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Pesiome: PaKT HAY4HOTO OBOCHOBAHMSA M MOMYAIPU3ALLMM BO BCEM MMPE MeToad [.A. MAM3apOBA €CTb BEAMYAMLLIEE AOCTMXEHME OTEYECTBEH-
HOM MEAMLIMHBI, O PA3PABOTAHHAN METOAMKA €70 MCMOAb3OBAHMSA MPU BOCMOAHEHMM AECOULIMTA KOCTHOM TKAHM BEPXHMUX M HUKHMX KOHEYH O-
CTEeM CTAAQ (30AOTbIM) CTAHACPTOM AEYEHMS TAKMX MOCTPOACBLUMX [7]. M3BECTHO, YTO YACTbIMU MPUYMHAMKU OO PMUPOBAHUA MOACCUBHOTO
AedDeKTa KOCTU SBASIOTCS TPOBMbI CHAPAACMM C BbICOKOM KMHETUHECKOM SHEepPrmer, MeCTHbIM MHADEKLMOHHDIM MPOLLECC, OHKOAOTMYECKME
3000AEBAHMA 1 M3AULLIHAS XMPYPIMYECKas arpeccus [4]. AOAroe Bpems COXPaHEeHne dPYHKLMM KOHEYHOCTM Y TOKMX MALIMEHTOB BbIAO BO3MOXK-
HO TOABKO B CAY4Q€ MPUMMEHEHMS BHEOHAroBOrO YPECKOCTHOTO KOMMPECCHMOHHO-ANMCTPAKLMOHHOTO OCTEOCHHTE3A C HECBOBOAHOM KOCTHOM
naactukor no N.A. Mamzaposy [7]. HO NPOAOAXMUTEABHOCTb M PE3YABTAT A€YEHMS 3AYACTYIO OKO3bIBOAMCb HEYAOBAETBOPUTEABHBIMKW KAK AAS
NALMEHTA, TAK U AAS AedaLLiero Bpaya [1]. NMpumeHeHue B NPAKTHUKE BO3MOXHOCTEN PEereHepaTMBHOM MeANLIMHbBI MPK BOCCTAHOBAEHMM CTPY K-
TYPHbIX CBOMCTB MOBPEXAEHHbIX TKAHEM C MOMOLLLbIO BMOAKTUBHBIX MMMACHTATOB MO3BOASET PACCHUTLIBATL HA PELLEHME HEMPOCTbIX KAUHWY e-
CKMX 30A0Y4 B COBPEMEHHOM TPABMATOAOTMU U XMPYPTUK [12]. BOMpoC 30MeLLLEHNS OBLLMPHbBIX A€GDEKTOB AAMHHbIX TOYB4ATbIX KOCTEN BCETAQ
ObIA OKTYOAEH KAK AAS XMPYPIMM MOBPEXAEHUM, TAK U AAS OHKOAOTUK. MOMUMO MPUMEHEHMS BHEOHArOBOTO YPECKOCTHOIO KOMMPECCHUOHHO-
AUCTPOKUMOHHOTO OCTEOCHHTE3A C HECBOBOAHOM KOCTHOM MAQCTUKOM MO .A. MAM3QPOBY KOCTHbIE AECDEKTbI 3A4ACTYIO TPEOYIOT MCMOAB3OBA-
HWA KOCTHBIX TOAHCMAAQHTATOB MAM MPOTE3MPOBAHMS.

