTBYETO MHTEHCHBHOM Backynorenese. K
MOBEPXHOCTH KOMITAKTHOT'O BEHIECTBA KOCTH TIO
JUHUM ~ TIOBPEXKACHHUA  NPWICKHUT  PA3IMIHON
TOJILLIHEI 30Ha HEKPOTH3UPOBaHHON
OeccTpykTypHO#H TkaHH.CO CTOPOHBI KOCTHBIX KpaeB
nedekra  (GOPMHUPYIOTCS  KOPOTKHE — TPaOEeKYIbI
peTUKynopuOpPO3HON KOCTHOM TKaHH, OepylIue cBoe
Hayajlo OT IUIACTUHYATOW KOCTHOW TKaHU C
COXpaHUBIINMHU ’KM3HECIIOCOOHOCTE OCTEOr€HHBIMU

KJIETKaMHi, 00pacTasi yd4acTKd C 3aIlyCTCBIIUMH
Metoasl wucciaenoBanusi: Mopdonornueckoe JTAKyHAMH.
HCCIIEIOBAHUE TIPOBOIUIIH Yepe3 Kaxple 7 CYTOK B K 14-M CyTKaMB3OHE MeperoMa OTMedaeTcs
TCICHUC 2-x MECAIICB OOIIENPUHATEIME  yyreHcHBHAs NEPUOCTAIbHAS OCTCOILIACTHYCCKAS
THCTOJIOTHYECKUMH METOJaMH. B KOCTHOM TKaHH  peayriyg, [lepHocTanbHbIe
OHPCACIAIACH  KOJIMHYCCTBO COCYI[OBE OCTCOHOB,  gamacToBaHMS,PACIIOIATAIOIIHECS HECKOJIBKO
KOCTHBIX KJIETOK (Ha Iwomaau | MMm~), IUIOIIaab orcTynst  or  1eeKTOB  KOCTH,  3QHAMAIOT
2

KaHaJIOB OCTEOHOB (B MKM®). Bce aTambl 00pabOTKH  syauurenshbie TEPPUTOPHH, CJIMBAACH c
HPCIapaTtos  MPOBOAWIM B COOTBETCTBHM € syjocranbHON KOCTHOM MO30JIbI0. BO Beex ciydasx
HPUHIHTIIAMHA KOJTHICCTBCHHBIX METOMOB  grmeuaercs MHTEHCHBHOE dopmupoBanue
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peTukynopudpo3HON KOCTHON TKaHH, KIECTOUYHBIMH
WCTOYHUKAMH KOTOpPOHM CIy’)KaT KamOuaibHbBIE
KOCTHBIE  DJICMEHTBI. AKTHBHBIE  0CTE00JaCTHI
MPOYLUPYIOT KOMIIOHEHTHI KOCTHOT'O MaTPHUKCa KaKk
CO CTOPOHBI MEPHOCTa, TaKk U dHAocTa. OcoOeHHO
BBIPAKEHO MIPOUCXOIUT WHTepMeINapHbIN
OCTEOTEHE3, YTO MPUBOJIUT K 3aIIOJIHEHUIO Jle()eKTa B
3TOW OONMACTH CETKOW W3 IOHBIX  KOCTHBIX
cTpykTyp.Ha sTOM cpoke ombiTa cpemm KIETOK
MEXOTJIOMKOBOM 4YacTH pereHepara COXpPaHAETCS

BBICOKOE coJlepIKaHue JJICMEHTOB
¢ubpobmacTuaeckoro  psima  —  GuOpoOIACTHI
COCTaBJISIOT 20,10+2,12%, a (buOpOIUTEI

