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Pestome. JleyeHne paHeHbix ¢ OTHECTPESbHBIMU NEPENOMaMU THHbIX
KOCTE# KOHEYHOCTE — BXKHEILLAS 331242 BOBHHOM TPaBMATomoriv 1 opToneaui. B
YCNIOBYSIX BOOPYXKEHHbIX KOHADIAKTOB MOCIEAHYX IECSTUIIETUA MPOUCXOMMT NOCTOSH-
HOE U3MEHEHVE XapaKTepa BEAEHINA 60EBbIX AEACTBIN 11 YBENUYEHUE NOPKAIOLLETO
BO3[ECTBIS COBPEMEHHbIX OTHECTPESIbHbIX CHAPS/0B 1 GOENPUNACcOB, NOITOMY
NeYeHVe AAHHOIA KAaTeropun NaLeHToB TDEOYET NOCTOSHHOIO COBEPLUEHCTBOBAHNS.
TPpaMLMOHHO 0Ka3aHVe MEANLMHCKOM NOMOLLY PAHEHbIM C NEPENOMaMIA ZTHHbIX
KOCTEl KOHEYHOCTEN 3aK/to4anoch B CBOEBPEMEHHOM BbIMOMHEHMI NEPBUYHON
XUPYPIU4ECKoi 06paboTKiM 1 NPOBEEHIM NEYEBHO-TPAHCMIOPTHOM UMMOBU3ALIAN,
KOTOPast NPEANOHTATENBHO JOIPKHA BbINOMHATLCS Ny TEM NPOBEAEHNS BHEO4Ar0BOrO
OCTEOCMHTE32 NP MOMOLLY CTEPXHEBBIX annapaTos BHeLWHeR dmkcauum (ABD).
OnHaKo, CyLLECTBYIOLLME BapiaHTbl 1 Moavdmkaum AB® 06naaaioT pasHbimMu
O1OMEXAHWHECKMMU 11 3PrOHOMUHECKMIA XapAKTEPUCTUKaMU, KOTOPbIE, HA HaLl
B3I, TPEOYHOT fasibHeliLLIel JopaboTKi G LENbHO YiyHLLEHNS Ka4eCTBa OKa3aHis
MEANLMHCKOI MOMOLLIA PAHEHbIM Ha 3Tanax MeANLMHCKOI 3BaKyaum.

Llenb: Ha 0CHOBaHWIN aHann3a 61IOMEXaH4ECKIX NapaMeTpOB NPON3BECTH
OLIEHKY CTAOUIbHOCTY BHELLUHEN (MKCALMI KOCTHbIX OT/IOMKOB B MOCTPOEHHbIX
MOJIENSIX HAarpyXXeHnst «KocTb-ABD» Npu NCnonb30BaHMN Pa3NIN4HbIX BAPUAHTOB
cTepxHeBbIx ABD Ha npumepe anathn3apHoro 0CKONbYaToro nepenoma 6onbLue-
6epLoBoit kocTv (Tvna G no knaccudukauum AQ).

Matepuanbl 1 METOfibl: MaTepIanom s aHHOr0 UCCIea0BaHNs nocny-
una 3D nevatHas Moaenb 60nbLUebepLI0BOIl KOCTH, NOCTPOEHHAR Ha 0cHoBe KT
B nporpamme Mimics. Mogesb y4uTbiBana ry64aryto u KopTukasbHyto KOCTHbIE
TKaHW. 3aTeM B CUCTEME aBTOMATW3MPOBAHHOrO npoekTupoBaHns SolidWorks
ObINM NOCTPOEHbI MOAENM ANNAapaToB BHELLHEN (hMKCALM, KOTOpbIE 3aTeM CO-
BMELLANNCh C MOLESbI KocTW. [lanee hopMMpoBanit OCKONbYaThIA NEpenom
anacpusa koctu, Tuna G no knaccudukaumn AQ. Moagnuposane HarpyxeHus
CUCTEMbI KOCTb-AB®D OCYLLECTBASNN B CUCTEME KOHEYHO-3MIEMEHTHOIO aHanu3a
Ansys. Kon4ecTBeHHbI pacyeT GMOMEXaHNHECKIX XapaKTEPUCTUK BHEO4Ar0BOi
(hmkcaunm oCyLLECTBNANN METOAO0M KOHEYHbIX anemeHToB (K3).

Pe3ynbrarb! v BbIBOZbI: HA OCHOBaH! NPOBEAEHHOT0 aHaN3a G1OMEXaHNHECKIAX
XapaKTepUCTUK ObI0 BbISIBIIEHO, YTO HAUBOMLLIMMY MOKA3ATENSIMU CTABUBHOCTY NN
(hrKcaLM OCKOMbYaToro nepesioma obnanaet cepkHesoi ABD, coeavHITENbHbIE
Y3761 KOTOPO0 OblfA BBINONHEHBI 13 TUTAHOBOIO CMiaBa. B T0 e Bpems annaparbl,
COBAMHUTESTbHbBIE Y37Tbl KOTOPBIX 61N BbIMOMHEHbI U3 APYIUX MATEpUAroB, AEMOH-
CTPUPOBNV [IOCTATONHYIO CTEMNEHb (OMKCALIMM MDY ATATENBHbIX LMKIAX HArPYMKEHs, He
WCTIbITbIBAA MU 3TOM YCTANIOCTHBIX HAPYLLIEHIIA KK B KOCTHOM TKAHM, TaK 1 B 3NIEMEHTaX
annapara, 4To NoATBEMKIAET BOSMOXKHOCTb MCTI0fb30BAHINA PA3NIYHBIX MOAVIKALMIA
CTEpKHeBbIX ABD Mpy NEHEHIM OCKOMbHaTbIX, B TOM YICIIE OTHECTDENBHbIX, NEPENOMOB
J1acpr308 [IMHHBIX TPYGHATLIX KOCTEN B KIMHWHECKOM NPaKTUKE.

KnioyeBble CNOBA: BHEOYAroBbIA OCTEOCUHTES, annaparbl BHeLl-
Hel coukcaumn, 6UOMEXaHNKa, OTHECTPENbHbIE NEPesIOMbl, KOHEYHbIe
9JIEMEHTbI.
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Abstract. Today, the treatment of wounded with gunshot fractures of long bones of the
extremities is the most important task of military traumatology and orthopedics. In the context
of armed conflicts of recent decades, the nature of military operations is constantly changing
and the damaging effects of modern firearms and ammunition are increasing, which is why the
treatment of this category of patients requires constant improvement. Traditionally, medical
care for the wounded with fractures of long bones of the extremities consisted of timely primary
surgical treatment and therapeutic and transport immobilization, which should preferably be
performed by extrafocal osteosynthesis using rod external fixation devices (EFD). However,
the existing versions and modifications of EFD have different biomechanical and ergonomic
characteristics, which, in our opinion, require further revision in order to improve the quality
of medical care for the wounded at the stages of medical evacuation.