TUTAHOBBIM CMACB CETOAHS OKTMBHO MPUMEHAETCH B CTOMATOAOTMM M OPTOMEAMYECKOM XMPYPTM BAAroACps CBOEM OTHOCUTEABHOM BUOMHEPT-
HOCTW 1 OTAMHYHBIM MEXAHMYECKMM U BUOAOTUHECKUM CBOMCTBAM [5]. TUTAH M €ro KOMOUHUPOBAHHbBIE CMACBbI MOEBOCXOAAT BCE MMEIOLLIMECS
B XMPYPIMMU MATEPUAABI, UCMIOAB3YEMBIE AAS 3AMELLLEHNS OObEMHDBIX KOCTHbIX A€DEKTOB [6]. C NOSBAEHUEM M PA3BUTMEM METOAOB 3D-neyatn
C MOMOLLIBIO METAAAOB MOABUANCH HOBbIE BO3MOXHOCTU MPUMEHEHNA TUTAHA M €r0 CMACBOB, MOABMAACH BO3MOXHOCTb CO3ACBATL BLICOKOTON-
Hble MOPMUCTbIE CTPYKTYPbl AAS 3AMELLLEHNA KOCTHbIX A€CDEKTOB B COOTBETCTBMM C KAMHMYECKUMMM MOTPEBHOCTAM. B xoae paboTbl Bbian pac-
CMOTPEHbI 3APYDEXHBIE METOANKMU 3AMELLLEHMA OBLLMPHBIX KOCTHbIX AEGDEKTOB C MOMOLLLbIO 3-D MeyaTH, BbISBAEHbI HEAOCTATKM TAKME KOK:
AOPOTOBM3HA PA3PABOTKM M MPOU3BOACTBA, M3AMLLIHAS MHAMBUAYOAM3ALMA. MICMOAB3YS OMbIT 3APYOEXHbIX KOAAET, Mbl 3AACAMUCH LLEABIO MCKAIO-
4MTb MPEXHUE HEAOCTATKM U YHUAPULMPOBATL MPOTE3 MOA BCE OHATOMMYECKME OBAQCTU. B MTOre Hamm paspaboTaH M CO3AAH NPOTOTUM MO-
AEAM NPOTE3A C NOMOLLLBIO 3D-NEYATH, KOTOPbIM ABAIETCA MEPCMEKTUBHBIM AAS ACABHEMLLIETO PA3BUTUS M BHEAPEHMS B KAMHUYECKYIO MPAKTMKY.
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Abstract: The fact that the scientific substantiation and promotion worldwide of the method of llizarov is the greatest achievement of domes-
tic medicine, and the method of its use in filling bone deficit of upper and lower extremities have become the gold standard treatment of
such patients [7]. It is known that frequent causes of the formation of a massive bone defect are injuries from projectiles with high kinetic ener-
gy. local infection, cancer, and excessive surgical aggression [4]. For a long time, the preservation of limb function in such patients was possi-
ble only in the case of non-focal transosseous compression-distraction osteosynthesis with non-free bone grafting according To G. A. llizarov
[7]1. However, the duration and result of treatment often did not fully satisfy both the patient and the attending physician [1]. The use of re-
generative medicine in the practice of restoring the structural properties of damaged tissues with the help of bioactive implants allows us to
count on solving difficult clinical cases in modern tfraumatology and surgery [12]. The question of replacing extensive defects in long tubular
bones has always been relevant for both damage surgery and Oncology. Bone defects often require, in addition to the use of extra-focal
tfransosseous compression-distraction osteosynthesis with non-free bone grafting according to GA. llizarov, using bone grafts or prosthetics.
Titanium alloy is now widely used in dentistry and orthopedic surgery due to its relative bio-inertness and excellent mechanical and biological
properties [5]. Titanium and its combined alloys are superior to all materials available in surgery that are used to replace bulk bone defects [4].
With the advent and development of 3D printing methods using metals, new opportunities for the use of titanium and its alloys have emerged,
and it is now possible to create high-precision porous structures to replace bone defects in accordance with clinical needs.
During the work, a prototype of the prosthesis model was developed and created using 3D prinfing, which is promising for further develop-
ment and implementation in clinical practice
Keywords: 3D-printing, bioimplant, osseointegration, prosthetics, prototype, defect, scaffolds, frauma, cells, bones.

LLeAb nccaepoBaHuUA: Lleabio paBoThbl IBAIAACH PA3PABOTKA M CO3ACHUE YHUADULMPOBAHHOM MOAEAM
3D-MMNAQHTO AAS 3GMELLLEHMA ODLLIMPHBIX TPOBMATHMHECKMX AETDEKTOB AAMHHBIX TPYOYATbIX KOCTEM AIOObLIX
pa3smepoB. OLLEHKO BO3MOXHOCTEM MPUMEHEHUS U ONPEAEAEHNE OMTUMOABHON METOAMKMU M3rOTOBAEHMS MNPO-
TE3a C Y4eTOM PAKTOPOB, YCKOPSIOLLMX MPOLLECC B3AMAMHOM MHTEMDALLUM MMMIACQHTA C XXMBOM KOCTHOM TKAHbIO.