17,10£1,21% ot oOmiero yucna knerok. Hapsay c
ATUM OTMEUaeTCs 3HauuTenbHoe, B 1,9 m 2,5 pasza
COOTBETCTBEHHO, YBEJIHYEHHE 10U OCTEOLUTOB U
OCTEOKJIaCTOB MpPH TMPAKTUYECKH HEU3MEHEHHOM
MIPOLICHTHOM COJeP>KaHUH 0CTE00IacTOB, HEKOTOPOE
CHIDKeHWe Jfonu sHportenuomutoB (77,5% ot
3HaueHusl mpeaplaynero cpoka). Hecmorps Ha
BO3pacTaHWe uuciaa cocynoB Ha 24,6% 1o
CPaBHEHHIO C MPEIBIAYIIUM CPOKOM HaOJIOJCHHS,
MIPOCBETHI COCYZIOB JIEMOHCTPUPYIOT
KOHCTPUKTOPHYIO peakiuio (cyxatorcs Ha 12,3%),
YTO IPHUBOAUT K CHIDKEHHMIO IUIOILAAU CEYEeHHUs
KpoBeHOocHoro  pycma Ha  4,5%. Iloacuer
OTHOCHUTEIBHBIX IUIONIAJell TKaHeW pereHepara
MoKasaja, 4YTO TMpU  TMOYTH  HEU3MEHEHHOMU
OTHOCUTENBHON miomanu cocynoB (91,5% or
MOKa3aTes MIPEIBITYLIET0 CpoKa), JOJIst
COCTMHUTETLHON TKaHu CHIbKaeTcs Ha 14,7%, npu
BO3PAaCTaHUM OTHOCUTEIBHOM IUIOLIagyd KOCTHOU
TKaHH B 2,2 pa3a.B KOCTHOM Kkpae 30HBI IeperoMa
MOSBIISIIOTCS MTPU3HAKU PE30POTHBHBIX N3MCHEHH B
BUAE HEKOTOPOH W3bEICHHOCTH KOCTHOTO Kpas.
KommakTHast kocTHast TKaHb quadu3a B COCTOSHHUU
aKTUBHOW nepecTporiku. OTMeuaeTcsi CHIKEHUE Ha
19,6% uncna ocTeoHOB. BBIABNAIOTCS pacIvipeHHbIe
KaHanel ocTteoHOB (Ha 14,7% mo cpaBHEHHUIO ¢
MPEIbIAYIIAM CPOKOM), 3aloJHEHHbIE (UOpo3HON
TKaHbIO C TIOBBIIIEHHBIM COJIEpP’)KAaHUEM KIETOK U
coJiep>Kalliieé TOHKOCTEHHBIE KPOBEHOCHBIE COCYIIBI,
KOJMYECTBO KOTOpBIX coctaBiuser 77,0%  oT
MOKa3aTeNs MPeabIIyIero cpoka. B aTux xaHamax
BUAHbI  aKTHBHU3WPOBAaHHBIE  OCTEOOIaCTHUECKHE
KJIETKH DHIOCTA, WMEIOIIUE KPYIHbBIE pPa3Mepsl,
OKpyTIIbie 0a3opmibHBIE spa. Yucmo octeo0acToB

YBEITMYUBACTCS Ha 36,7%. Bcerpeuatorcs
OCTEOKJIACTBI,  KOJHMYECTBO  KOTOPBIX  TaKke
BozpactaeT — Ha 36,4%. Hapsagy c 3TuM

OTIPEIICIISIOTCS AaBACKYJISIPHBIE U AIlIUTAPHBIC YIACTKH
KOCTU. OTO MPUBOAUT K CHIDKCHHUIO YHCICHHOU
IJIOTHOCTU OCTEOLUTOB Ha 24,1% 1o cpaBHEHUIO C
MpenbIIyliuM CcpokoM HaOmroneHus. CHIDKeHHe
BaCKYJIIPU3AINHA TIPUBOIUT K MEPECTPOIKE KOCTH H
Pa3BUTUIO  SIBICHUM  NOPO3HOCTH, O  YEM
CBUJICTEBCTBYET PaCIIMPEHUE KaHAJIOB OCTCOHOB.

Ha  21-28-¢  cyTtkumpereHepar B  30HE
OTHECTPEIHHOTO MEepesioMa TMPEACTaBICH TUIOTHOM
(uOpO3HOI TKaHBIO, B KOTOPOW BU3YAIM3UPYIOTCS
BHOBb 0Opa3oBaHHBIE U  IEPECTPAUBAIOIIUCCS
KOCTHEIE OaouKu dhopmupyromeics
MEPUOCTANIBHBI  KOCTHOM  Mo3omu.  KocTHeie
Oanmouku HEOJIMHAKOBOTO pasmMepa "
pasznugHoOWopueHTanu.  MopdomeTrpudeckn B
KOCTHOM pereHepare K 28-M CyTKaM OMpeienseTcs
CHW)KCHUC OTHOCHUTEIHHOTO CoJIepIKaHUS
¢uOpo0IacTOB U 0CTE00IACTOB, COCTABIISIONIUX
85,6%, u 64,1% CcOOTBETCTBEHHO OT IIOKa3aTeneit