Objective: based on the analysis of biomechanical parameters, assess the stability
of external fixation of bone fragments in the constructed loading models “bone — EFD” using
various versions of rod EFD using the example of a diaphyseal comminuted fracture of the
tibia (type C according to the AQ classification).

Materials and methods: the material for this study was a 3D printed model of the tibia,
built on the basis of CT in the Mimics program. The model took into account spongy and
cortical bone tissue. Then, in the SolidWorks automated design system, models of external
fixation devices were built, which were then combined with the bone model. Next, a com-
minuted fracture of the bone diaphysis was formed, type C according to the AQ classification.
Modeling of the bone — external fixation device system loading was carried out in the Ansys
finite element analysis system. Quantitative calculation of the biomechanical characteristics
of external fixation was carried out using the finite element method (FE).

Results and conclusions: based on the analysis of the biomechanical characteristics,
it was revealed that the highest stability indicators for fixing a comminuted fracture are found
inthe rod external fixation device, the connecting nodes of which were made of titanium alloy.
At the same time, the devices, the connecting units of which were made of other materials,
demonstrated a sufficient degree of fixation during long loading cycles, without experienc-
ing fatigue damage either in bone tissue or in the elements of the device, which confirms
the possibility of using various modifications of rod EFDs in the treatment of comminuted,
including gunshot, fractures of the diaphysis of long tubular bones in clinical practice.

Keywords: extrafocal osteosynthesis, external fixation devices, biomech-
anics, gunshot fractures, finite elements.

OCJIO)KHEHUU U TAKTHUKY JI€ICHU . Cpe;:m HUX MOXHO BbIJIC-
JIUTDH CJIOKHYIO KOH(lDI/II‘ypaLU/IIO PaHEBOTO KaHaJla, HEpAaBHO-
MEPHYIO ITPOTA’)KEHHOCTh OMEPTBEBIINX U HEKPOTU3UPYIO-
IMXCA TKaHeW, TIEPBUIHYIO MI/IKPO6HYIO KOHTaAaMHMWHAIIUIO, a
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TaK)Ke 4acToe COYeTaHHe JAHHBIX PAHEHHII C IepesoMaMu
KOCTeIl U TpaBMaMH HEMPOBACKY/SIPHBIX CTPYKTYyp [1].
Oco6eHHOCTH paHeBO 6a/UTMCTUKY IIPU BO3ACICTBUHU OTHE-
CTPe/IbHBIX CHAPSIIOB U O0EIIPUITACOB IPUBOIAT K BOSHUKHO-
BEHHIO OOIINPHBIX KOMIUIEKCHBIX (MATKOTKAHBIX ¥ KOCTHBIX)
nedeKTOB, KOTOPbIE IO CBOMM IaTOMOP(OTOTHIECKUM

CBOIICTBAM XapaKTEPU3YIOTCS SHAYUTETbHBIM TOBPEXICHIEM

KOCTHOMO3TOBOJ ITOTIOCTH ¥ COGCTBEHHBIX IUTAIOIINX ap-

TepHit, 06yC/IaBINUBast TeM CaMbIM I'MIIOKCHIO OKPY)KAIOIIIHX

TKaHel1, YTO 3aMe/IsIeT peliapaTUBHBIE [TPOLIECCHI U 3a4aCTYIO

SIBJISIETCSI ITYCKOBBIM MEXaHH3MOM PasBUTHSI OTHECTPENIBHOTO

octeomuenurta [2]. [loronHuTeIbHbIE CTOYKHOCTH B JIEIeHUN

OTHECTPEIbHBIX IIePeIOMOB BHOCUT HaJU4YUe B PAaHEBOM

KaHaJjIe pasHOO6Pas3HOI! IT0 CBOEMY COCTABY U PE3UCTEHTHOM

K BO3IENCTBUIO aHTHOMOTHKOB MHUKPOGIOPHI, KOTOpas BO

MHOTOM U 06ycnaBiuBaeT Hed(PdeKTHBHOCTD KIACCUIECKUX

MeTOIOB JledeHus [3].

Vicxonst ©3 maHHBIX (AKTOB, BHIIIOTHEHHE [TePBUYHBIX
PEKOHCTPYKTHUBHO-BOCCTAaHOBUTE/IBHBIX Ollepanuii (0cTeo-
CHHTE3, 9HIOIPOTe3UPOBAaHIEe U [IP.) IPH OTHECTPEIbHBIX
HepesoMax BO3MOKHO TOIBKO ITOC/Ie CTAGMIM3aLI N 061Iero
COCTOSTHMS ITAIIMEHTa U COOIIIOEHNUS CTPOTHX PeKOMEeHAAINN
II0 [TepexXoy Ha BHYTPeHHI0 duKcannio [4]. OgHako gaxe
B C/Ty4ae COO/IIOIeH S JaHHBIX TPeOOBAHMUIL [TPH IIPOBENCHIN
HOTPY>KHOTO OCTEOCHHTE3a COXPAHSIETCSI BBICOKHUIT PUCK BO3-
HUKHOBeHHs HHQEKIIMOHHBIX OCITIOKHEHHUI.

[ToaTomy, IpH OKasaHUU SKCTPEHHON U HEOTIOKHOI
MEIUIIMHCKOJ TOMOIIY Ha 9TallaX METUIIMHCKO 9BaKyalluy
paHeHBbIM C OTHECTPETbHBIMH ITepe/IOMaMH IJIMHHBIX KOCTe
KOHEYHOCTEN! IIPEAIOYTUTE/IFHO B KaueCTBe [IePBOTo JTalla
JIedeHUsI IPOBOAUTH JIe4eOHO-TPAHCIIOPTHYIO UMMOOMIH-
3aI[MI0 KOCTHBIX OTIIOMKOB C Hcroab3oBaHueM AB®, tak
KaK JIaHHBIIT METOJ OCTEOCHHTE3a [03BOIsAeT 9(pHeKTUBHO
BOCCTAHOBHUTB AdHATOMUYECKHE B3aUMOOTHOIIIEHHSI B KOHEY -
HOCTSIX U [IPEIOTBPATUTh Pa3BUTHE TAKUX )KUSHEYTPOXKAIO-
IIMX OCTIOXKHEHUIT KaK XUPOBast 9MOO/IHSL, TPaBMaTUIeCKHI
IIIOK U JIp.