MaTepuaAbl U METOAbI. AAS CO3AQHUA BUPTYOABHOTO MPOEKTA MAQCTUKOBOrO KAPKACA ObIAO MCMOAb3O-
BAHO nporpammuHoe obecneyeHme “FUSION 360" [Autodesk Inc.], 3D-npuHTep Wanhao Duplicator D9/500
Mark Il [Wanhao Duplicator]. Cam npoTtotvn NpoTe3d CO3AABAACSH M3 GOUAQMEHTHOTO MAACTUKA MOAMITUAEH-
TepedTaAaTA. HO OCHOBE AQHHbBIX, MOAYYEHHBIX B XOAE OBTOMATM3MPOBOHHOIO MPOEKTUPOBAHMA MOPUCTbIX
CTPYKTYP, CTAAO M3BECTHO, YTO AOAEKABAPOBARA CTPYKTYPOA HEAOCTMXMMA M3-30 OCOBEHHOCTEM TEXHOAOTMM
NMPOU3BOACTBA MAQCTUKOBBIX M3AEAMM, M ACHHOS CTRYKTYPO MOXET OblTb AOCTUIHYTA AMLLL B OKOHYOTEABHOM
TUTAHOBOM BOPMAHTE M3AEAMS, KOTOPBIM BYAET MeYaTaTbCd, MCXOAR M3 Pe3yAbTaToB KT MCCAEAOBAHMM, BbIMOA-
HIEMbIX HEMOCPEACTBEHHO MNEPEA MEYATHIO MMMNAQHTA U €70 MPUMEHEHMEM.

Pe3yAbTaTbl. OAHUM U3 MPEUMYLLLECTB MPEAAOXKEHHOTO HOMM TUMA NPOTE3A AAS BOCMOAHEHUS OBLLIMP-
HbIX A€CJDEKTOB KOCTHOM TKOHM CTAAO 0BecneyeHne HEOBXOAMMbIX YCAOBMM AAS PECAM3ALLMM NPOLLECCO 0BpPO-
30BAHMS HOBOWM KAMUAAIDHOM CETU B 30HE MMAQHTALMM, CAEAOBATEABHO, U YBEAMHEHUE YPOBHS OKCUTEHALLMM
0BpPa3YIOLLLENCH KOCTHOM TKAOHU, HEOOXOAMMOM AAS HOPMOABHOTO MPOLLECCA OCYLLLECTBAEHMS U 30BEPLLEHMUS
octeoreHesa [8, 9]. NMAQHMPYETCH, YTO ACQHHbIE MEPBI MOMOTYT YCKOPUTb MPOLLECC B3AMMHOM MHTEMNPALMM UM-
MAQHTO M XXMBOM KOCTHOM TKOHW, Y4TO MO3BOAMT HOAEXHO 3ACPUKCUMPOBATL MPOTE3 K MPOKCUMAABHBIM U AMUC-
TOABHBIM KPQAM KOCTHOTO A€QDEKTA, OKPYXUTb METAAAMYECKYIO KOHCTPRYKLMIO HOBOOBPA3OBAHHOM KOCTHOM
CTPYKTypOU. B pesyabTate paspa®oTku, NPOEKTUPOBAHMA M CO3AAHUS MOAEAM-MPOTOTUNA Mbl MOAYYMAM MAC-
CTMKOBbIM BAPUAHT M3AEAUS C LLEABHOM MOHOAMTHOM CTPRYKTYPOM, BKAIOHQIOLLLMM B CEOS ABO MOABUMXKHBIX DAE-
MEHTA AAS OUKCALMU B MPOKCUMMAABHOM MAM AMCTAOABHOM KOHLLE 30HbI KOCTHOM AECTPYKLMK. [TpOTOTHI MO-
AEAM OTOBPOXKAET BCE TEXHUYECKME M MEXAHUYECKME CBOMCTBA KOHEYHOrO BAPUAHTA MPOTE3A U3 TUTAHOBOTO
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CMAQBA. MOAEAb MPOTOTUNA TUTAHOBOrO MPOTE3Q COCTOMUT M3 TPEX HEMOABUMXKHbLIX HYOCTEM: KOPMNYC, CBEPAO,
BHYTDEHHSAA LLUAXTA M ABYX TUMOB MOABVIKHbIX: BbIABUTAEMOM CTPEAbI M MPOABUIQIOLLIMX BCTABOK. KOHCTPYKLLMA