npeabiaymero  cpoka.  Copep:kaHue — 3pelnbIX
¢ubponmToB Bo3pactaer Ha 13,8%, a OCTCOIUTOB U
octeoximactoB — B 1,9 m 2,9 paza.Uucinennas

IUIOTHOCTh COCYJOB, pPa3Mepbl HMX IIPOCBETOB U
IUIOIIA/lb CEYEHHS COCYAMCTOr0 pyciia HUMEIOT
HEKOTOPYIO TEHACHIHUIO K CHIKCHUIO 110 CPABHEHHIO
¢ mpenslaymuM cpokoM. Ilogcuer oTHOCHTENBHBIX
TUIoIIaiel KOMIIOHEHTOB pereHepara IOKazal
yBenuyeHne B 1,9 pa3za OTHOCUTENBHOH IIIOIIaU
KOCTHOM TKaHU npu CHMKEHUHU
COEJIMHUTEIbHOTKAHHOTO u COCYAMCTOTO
koMmIoHeToB Ha 25,8% u 8,5% coorBercTBeHHO0.B
3TOM CpPOKE OTMEYaercs yCHUICHUENPHU3HAKOB
pe3opOuun koctHoro kpas aedexra. Kommnaxkrhoe
KOCTHO€ BELIECTBO TMpHJIErampmee K IOJIOCTH
neeKkTa aBacKyJsIpHO, €ro Kpas aluTapHEI,
3a3yOpenpl. KommakTHoe BemecTBO KOCTH B
SH/IOCTAJILHOW 30HE COXpaHSeT IUIaCTHHYATYIO
CTPYKTYPY KOCTHOTO BEIIIECTBA HA BCEM MTPOTSKEHUH
¢parmenToB. Ilo mepuocranbHONW WM 3HIOCTANBHON
MOBEPXHOCTH  (parMeHTBl TECHO CHAasHbl ¢
MEJIKOIIETIIUTON CETBIO HOBOOOpa30BaHHBIX
KOCTHBIX Oanouek, IpUYeM M OTHENbHBIX MECTax
BUJHA CBfA3b TaBEPCOBBIX KAaHAIOB KOMIIAKTHOI'O
BEIIECTBA C MEKOANOYHBIMH  MPOCTPAHCTBAMH
HOBOOOpa30BaHHON OCTCOUIHOM M KOCTHOM TKaHEH.
LlenTpanbHble KaHajdbl OCTEOHOB KOMIIAKTHOI'O
BEIIEeCTBA, B OCHOBHOM, pe30pOTUBHO
MepecTpauBaoIIerocss THMA, WX  KOJUYECTBO
Bo3pactaer Ha 24,1%, comepxar  OombIoe
KOJINYECTBO KJIETOYHBIX 3JIEMEHTOB u
pacIIpEHHBIX, 3allOJHEHHBIX KPOBBIO COCYJIOB.
YpcaeHHas IUIOTHOCTH mociegunx Ha 35,0%
MPEBBIIIACT MMOKa3aTelb Npensiayiero cpoka. [lpu
3TOM  OTMeYaeTcsl JajbHeilee  paclnpeHue
[EHTPAJIbHBIX KAHAIIOB OCTEOHOB, TUIOA/Ih KOTOPBIX
paBHa 974,10+23.,40 MKM?,KOTOpbIE
XapaKTepU3yIOTCs HETPaBUILHON ¢dbopmoi.
YucneHnHast INIOTHOCTh OCTEOLMTOB H OCTEOKIACTOB
B 3TOT CpOK HaOmrozeHus: Bo3pactaeT Ha 10,6% mu
10,0%  COOTBETCTBEHHO, TpHU TCHACHIHH K
CHIDKEHHIO COJCP)KaHUs OCTE00IaCTOB.