OcHoBHbIe TPeOOBAaHMS K ONITHMA/IbHOF CHCTeMe BHELII-
Hell pUKCAlUY BKIIOYAIOT:

*  IPOCTOTY MCIIONb30BAaHUS ¥ YHUBEPCAIBHOCTD LIS CO-
OTBETCTBUSI Pa3/IMYHBIM aHATOMUYECKUM 0O/IACTSM;

*  CIIOCOGHOCTH BOCCTAHABIMBATH AHATOMHYECKYIO [UIHHY
KOCTH ITyTeM BBIPaBHUBAHUS U [TOT0KeHHE PParMeHTOB
Iepe/ioMa ¢ UCIONb30BAHUEM PasIUIHBIX IPOCTPaH-
CTBeHHbIX KOHPUrypamuit ABD;

*  9MaCTHYHYIO 1ePOPMUPYEMOCTh CHCTEMBI IS 0becrede-
HYSI MUKPOITOIBIDKHOCTH B 30HE [TepeioMa;

*  YCTOMYMBOCTD K BHEIITHUM BO3[EHCTBUSM.

Bo3HUKHOBeHHEe MeXaHHYECKUX KOHCTPYKIUU IJIs
BHEOYaroBoi (pUKCallMK KOCTHBIX OTIOMKOM OepeT cBoOe
Havasto B XIX Beke, korga cHavyasa J. Emsberry (1831), a 3a-
teM J.E. Malgaigne (1843) omy61iKoBaIi pesynbTaThl IPH-
MeHEHHs B KIMHUYECKOI IIPAKTHKE CHCTEM /ISl YIePXKaHUs
KOCTHBIX (DparMeHTOB, 37IeMEHTbI KOTOPBIX PaCIIO/Iaraanuch
BHe 30HBI Iepenoma. B To xe Bpems Wutzer mpemIoxun
BUHTOBOM aIlllapaT «screw apparatus», KoTopblit B 1851 1.

ObUI MOZIEPHU3HPOBAH U C YCIIEXOM IIPUMEHEH B KIMHHU-
yeckoy mpaktuke Von Langenbeck [5]. Mcmonp3oBanue
maHHbIX Moferneit AB® mpexncraBisuio co60il eMUHUIHBIE
HOIIBITKY HCIIO/Ib30BAHUS MIPUCIIOCOOTIEHHBIX YCTPOICTB C
[[eJIbI0 3aMeHbl HEMHBA3UBHBIX CPENCTB UMMOOWIN3AIINH,
KOTOpbIe MMEIU HENOCTATOYHYIO YIIPaBILeMOCTh, HaIeXK-
HOCTh U 9 dexkTuBHOCTD. B mocrenyroomem R. Hoffmann
(1938) mpemIoKiI 1 HaYasI MIUPOKO IIPUMEHSTDH aIlapaT ¢
OPHUTHHAIBHBIM y3/IOM COEIUHEHUS, KOTOPBII 00ecrednBat
KOMIIPECCHIO U TUCTPAKIUIO OTIIOMKOB, d TAK)Ke PACIIUPUIT
PEIO3UIIMOHHbIE BO3SMOKHOCTHU CUCTEMbI BHEOUATOBOM (PHK-
caruu. PaspaboTaHHbII KM YHUBEPCaTbHBIN PUKCAIHOHHBII
3a)XMM OBUT HACTOJIBKO YIOOEH B IPAKTUUECKOI paboTe, 4TO
BCe Ja/IbHETIIIINE MOIEPHU3AIMY ObUTH HATIPABJIEHbI JTUIIIb HA
nsMenenue BHewHux onop (Haynes, Vidal, Adrey). imenHo
6maromapsi paboram repevdrcieHHbIX aBTOpoB AB® Ha cTepk-
HEBOJI OCHOBE ITOTYIH/IN TAKOE IIIHPOKOE PACIpOCTPaHEeHHe
B Mupe [6].

B mamreit e cTpaHe pa3BUTHe YPECKOCTHOM (PUK-
CallMM IIPU XUPYPTrUUECKOM JIeUeHUH IIepeIOMOB Hepas-
pBRIBHO cBsizaHo ¢ uMeHeM [.A. MnusapoBa, KOTOpHIH
SIBJISIETCSI OCHOBaTe/IeM HAay4YHOM IIIKOJIBI BHEOYaroBOTO
OCTEeOCHHTEe3a, MOC/IeN0BATENH KOTOPOI MPOJOIKAIT
COBEPIIEHCTBOBATh JAHHYIO METOAMKY U IO Ceil meHb. B
XX Beke 6bUTH paspabOTaHbl M BHEIPEHDI B KTHHUYECKYIO
npakTuky KoHCTpykuuu AB® A.A. Kopxa, A.H. KocTioka,
C.C. Tkauenxko u aip. [7].

Kpome TOro, 60/IbIII0I TOTIYOK B PA3BUTHUU OKA3aHUS
MEIUIIMHCKOI TOMOIIU PaHEHBIM C OTHECTPETbHBIMU Iepe-
JIOMaMH KOCTeJi KOHEYHOCTE! Iy TeM IIPUMEeHeHHUs HapY KHO
¢buxcanuy gaau Tpynbl BOCHHBIX TPAaBMATOMIOTOB B ITEPUOL
BeneHus1 60eBbIx eitcTBuit CoBeTckoit Apmun B AdraHucTa-
He. YJacTre BOEHHBIX Bpadeil B MEIUIIMHCKOM 06ecriedeHnn
BOOPY>KeHHBIX KOH(MIUKTOB, PA3BUTHE CMEXHBIX CIIEIIHAb-
HOCTeI1, YIy4IlIeHe 9BaKyallHOHHBIX BOSMOXXHOCTEH I10-
Tpe6OBaJIO YCOBEPIIIEHCTBOBAHMS METOIUKH U alllIapaTHOTO
obecriedeHus1, HAPABIEHHOTO Ha ONTHMHU3AIIUIO TEXHUKU
orepanyy, yHU(HUKAIUK OCHAIIIEHHUs, TOBBIIIEHHS €r0 Ha-
néKHOCTH [8].