NpoTE3a NOAPO3YMEBAET HAAEXHBIM MPUHLMMA KAK HOPY>KHOM GOUKCALMM K PPATMEHTAM OCTABLLENCH KOCTH
MyTEM BCBEPAMBAHMA NPOTE3A B AMCTAAbHBIM MAM MPOKCUMAAbHBIM KOHELL 30HbI MOBPEXAEHUS, TOK U BHYTPEH-
HEW JOUKCALMKM MOABMIKHOM YACTU MYyTEM PACKAMHMBAHMSA MOABMXKHOM U HEMOABMXHOM YOCTM BCTOBKAMM. B
npouecce pa3paboTkM AOAEKAIAPOBOM FYEUCTOM CTRYKTYPbI COOBLLIAIOLLIMXCS MOAOCTEM AAS TUTAHOBOTO BA-
PUAHTA MPOoTE3A Mbl MPEAMNOAAITAAN 3ANMOAHEHMNE NMOAYYMBLLNXCA COODBLLAOLLIMXCS MOAOCTEN CMECHIO XXEAATU-
HO M HOHOTMAPOKCUAMNATUTA C LLEABIO YCKOPEHMS OCTEODACCTOreHe3d U B3ammomHTerpaumm. OB0OCHOBAHME
MPUMEHEHUA XEAATUHA 3AKAKOHAETCA B TOM, HTO XEAATHMH — AEHATYPMPOOBAHHAA d)OpN\CI KOAAQTEHA, COAEP-
KALLAS GOYHKLLMOHAABHBIE AMUMHOKUCAOTBI, HEOOXOAMMbBIE AAS OoCcTeoreHesa [10, 11]. Tak e B COCTAB KOHCT-
PYKUMK ObIA BKAIOYEH HAHOMMAPOKCHMAnatiT (NHA). O60CHOBaHME MPUMEHEHUI NHA B TOM, 4TO OH YCUAMBAET
0BPA30BAHME KOCTHOM TKAHM MYTEM MOBbILLEHMS AAFE€3MM OCTEODAACTA, MPOAMAPEPALIMU U OCTEOUHTETPALIMM
[12]. Pe3yAbTATbl MOCAEAHUX MCCAEAOBAHMM MOKA3OAM, HTO PEMOHTMHBI (KOMMAAEKC TEAb-)KEAQTUHA U HOHOMMA-
POKCMAMNATUTA) 3HAYUTEABHO YCUAMBAIOT AATE3UIO, MPOAMAEPALMIO U AMADAEPEHLMPOBKY KOCTHOM TKAHM [2,
3]. AQHHOS MOAMTOUKALMA MPEAAOXKEHHOTO HOMMU 3D-BMOMMIACHTA NyTEM AOBABAEHMS KOMMNAEKCA PEMOHTU-
HOB ABASETCS NEPCMNEKTUBHBIM HAMPABAEHUEM AAT AOABHEMLLIETO PA3BMUTUI MPOEKTA [5].

BbIBOAbBI. B CAy4O€E C BAPUAHTOM MEYATU MOAEAU MPOTE3A M3 MAACTUKA F4EUCTAA CTPYKTYPO OKA3AAACH
HEAOCTMXKMMA M3-3A0 TEXHOAOTMM TMACABKU Cbl/IAOMeHTHOFO NAQCTMKQA I'IO/\I/I3TI/IA€HTeperTOAOTO. nOAy‘-IeHHoe
M3AEAME C CUCTEMOM 3AMBbIKAHUS MMIMAQHTA B NMPOKCHMMOAABHOM N AMUCTAABHOM OTAOMKAX AAMHHbBIX pr6‘1CITbIX
KOCTEM SBASETCS MOAHOLEHHbIM MPOOTOTUMNOM  AAA NEYATU TUTAHOBLIX MMIMACAHTOB MO PE3YABTATAM KT-
MCCAEAOBOHUI HUXKHUX U BEPXHUX KOHEYHOCTEM U MCMOAb3OBAHUMU UX AAS 3CMELLLEHMUS O6LIJI/IprIX KOCTHbIX
AereKTOB Y PAHEHbIX 1 MOCTOAAABLLUMX, A, TAKXKE, Y MAUMEHTOB C OHKOAOTMHECKMMU 30060AEBAHMIMM. PO3BU-
TMEe AQHHOM TEXHOAOTMM MU3TOTOBAEHMS MHAMBUAYCOAAbHbLIX MMMACHTOB ABAAETCA AOCTATOHHO MEPCMNEKTMBHbLIM AAA
NMPEMMEHEHMA B KAMHUYECKOM MPOAKTHUKE.
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