K 35-42-m CyTKaM HaOJIIOICHUSIB
MEXKOTJIOMKOBOH 30HEe OOHapyXHBaeTcsl ryouaras
KOCTHasl TKaHb W3 Pa3IMYHON TOJIIMHBI KOCTHBIX
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0aJI0deK, KOTOPOE MMEET TUIACTUHYIATOC U MECTaMHU
rpyOOIy4KOBOE€ CTpOoeHHE. B 30He TmepuocTta
BU3YQIM3UPYIOTCSI MAaCCHUBHBIC KOCTHBIC OaJlOuKH,
KOTOPBIC CITUBAsICh 00Pa3yt0T KOMITAKTHOE BEIIECTBO
C OOIMMPHBIMH MEKOATIOUHBIMHU MTPOCTPAHCTBAMU H
ITUPOKUMH TaBEPCOBBIMH KaHAJIaMH TICPBUYHBIX
OCTEOHOB. PacmpocTpaHsisick B MEXKOTIOMKOBYIO
30Hy, HeOONbIINEe YYacTKH HOBOOOPAa30BAHHOTO
KOPTHUKAITHLHOTO cIost COEJUHSIOT KOHIIBI
(parMeHTOB.MUKPOCKONIMYECKH HAJAKOCTHHUIA 0e3
YETKOTO pasrpaHu4CHHUS CJIOEB, puUYeM
TTOBEPXHOCTh KOPTHUKAJILHOTO CJIOS HEPOBHAs, C
MHOTOYMCJICHHBIMUA PE30POLIMOHHBIMY JTaKyHAMU |
Y3KUMH YYaCTKaMH OTJIOKEHUS TI'pyOONyYKOBOW M
MJIACTUHYATOM KOCTH. Ha MOBEpPXHOCTH KOCTHBIX
Oajouek OOINBIIEH  YaCThIO MOXKHO  BUJIETH
0ocTe00JacThl, MeCTaMU OCTCOKJIAcThl.  Mexay
KOCTHBIMH OaJloOuKaMH BHU3YyaJH3UPYETCAPBIXIIAs C
YMEPEHHBIM KOJMYECTBOM KIIETOYHBIX 3JIEMEHTOB
¢ubpopeTukynspHas TkaHb.B  KOCTHOMO3roBOM
KaHaje  ry0uaras  KOCTHas  TKaHb  HUMEET
IIUPOKOTETINCTBI XapakTep, KOCTHBIE OalouKu
HMCTOHYCHHBIC, B MEKOAIOUHBIX MPOCTPAHCTBAX —
KJIETOYHO-XKUPOBOI KOCTHBII MO3I.
OcTteobmacTeIMeCTaMHOOpPa3yIOT ~ HEPaBHOMEPHEIE
CKOIUIEHUS Ha TIOBEPXHOCTH KOCTHBIX Oaiodvex.
Kietounslif cocTaB KOCTHOTO pereHepara Ha 3TOM
CPOKE HaOJIFOICHUS IEMOHCTPUPYET CHUXKEHUE JOJTH
¢ubpodbnacro (14,56+2,40%) mnpu HeKOoTOpOM
YBEIIMYCHUU YUCICHHOCTH (GuOpouuToB. B cocrtase
pereHepara yBEIMUYMBACTCS KOJIUYECTBO KIETOK
ocTeobrIacTUIecKoro psjga ocreodmactoB Ha 5,4%, a
ocTeonuToB — B 1,8 pa3a MmO CpaBHEHUIO C
MPEIBIIYIIAM CPOKOM. DTH U3MEHEHHS IPOUCXOJIAT
Ha ¢done ponuQepaun OCTEOKJIACTOB
OTHOCHTEIHHOE CO/Iep)KaHNe KOTOPHIX BO3pPAcTaeT B
1,5 pa3a u cBUIETENBCTBYET 00 aKTUBHBIX MpoOIIeccax
[IEPECTPOMKM  KOCTHOM  TKAaHM  peEreHepara.
KonuyecTBo 3H10TENMONUTOB CHUKaeTcs B 1,9 pasa.
I[Ipu »o>TOM uYwMcIeHHas TIUIOTHOCTH COCYIOB U
IJIOMIAIh CEYCHHSI KPOBEHOCHOTO PYyCIia CHIKAIOTCS
Ha 17,9% 1 13,2% coOTBETCTBEHHO IO CPABHEHHUIO C
MpenbIIymuM cpokoM. OTHOCUTENBHAS ITUIOIAIh
KOCTHOH TKaHM pereHepara cocTaBisieT Ha 42-e
cyTku HaOmromeHuss 62,142,5% wu Ha 27,8%
MPEBBIIIAeT MOKa3aTellb MPEABIAYIIET0 CPOKa, A0S
COCAUHUTEIILHOM TKaHW CcHIokaeTcs Ha 28,8%, a
OTHOCHTEIbHAST JOJS COCYAUCTBIX OOpa3oBaHMIA
coctraBiasieT 9,2+0,4 M HECKONBKO CHIDKACTCS IIO
CpPaBHEHUIO C MPEABITYIIUM cpokoM. Cama KOCTHas
CTeHKa JeekTa IpruoOpeTacT POBHBIN XapaKTep, 4To
CBSI3aHO C aKTUBHBIM HOBOOOPa30BaHHUEM OCTEOH 1A B
BHJE  TOMOTCHHBIX  J03WHO(WIBHBIX  Macc,
3aMOJHSIONINX YYACTKH PEe30pOIuy MaTePUHCKOU
KOCTH, OT KOTOPOW OCTEOHJ OTICICH HEPE3KO
BEIP2KCHHBIMHU JIMHUSIMU CKiienBaHus. lIporecchb
HOBOOOpa30BaHUS KOCTHOT'O BeEIlleCTBa