Ha crabuibHOCTh (DUKCAIMHM KOCTHBIX OTIOMKOB IIPU
MIPOBEIEHNH BHEOYATOBOTO OCTEOCUHTE3a C UCIIONTB30BAHNUEM
AB® Bnusiior 6MOMeXxaHUYECKHe CBOMCTBA MATEPUAIIOB, U3
KOTOPBIX M3TOTOBJICHBI CTEPXKHH, Y37IbI U 6aJIKH ammapara,
TUI 3aTOYKU CTEPXKHS, a TaK)Ke MPOYHOCTH COeUHEHUS
¢buxcupyolIero aseMenTa ¢ BHeILIHeH onopoit. OnTHUMab-
HBIMU Ha CETONHAIIHUI NeHb MPU3HAHBI CIIelHaTbHbIe
MapKH Hep)KaBeIoIleil CTa/Ti, THTAHA U eTo CIaBoB. OnHa-
KO 06/aasi MOCTaTOYHON GUOTOTUIECKOI WHEPTHOCTHIO U
YCTOMYHUBOCTBIO B arpeCCHBHOII Cpelie, TaHHbIe MaTepHaIbl He
00/1a1af0T PYTUMH BaKHBIMHU CBOVICTBAMH, HEOOXOIUMBIMU
s obecriedeHust CTabWIbHOM puKcanuu. B cBsisu ¢ aTum,
B IIOC/IeIHIE TOMIBI AKTUBHO MTPOBOMISTCS UCC/IETOBAHMS, Ha-
[IpaB/IeHHbIE Ha YTydIlleHHe OCTeOMHTEeT DALMY, IPUAAHIS
MarepuasaM aHTHOAK TePUaTHbHOTO U TPOTUBOBOCIIATUTE -
HOrO 3¢ (peKTa I ONTUMHU3AIUN METOIUKN BHEOIArOBOII
duxcaruu [9].
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Tak B uccremoBanuu, npoBeneHnoMm Ha 6aze TBKT
uMm. H.H. Byprenko, mo usydennio 3¢b@eKTHBHOCTH IpH-
MeHeHMs] METOIUKHU IT0CTIeTOBaTEIbHOTO OCTEOCHHTE3A C
HCIIO/b30BaHKeM BHeo4aroBoit pukcaru AB® KCBIT B ka-
YyecTBe IIepBOTo JTAlla ICYCHUs PAHEHBIX C OTHECTPETbHBIMU
repesloMaMH JITTMHHBIX KOCTel KOHETHOCTeI ObIIO BBISIBIEHO,
4TO HanOOsIbIIIee YNCTI0 MHGEKITMOHHBIX OC/IOKHEHUT OBIIO
MOJTy4€HO B IPYIIIIe, I7le UCIOIb30BaIUCh CTEPIKHHU C ITTATKUM
nokpeitueM (41,6%), B TO BpeMs KaK B TPYIIIIe C HUCIIONb-
30BaHHUEM CTEp)KHeH C TMIPOKCHAINIaTUTOBBIM ITOKPBITHEM
YacTOTa JAHHBIX OCIAOXKHEHUH COCTaBUIO Bcero 13,6%. Ha
OCHOBAHMH TIOTYYEHHBIX Pe3yJIbTaTOB aBTOPBI MPUIIUIH K
BBIBOZLy O TOM, 4TO CTE€P)KHU C T'HIPOKCHANIaTUTOBBIM IIO-
KPBITHEM, HMEIOII[e IIOPUCTYIO CTPYKTYPY, MOTYT CIIOCO0-
CTBOBaTh UHTErPALIMU KOCTHO! TKaHU B IaHHOE IIOKPBITHE,
YTO B CBOIO OYepelb MPUBOAUT K YCHIEHHUIO CTAOWIBHOCTH
(ukcaruu cTepyKHsI B KOCTb, IPENOTBPAIIIAET OCTEOTUS U Pac-
LIIaThIBAHUE, YTO SBJISAETCSI OMHUM M3 OCHOBHBIX MEXaHU3MOB
npodUIaKTUKU ocTeomuenuta [10].

0606111251 BCé BBIIIIETIEPEIUCTIEHHOE, MOYKHO PUITH K
BBIBOJLY, 4YTO COBEPIIICHCTBOBAHME CHCTEM IIJI1 BHEOYAarOBOI
(buKcaruy KOCTHBIX OTIOMKOB TpebyeT yCTpaHeHHsI TaKHUX
HeJJOCTaTKOB CYIIeCTBYIOIINX KOHCTPYKIIMM KaK: CJIOOKHOCTD
U [UIUTE/IbHOCTD YCTAaHOBKH, HEOOXONUMOCTb CIIEIHaIbHOM
MOATOTOBKHU IIepPCOHANA, TPYAHOCTU IPU NMPOBEIeHUHU U
WHTEPIPETAIUHU THarHOCTUYECKUX METOIOB 00CIeOBaHUA,
HEeOOXOIMMOCTh Ha/IMYMA B OCHAILEHUH JOIOIHUTETHHOTO
uHCcTpyMeHTapus U ap. Oco60e 3HadeHNe TaHHbIE TPO6IEMBI
IpHOGPETAIOT IPU MaCCOBOM IIOCTYIUICHUH PaHEHbIX U I0-
CTpaJaBILINX ¥ OTPAaHUYEHHBIX BOSMOXKHOCTSIX CHJI U CPEAICTB
MEIUIUHCKOM CIy>X0bI. [I09TOMY B HacTosllee BpeMs /IS
obecriedeHst CHCTEMBI ATAITHOTO JIeYeHHsI PAHEHBIX HEOOXO-
IrMa pa3paboTka MaTepHajIoB 1 060PYLOBAHU, CHOCOOHBIX
MAaKCHMa/IbHO COOTBETCTBOBATh COBPEMEHHON KOHLEILINH,
JexKaiei B ocHoBe TakTuku Damage Control Orthopedics,
KOTOpasi B HACTOSIIINI MOMEHT IIHUPOKO IIPUMEHSIETCS IIPU
OKa3aHUU MEIUIIMHCKOM ITOMOIIIM PAaHEHBIM C OTHEeCTpPe/Ib-
HBIMU ITepeJIOMaMH IIMHHBIX TPYGUAThIX KOCTEIL.

3HaHNe MeXaHNYeCKUX XapaKTepUCTUK KOCTHOM TKaHH,
0c06EHHO ITPH BO3MEHCTBUY HArPy3KH Ha KOHEIHOCTh, HECO-
MHEHHO, IMeeT OCHOBOIIO/IATAoIIee 3HaUYeHHUe /IS [TyOOKOro
MOHUMAHUS Pa3IUIHbIX (HUZUOTOTUIECKUX U MATOTOTH-
YeCKUX COCTOSIHUI, MMOUCKA 3aMeIIAIONIUX MaTepUaJoB U
HU3y4eHHUs BO3MOXKHOCTEH COeIUHEHUS C OPYTUMU MaTepHU-
aJIaMU 1 yCTPOMCTBaMHU. YT0 >ke KacaeTcsi OHOMeXaHUIeCKHX
ACIIEKTOB BHEOYAroBO¥ (PUKCAIIUU KOCTHBIX OTIOMKOB, TO
[IPU CPAaBHUTETBHOM aHa/IN3e CTaOMIbHOCTH, HAIEKHOCTH U
MeXaHHIeCKO TPOYHOCTH (PUKCAITUU PA3TUIHBIMU UMITIAH-
TaTaMH aBTOPaMHU OOBIYHO UCCIEAYIOTCS IIO/IS ITePeMELLIeHHUIA,
nedopmanuit ¥ HaMpsHKEHUN KaK B KOCTH, TAK M B CAMHX
uMIvtanTarax [11; 12]. OreyecTBeHHBIMU OMOMEXaHUKAMU
MIPeIOKEHBI U ATPOOUPOBAHBI TAK Ha3bIBaeMble KPUTEPUH
ycremrHocTu edeHusa. Cpeqy HUX MIMPOKO NMPUMEHAIOTCS
O6roMexaHUYeCKHe KPUTEPUHU YCIIEIIHOCTH, C IIOMOIIIBIO
KOTOPBIX MO>KHO KOJTMYECTBEHHO CPaBHUTH MEXIY COO0I
PpasIMYHbIe BAPUAHTBI XUPYPTrUUYECKOTO PeKOHCTPYKTUBHOTO

JIe9eHUsI [TOCIIEICTBUI 3a00/IEBaHUIT U TIOBPEXX/IEHUT d/IEMeH -
TOB OIIOPHO-/IBUTaTeIbHOTO anmnapara [13].
ens uccremoBaHus — CpaBHEHUE CTAOMIBHOCTU U

HafleXXHOCTH duKcanuu auadusapHoro mnepemroma (Cru-

paneubrit, Tun C o knaccudukamyu AQ) 60/1b111e6epIi0BOT

KOCTH IIPY IIOMOIIH IIATH BapuaHTOB AB® oTeyecTBeHHOTO

mpousBopcTBa [14-16]:

+ ammapar «KCBII» ¢ TuTaHOBBIMY y3/1aMu (fasee — amima-
par 1);

+ ammapar «VJIEAJI» ¢ 6pICTPO3aXXKUMHBIMU y31aMu (Ia-
Jlee — ammapar 2);

+ ammapar ¢ kap6oHoBbIMH y31amu MG-FIX (manree - am-
mapar 3);

+ amnmapat ¢ kap6oHoBbIMHU y3mamMu MG-FIX-universal
(manee — ammapar 4);

+ anmapar ¢ kap6oHoBeiMH y3mamu ZX-Octeomern (ma-
Jlee — ammmapar 5).

J1st OCTHOKEHMSI TOCTABIEHHOI 11e/Th HaMu ObUTH pe-

IIIeHBI CJIelyIole 3a/1auu:

+ mocrtpouts 1o gaHHeIM KT 3mopoBoro mo6poBosnbiia
3D TBepHOTe/NBHYIO MOEIb OOMbIIe6EPIOBOI U MaIo-
6ep1OBOI KOCTEH, YYUTHIBAIOIIYIO XapaKTePUCTHKH
KOPTHKa/JIbHOM U ry6an017[ KOCTHOM TKaHMU;

*  CMOMeTMpOBaTh nuadU3aAPHBIN MepeoM (CIHpanbHBI,
tun C mo knaccudukaruu AO) 60/bI1e6epIioBOiT KO-
CTH;

+ mocTtpouts 3D TBepnoTe/bHBIE TeOMETPUIECKUE MOTETH
asatu ABOD;

*  €O3JaTh IIATh MOJEIEN «KOCThb-UMIUIAHTAT», KaXKIas U3
KOTOPBIX BK/IIOYaeT MOJIE/Ib KOCTEI C IIePeIOMOM U MO-
Ielb COOTBeTCTBYIoIero AB®;

*  IIOCTaBUTb U PEIIUTb 3a7aqy OMOMEXaHUKH O HaIIPsDKEH-
HO-71e(DOPMUPOBAHHOM COCTOSTHUU CUCTEMBI «KOCTh-HM-
IUTAaHTAT» JI/IS K&KIOH U3 MATH MOCTPOSHHBIX MOTIETICH;

*  IMIpOaHAJM3UPOBATH PAaCCYUTAHHBbIE HAIIPSDKEHHO-JE-
opMupoBaHHbBIE COCTOSHUS KaXKIOW U3 MISITH MOJIeTeit
U OLIEHUTh UX CTaOMIBHOCTD U HAIOKHOCTDH C YIETOM
61OMeXaHUYeCKUX KpPUTEepHUeB YCIEIIHOCTU JIeYeHHUS,
CPaBHUTH MOJIENU C MTO3UIUU OHOMEXaHUKH.

Matepuanbl U METOADI

[Toctpoenue 3D TBepnoTenbHOI Momenu 6onbiiedep-
I]OBOM KOCTH OCYILIECTB/ISUIOCH Ha ocHOBe aHHbIX KT B mpo-
rpamme Mimics. Moze/b yIuThIBajIa Iy6YaTyio ¥ KOPTHKAIb-
HYIO KOCTHBIE TKaHH. 3aTeM B CHCTeMe aBTOMATH3HPOBAHHOTO
mpoekTrpoBanus SolidWorks cTpoumuck Mmopienu armaparos
BHeIIIHel (PUKCAIIUH, KOTOPbIE 3aT€M COBMEILA/IMCE C TI0-
CTPOEHHO¥ MOTebIo KocTu. CIIMpaIbHbIN epesioM quadusa
kocty, tun C no kmaccudukaiuu AO co3maBancs TakKe B
SolidWorks. Pesynbrupyroriyie Mofeau cucteM Koctb-ABD
IIpefICTaB/IeHbI Ha PUCYHKe 1.

MopenupoBaHue Harpy>kKeHUs cUcTeM KOCTb-AB®
OCYIIECTB/IUIOCH B CUCTeMe KOHEYHO-3/IEMEHTHOTO aHaTH3a
Ansys. UiC/IeHHO METO/IOM KOHEUHBIX 3JIEeMEHTOB Pelllaach
CTaTHYeCKas 3aayyd OMOMEXaHHUKH, KOTOpas MOIEIHPYeT
HaTpsKeHHO-Te(pOPMHUPOBAHHOE COCTOSIHME CHUCTEMBI
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Puc.1. 3D mogenu cuctembl kocTb-AB® annapatos 1-5.

Puc.2. TpaHnyHble ycnosua: KpacHsIM (B) nokasaHa 06macTb Harpyxeuus,

cuHUM (A) — 061acTb 3aKpenneHus.

Ta6n. 1. MexaHun4eckue CBOIACTBA KOCTHbIX TKAHEN 1 3NEMEHTOB cuKcaLum

Marepuan Mopynb HOura, MMa | Koathchuumenrt Myaccona
[y6yaTas KoCcTb 800 0.3

KopTukanbHas KocTb 16800 0.3

TuTaHoBbIN cnnas 96000 0.36

Kap6oH 181000 0.3

Zedex-324 3600 0.2

«KOCTh-UMIUIAHTAT» I10]I HEfCTBHEM BHEIIHUX HArPy30K.
MonennpoBanoch U 3aTeM aHaTU3UPOBAIOCH HATIPSKEHHO-
nedopmuposannoe coctosiaue (HIIC) KOCTHBIX OTIOMKOB
U cucTeM (UKCALHHU TOJ AeMCTBUEM COKMMAIOIINX YCHIIHIT,
IIPWIOXKEHHBIX K BepXHEMY KOHITY KOCTH, HIDKHUI KOHell KO-
CTH IIPH 3TOM >KECTKO 3aKPeIUISICS, KaK [TOKa3aHO Ha PUCYH-
ke 2. Marepuasibl KOCTHOI TKAHHU U 9/IEMEHTOB HUMIUIAHTATOB
[IPeIIOIaraJuch THHENHO- YIIPYTUMH U H30TPOITHBIMHU.