HaOJIIOMAIOTCA U B NMPWIEKAIINX K CTeHKe nedexra
KOCTHBIX CTPYKTypax, KaK CO CTOpPOHBI CTCHOK
KOCTHOMO3TOBBIX IPOCTPAHCTB, TaK U KaHAJOB
OCTEOHOB. B pesynpraTe 4ero Mo>XHO TOBOPUTH O
KOMITaKTHU3allu1 KOCTH. 06 9TOM xKe
CBUJIETENILCTBYET Bo3pacTaHue Ha 9,5% uncineHHON
IUIOTHOCTH OCTEOHOB, CHIDKeHHE Ha 21,5% momaan
UX LEeHTpalpHbIX KaHanoB. O HopMmamu3aluu
CTPYKTYpbl ~KOCTHOW TKaHW CBHIETEIbCTBYET
Bo3pacTaHue Ha 22,6% 1O CpaBHEHHIO C
MPEJIBITYIIIUM CPOKOM YHCIIa OCTEOLIUTOB, CHIKEHHUE
Ha 19,5% wu 18,0% COOTBETCTBEHHO 4YHCIIA
0cTeo0J1acToOB U ocTeokacToB. [Ipouecc 3amenienus
YYacTKOB papeHKanuyd KOCTH HOBOOOpPA30BaHHOW
KOCTHOH cyOCTaHIWEW B MaHHBIA CPOK IPOTEKaeT
AKTUBHO M CO3JaeT OOyl KapTHHY CTPYKTYpHOH
KOMIIEHCAIlMM KOCTHOHM TkaHu. [IpeBanupyrommmu
CTaHOBSITCA MPOAYKTUBHBIE MIPOLIECCHI c
muddepeHnranueit HOBOOOPa30BaHHBIX CTPYKTYP,
X CO3PEBaHMEM M TIOCTETIEHHBIM BO3BpalllEHUEM
XapaKTePUCTUK TKAHEBBIX KOMIIOHEHTOB KOCTHOM
TKaHH K HOpMe. TeM He MeHee, B KOCTHOW TKaHU
COXpaHsIeTCs 3HAYUTEIBHOE YHCIIO PACHIMPEHHBIX
KaHaJIOB OCTEOHOB, MPUAAOIUX €l B OTAETHHBIX
ydacTKax BHJI I'y0O4aToil KOCTHOM TKaHHU.
Oo6cy:xaenue. Ha koHedHOM dTare HaOMIOACHUS
MUKPOCKOITUYECKH OTIpE/IETISAIOTCS yxKe
chopMHUpOBaHHBIE TPaOEKylbl B IEHTPaJIbHBIX
ornenax JAedexra, KOTOpbIE CIMBAIOTCA MEXKAY
co00it u kpasmu Jie)eKkTa, OTMEYACTCA HapacTaHUEe
mpoleccoB MuHepanuzauuu. Crenyer OTMETHTH
(hopMUpOBaHUE TUMMYHOW TUIACTHHYATOW KOCTHOM
TKaHU C UWHTEHCUBHOM MEpPEeCTPOMKON KOCTHOM
TKaHW, a TaKXe BOCCTAHOBJIEHHE TPOIIECCOB
OpPraHOTUIMYECKOM TUCTOAPXUTEKTOHUKH c
(dbopMHpOBaHMEM KOCTHM Ty04aTOro CTPOEHHS U
yBEJIMYEHHE JOJIM KOCTHOM TKaHM B pereHepare.
OnpenensitoTcs ¥ HaJlIW4YMe  IOHBIX  KOCTHBIX
CTPYKTYpP, KOTOpBIE UMEIOT HEOANHAKOBBIE pa3Mephl
U pa3nnyHylo opueHTanmoo. [IpoGomatomme ux
KOCTHBIC KaHallbl MMEIOT HEMpPaBWIBHYIO (opMmy,
pacumpensl. B Helr  comepxutcs, Ooraras
KJIETOUYHBIMH 3JIEMEHTAMU COCAWHHUTEIbHASTKAHb,
MecTaMd  MHQUIBTPUPOBaHHAS  JICUKOIMTaMH.
Hapy>kHast TOBEepXHOCTb KOCTHBIX 0aJIOUeK MOKPhITa
HacioeHusIMH ocTeonga.HagkocTHHIa  yKe 4YETKO
muddepeHnupoBana ¢ HapyxkHbIM  (GuOpo3HO-
KJIETOYHBIM M BHYTPEHHUM KIIETOYHBIM clioeM. [lo