MeXy KOCTHBIMHU OT/IOMKaMH U OCKO/IKAMH CTaBH/IHCh
KOHTAaKTHBIE YCIOBUS C TpeHHEM, K03 DUIUEHT TPeHUs
IpUHUMAJICA paBHBIM 0.2.

Mexanndeckue cBoitctBa (Monynp IOura u xoaddu-
nueHT [lyaccoHa) KOCTHOM TKaHU U 97eMEHTOB (DUKCAIUH
Opamich U3 JaHHbIX auTeparypsl (Tabm. 1).

Puc. 3. [ons nepemeluennii ans mogeneit AB® 1-5 (Harpyska 100 H).

Puc. 4. [ons aKBUBANEHTHbIX HanpshkeHui no Musecy B MOAENSX UMNIAHTATOB

annapartos 1-5 (Harpyska 100 H).

Puc.5. TunuuHble NONA KBUBANEHTHBIX HANpsXeHni no Musecy 8 ry64arton

KocTu (Harpy3ka 100H).

Tak KaK IIpH TaKUX OIlepalisAX [AIIMEHTY He pas3pereHo
OIMpPaThCs Ha TPOOIEPUPOBAHHYIO KOHEYHOCTD, TO B TAHHOM
HCC/IEOBaHUM OBIIO PEIeHO He HArpy»XaTh MofieIb 00/Ib-
IIUMH YCWINAMU HOPsAIKa IOJTOBUHBI Beca Teja yeloBeKa
u 6oree, Kak [iefaeTcs B Opyrux paborax. [lpu momemupo-
BaHuu ucciaenoBanock HIIC cucteMbl KOCThb-UMIUIAHTAT
TI0fI, JieHiCTBUEM CXKMMatolell Harpysku ot 100 go 200 H ¢
marom 50 H.

PesynbTatbl U 06CYXAEHME

PesynbraTel CpaBHUTE/IBHOTO aHA/IM3a U3YYEeHUs CTa-
OWIHLHOCTH M HAIEKHOCTU (DUKCAIIUU KOCTHBIX OTIIOMKOB
rpu quadu3apHOM IepesoMe 60IbIIe6epIIOBOI KOCTH THUIIA
C o AO nipencraBiieHs! B Tabuiie 2.

Ha pucynke 4 mpencraB/ieHbl THIIMYHBIE [TOJIS] 9KBUBA-
JIEHTHBIX HallpsDKEHMIT 10 Mu3ecy B MOzie/IAX UMIUIAHTaTOB
(marpyska 100 H).

Ha pucyHnke 5 npencraBjieHbl TUIIUYHBIE 110/ 9KBU-
BAJICHTHBIX HAINPsDKEHUI 110 Musecy B ry64aToit KOCTH
(marpyska 100 H).
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Ta6n. 2. OcHoBHble paccuuTaHHble xapaktepuctuku HOC ans mogeneii annapatos 1-5

Mopenb AB® Annapat KCBIl WAEAN MG-FIX MG-FIX-universal ZX-Octeomeq
(annapar 1) (annapar 2) (annapar 3) (annapar 4) (annapar 5)

Harpyska, H 100 | 150 | 200 | 100 | 150 | 200 | 100 | 150 | 200 | 100 | 150 | 200 | 100 | 150 | 200
MakcumanbHble nepemeLleHns, MM 09 (12|16 |18 |27 |35 |13 |19 |24 |17 |24]|31 |18 ]| 26| 34
MakcumansHble HanpsbkeHus B cTepxHax LWaHua, MMa | 62 | 95 [ 125 | 58 | 86 | 122 | 43 | 65 | 85 | 37 | 51 65 | 42 [61.0 | 81
MakcumarbHble HanpsxeHus B kopTukanbHoi koctw, MMa | 27 | 32 | 34 | 31 | 36 | 37 | 30 | 35 | 37 | 30 | 34 | 37 | 30 | 32 | 33
MakcumansHble HanpspkeHus B ry64aroi koctu, Mia 0.59(0.76 | 1.20 | 0.49 | 0.72 | 0.97 | 0.42 | 0.64 | 0.83 | 0.53 | 0.81 | 1.10 | 0.46 | 0.71 | 0.95
MakcumanbHble HanpsXKeHus B KapooHOBbIX nnaHkax, MMa | 18 | 27 | 36 | 12 | 19 | 27 | 10 | 15 | 22 8 12 | 15 9 14 | 18
MakcumanbHble HanpsKeHns B COeAMHUTENbHbIX yanax, MMa | 14 | 21 | 26 3 5 8 1 2 3 3 5 7 2 4 5

Puc. 6. [lone 3KBUBaNEHTHbIX HANPsKeHUIA N0 Musecy B KOPTUKAIbHOR KOCTH
annapara 5 (Harpyska 100 H).

Ha pucynke 6 mpencTaB/ieHbl THIIMYHBIE TTOJIS] 9KBUBA-
JIEHTHBIX HAIIPsDKEHMIT 110 Mu3ecy B KOPTUKa/IBHOM KOCTH
(marpyska 100 H).

Ha muarpammax 1-6 rpadudecku mpencraBieHb
OCHOBHBIe paccuuTaHHble Xapaktepuctuku HIIC mist Bcex
uccaenoBaHHbIX ABO.

35_
3
2,5
2]
1,54
1]
sl |
0 T T 1
100 H 150 H 200 H
I ™ Annapar 1 (KCBM) Annapar 4 (MG-FIX yHuBepcan)
I I Annapar 2 (gean) [ 1 Annapat 5 (ZX Octeomen)

Annapar 3 (MG-FIX)

[uarpamma 1. MakcumaribHble NepeMeLLieHnst KOCTHbIX OTIIOMKOB npi doukcauum ABO.
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2 | | ‘
0 T T
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I W Annapat 1 (KCBM) Annapart 4 (MG-FIX ynusepcan)
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[narpamma 2. MakcumarnbHble HanpsXXeHus B cTepxHAX LaHua.
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I W Annapar 1 (KCBIM) Annapar 4 (MG-FIX yHusepcan)
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[uarpamma 3. MakcumanbHble HAaNPSHXKEHUS B KOPTUKANbHOR KOCTH.
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[narpamma 4. MakcumanbHble HanpsXXeHNs B ry64aToit KocTu.
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[narpamma 5. MakcumanbHble HaNnPSHXKEHNUS B COEAUHUTENbHbIX Y3nax.
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[narpamma 6. MakcumanbHble HaNnpsSXXeHUs B KAPOOHOBbLIX MaHKax.

[Tonst mepeMereHUt KOCTHBIX OTIOMKOB TSI BCEX
Mogesteit okasanuck cxoxxumu (Puc. 3). Hanbonpimyio cra-
6wibHOCTD ukcanuu obecrednBaet ammapar 1 (KCBIT),
YTO BUIHO U3 iuarpamMmel 1. OcTanbHble alapaThl JeMOH-
CTpUpOBaIK 60/Iee BBICOKYIO CTeNeHb IlepeMertieHns. OnHa-
KO TIO/THBIE TTepeMellleHHUsI BO BCEX MOJIE/ISIX He IIPEBDIIIAI0OT
3.5 MM npu Harpyske 200 H, 4To ABasAeTCA HOMYCTUMBIM C
Y4eTOM IIMHBI HCCIENYeMOT KOCTH.

Hawn6osp1nre HanpsKeHUs B UMIUIAHTATaX 0OHAPYKH-
BAIOTCSI Ha Pe3bOOBBIX CTEPXKHSAX, KOTOPBIE (PUKCHUPYIOTCS
B kKoctu (Puc. 4). AB® KCBII nokassiBaeT HauOOJIbIINE
HATPSDKEHUs B CPABHEHUH C OCTaIbHBIMU aIlllapaTaMH, YTO
00bACHAETCA €r0 Hanboj1ee BICOKOI YKeCTKOCThI0. HarMeHb-
III1ie HATIPSDKeHUs B UMIUIAHTATaX IEMOHCTPUPYeET anmapar
MG-FIX-universal (mpu Harpyske 200 H onu noutu B nBa
pasa Hike Hanpspkeruit B ABO KCBIT).

[Tpu 3TOM B KOPTUKAIBEHOM KOCTU HATTPSDKEHUS IIS BCEX
aIrnaparoB OTIMYAIOTCA B Ipenestax 10% mpu cOOTBETCTBYIO-
IIUX Harpyskax. OTMETHM, YTO UX 3HAUEeHH He IPEBBIIIAI0T
pefies IPOYHOCTH KOPTUKATBHOI KOCTH, KOTOPBII MOXKET
nocturath 161 MIIa (Ta6. 3).

TaxuMm 06pasoM, HOIYCKaeMbIM HaIpsDKEHHEM IS
THUTAHOBBIX MMIIJIAHTATOB OyneT saBasAThcs 287 Mlla.
ITO 3HaUYeHMe He NOCTUTAETCs HU P OHOI U3 HCCIie-
DOBAHHBIX HATPY30K AJIS BCEX PACCMOTPEHHBIX CHCTEM
dukcanuu.

[pu olteHKe CTOMKOCTH UMIUTAHTATOB K IIUK/TNIeCKUM
HarpyskaMm HCC/IeTOBaTeN OOBIYHO HCIIONb3YIOT ITOHSITHE
BBIHOC/IMBOCTH, @ TAK)Ke TIpeie/l BBIHOCIUBOCTH. JJaHHBII
mapaMeTp XapaKTepusyeT HauboJjblliee 3HaUeHHE MaKCH-
MaJIbHOTO HAMPSDKEHUs IUK/IA, IPU IeMCTBUU KOTOPOTO
He IIPOMCXOAUT YCTAOCTHOTO PaspyIleHUs oOpasiia mocje
MPOU3BOIBHO GOMBIIOrO WIN 3aJaHHOTO YUC/IA [[UKJIOB
Harpy>xenus [17]. Eciu »ke HanmpspKeHUsT B KOHCTPYKLIHU
MPEBBIIIAIOT MPeJie/l BHIHOCIUBOCTU MaTepuaa, TO pac-
CMaTpHUBaeTCcs KpUBasi BRBIHOCTUBOCTHU Bemepa (Puc. 7), B
COOTBETCTBHUU C KOTOPOIT OIIEHUBAETCS KOTTMIECTBO IIUKIIOB,
IpHU KOTOPBIX KOHCTPYKIusA 6ymeT paborarth 6e3 06paso-
BaHUS YCTAJOCTHBIX TPELIUH U paspyurenus. K mpumepy,
TaKOM IOAXOR ObUI HCIT0Nb30BaH Martinez-Mondragon mpu
OlLIEHKE YCTaJOCTHOI MPOYHOCTH 3YOHBIX UMIUIAHTATOB,
BBITIOJIHEHHBIX U3 TUTAHOBOTO CIlIaBa [18].

Tabn. 3. Mpo4HOCTHbIE XapaKTEPUCTUKM KOCTHBIX TKaHEeN 1 MMMNNAHTaToB

Martepuan Mpeaen npoynoctu, Mia
MegaumumHckas (xupypruyeckas) no 1241
HepxasetoLuas cranb (316LS/316LVM) (npenen Tekyyectu o 945)
TutanoBbIi cnnas Ti6AI4V ELI Titanium Alloy | go 860
KopTukanbHas KoCcTHas TkaHb 1o 161
[y64aTas KOCTHas TKaHb no 15

omax

o, |

01234 5 6 7 8 9 LgN

Puc. 7.  Tunudnas kpusasi Bensepa nocne ucnbitaHuii Ha yctanocTb, o, — uau-
4eCKMI Npeen BbIHOCAMBOCTM, N0 OCK aBCLMCC — Norapudm yucna
LUMKNOB 10 Pa3pyLUeHns.

V3BecTHO, 4TO [UIsI TUTAHOBBIX CIUIABOB IIPeJieNl BbI-
HOCMBOCTH cocTaByAeT oT 0.25 no 0.6 npeznesia IpOYHOCTH
[17]. Takum o6pa3om, B TAHHOM HCCIENOBAHUU HAMU OBUT
B3SAT IIpefie/l BBIHOCIMBOCTU THTAHOBOTO CIUIABA, PABHBII
YeTBEPTHU €ro IMpeleabHOI MPOYHOCTH, TO ecThb 215 MIla.
CpaBHeHHe HAUOO/TBIITUX HATIPSDKEHUH B cTepkHsx [aHira,
BBI3BAHHBIX OCEBOIT HaTPY3KOI, C IIPee/IOM BHIHOCTHBOCTH
IIOKA3bIBALT, UYTO IIPY TAKOM YPOBHE HAIPY30K UMIUIAHTATHI
6ynyT paboTaTh IPOU3BOIBHO GOMBIIIOE YHCIO IIUKIOB Ha-
TPY>KeHHUsL.