Hapy>XHOH HIEpPOXOBATOMN MTOBEPXHOCTH
KOPTUKAILHOTO ClIos  (DOPMHUPYIOTCS  HapyKHBIC
reHepayibHble IJIacTUHKHA. KieTowHslii cocTas
pereHepara B 3TOT  CpPOK  IpEJCTaBJICH

MPEUMYILIECTBEHHO OCTEOLUTAMU, OTHOCHUTEIBHOE
coaepxaHue Kotopblx coctaBiser 32,3+1,9%, nHa
JIOCTAaTOYHO  BBICOKOM  YPOBHE  COXPaHSETCS
OTHOCHUTEJILHOE collep KaHme ¢ubpoLHTOB,
OTHOCUTEIIFHOE COJIEP’KaHUE KOTOPBIX COCTaBIIACT
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20,542,2% oT 00111er0 YKciia KICTOYHBIX DJICMEHTOB.
Ha BBICOKOM ypOBHE OCTaeTCsi OTHOCUTEIbHAS JOIs
octeoknactoB (6,53+0,21%), 9TO0 CBUAETENBECTBYET
00 WX COBMECTHOM C OCTE€O0JaCTaMH YYacTHH B
pPEreHEPAIMOHHOM JHJIOCCATILHOM OCTEOTCHE3e U
peMoJIeNUpPOBaHUN KOCTHOTO perenepara.
CoxpaHeHHe YHCIEHHOH IUIOTHOCTH COCYAOB Ha
YPOBHE TPEABIAYIIETO CpPOKa W TEHICHIHUA K
CY)KEHUIO HMX IPOCBETOB IPHUBOJAT K CHUXCHHIO
IJIOMIAN CEYeHHS KPOBEHOCHOTO pycia Ha 14,4%,
4TO BUJIUMO, SIBJIICTCS (busHoNornYecKu
00yCIIOBJIGHHBIM TIPOIIECCOM, ITOCKOJIBKY HE BIHSCT
Ha WHTEHCHBHOCTH TMIPOIECCOB MEPECTPONKH U
KaIbIIU(UKAITIN KOCTHOHM TKAaHU. DTO MOATBEPIKIAET
M TIOJCYET OTHOCUTEIBHBIX IUIOMIAJCH TKaHEeH
pereHepara, B OCHOBHOM IPE/ICTABICHHOM KOCTHBIM
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