Tak>ke HEOOXOOUMO OTMETHUTDh, YTO HEMAaIOBAYKHBIM
61OMexaHMYeCKUM CBOMCTBOM CHCTEM BHEOYAroBOM (UK-
CaIUH SIBJISIETCS YCTOMIMBOCTD Pe3bOOBOI YaCTH CTEPXKHE
AB® B KOCTHOI TKAaHU U CKOPOCTH PA3BUTHUS ACEIITUIECKOTO
paclIaTbIBaHUs YPECKOCTHBIX 3JIEMEHTOB IIPU Harpyske Ha
KOHEYHOCTb. Tak Mpu M3y4eHHU JAHHOTO mapamMeTpa Mara
Terzini et all mpu mpoBeneHNN SKCIIEPUMEHTATBHOI OLEHKU
CTaTUYECKON ¥ JUHAMHYECKON YCTOMYUBOCTH OFHOCTO-
poHHero BHelHero ¢GpUKcaTopa KOMIIOHOBKY 6eIpO-TOJIEHU
YCTaHOBMIIH, YTO YKECTKOCTh BHEIIIHero pUKcaTtopa sABjsieT-
cs1 pernaoIuM (GakTOpoM B 0becriedeHUH MOJIIep>KaHuUs
(bHU3HOIOTNUECKOTO IOIOKEHUSI KOCTHBIX OT/IOMKOB B YC/IO-
BHSIX OCEBOII HArpy3KH M HEMaJOBaKHOE BIIHMSIHHE Ha 3TO
OKa3bIBaeT TeMIIEPAaTypHOe MOBPEeXAeHNEe KOCTHOM TKaHU
BO BpeMsl MPOBeNeHUsI YPeCKOCTHBIX KOMITOHEHTOB ABQ®,
KOTOPOE B CBOIO OYepefb MPUBOAUT K HEKPO3Y KOCTHOM
TKaHH, HHOUITUPOBAHUIO U MOTEPE KECTKOCTh BHEIIHEN
duxcaruu [19].

3akniouenue

Cpenu uccenoBaHHbIX BapuaHTOB AB® Hanbosbiireit
crabunpHOCTBIO 06mamaer anmapar 1 (KCBIT). 3to 06bsic-
HSIETCSI TeM, YTO (UKCHPYIOLIKeE 3/IeMeHThI JaHHOTO ABD
COCTOAT U3 TUTAHOBOTO CIUIaBa, 00/IaJaoIero BHICOKUMU
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MOKa3aTe/IsIMU IIPOYHOCTHU. B TO ke Bpemsi, CTAOUIBHOCTD
BHeIlIHel (PUKCAUU KOCTHBIX OTIOMKOB IIPU UCIOIB30-
BAaHUU APYTUX alllapaToOB TaKXKe SBJISIACH JOCTATOYHOM.
Hawu6obiune Mexanndeckre HanpskeHus (o Musecy) mpu
9TOM OTMEUEHBI B pe3bOOBBIX CTEPXKHSIX, BKPYUNBAIOIIIHX-
¢Sl B KOCTh. B X0fie IpoBefieHUsI CPaBHUTE/IBHOTO aHa/INn3a
P PacCMOTPEHHBIX HarpysKax IOBPeX/E€HUs KOCTHOM
TKaHY He BO3HMKAJI0O HU B OJHOI CHCTEMe Harpy>XeHHs
KocTh-AB®.

Ha ocHOBaHMM BBIIIEH3IOKEHHOTO MOXKHO IIPUNTH K
BBIBOJY, YTO BCe HcCIenyeMble cTep)kHeBble ABD obamator
JOCTaTOYHBIMHU OGMOMEXaHUYECKUMHU CBOMCTBAMM [/ 06e-
criedeHust CTabuIbHOM (PUKCAIMK KOCTHBIX OTIOMKOB IIPH
OCKOJIBYATHIX [uadU3apHBIX MepeioMax 60/bIIedepoBoit
KOCTH, He UCIIBITHIBAS IIPU 3TOM YCTAJIOCTHBIX PaspyLLIeHHH
(B COOTBETCTBUU C PACCMOTPEHHBIMHU OCEBBIMH CKUMATOIIIH-
Mu Harpyskamu 1o 200 H), 4to mopTBep)KaaeT BO3MOYXHOCTh
YCIIEITHOTO TPUMEHEHH JAHHBIX allllapaToB B KIIMHHYECKOM
MPAaKTUKE MPHU JIeIeHUN OTKPBITHIX (B TOM YHC/IEe U OTHe-
CTpe/bHBIX) TIEPEIOMOB [UIMHHBIX KOCTE KOHEYHOCTEI.

BobiBoAb!

1. Ha coBpemenHoM atane cTepkHeBble ABO saBnsoTcs
He3aMEHUMBIM MHCTPYMEHTOM B JIEY€HUM PaHEHHBIX C
OTHECTPE/IbHBIMH ITepeJIoMaMU KoHeuHocTel. [Ipu atom
MaHHBIe aIapaThl JO/DKHBI 00/IaaTh OMpee/leHHbIMU
6MOMeXaHHYECKUMU ¥ 9PTOHOMHYECKUMHU CBOMCTBAMU
(Heb6orbIIIast Macca, BBICOKAs IPOYHOCTb, CTAOMIHLHOCTH
ukcaru, TpOU3BOIUMOCTS );

2. Koncrpyxmnuu AB®, 13roTosjieHHbIe U3 Hep>KaBeolllei
CTaIi ¥ CIUIABOB TUTaHA SIBJISIIOTCS HauOosee IPOYHBI-
MU, OTHAKO IO CBOUM 3PTOHOMHUYECKUM CBOMCTBaM OHU
yCTymaioT 60/iee COBpeMEeHHBIM Mofie/IsiM. B ¢Bsi3u ¢ 1vem
Hamu 6bU1 paspabotan psg AB®, cocTaBHbIE 97IEMEHTBI
KOTOPBIX COCTOST U3 Pas3muIHbIX MaTepuanos (Peek- kap-
60H), 06/1aJAIOIUMH TAKUMHU BaKHBIMM CBOMCTBAMHU KaK
PEHTTE€HITPO3PAYHOCTD, IETKOCTb KOHCTPYKIUHY, GBICTpast
MIPOU3BOIMMOCTH IEMEHTOB aIIapaTa u T.1I.

3. BrimonHeHHOE 3KCIEPUMEHTaIbHOE UCCIEOBaHUE Jie-
MOHCTPHPYET, 4TO paspaboTaHHble KOHCTPYKIUHU IO
CBOMM YIPYTO-IIPOYHOCTHBIM M OMOMEXaHHYEeCKUM
CBOMCTBaM B JIO/DKHOJ CTeIIeHH He YCTYIIAI0T THTAHOBBIM
KOHCTPYKLIHSIM U COOTBETCTBYIOT IIPEIbSIB/ISIEMBIM YCIIO-
BUSM TS CTAOMIBHOTO OCTEOCHHTE3A IIPU OTKPBITHIX (B
TOM YHCJIe OTHECTPE/TbHBIX) TIepeIOMaXx.

ABTOPBI 3asAB/IAIOT 06 OTCYTCTBUH KOH(IUKTA MHTe-
pecoB (The authors declare no conflict of interest).
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