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PE3IOME: CoBpeMeHHBIE METO/Ibl BU3yaIn3alliy SBJISIOTCS BaKHBIM KOMIIOHEHTOM IIpeaornepa-
LIUOHHOTO MJIAHUPOBAHMS B IJIACTUYECKOH M PEKOHCTPYKTHUBHOU Xxupypruu. llens nanHOro 0030-
pa — NpeACTaBUTh COBPEMEHHYIO0 HH(POPMALMIO O BO3MOXHOCTAX M NEPCIEKTUBAX UCIIONb30BaHUS
3D-neyaTu npu NJIaHUPOBAHUM CIIOKHBIX XUPYpPruueCcKuX BMenaTenbcTB. Micnonp3ys nepcoHanu-
3upoBaHHylo 3D-Mojienp B KadecTBe MIa0iioHa, Opurajia XUpyproB THIATENLHO OTpadaThIBAaeT Ha
HEW ONTUMAaJIbHBIN JOCTYII, BaXKHEUIIIUE dTAIbl IPEACTOSIEH ONepalnu, C y4eTOM WHAUBU1Yyallb-
HBIX aHATOMHMYECKHX OCOOEHHOCTEH CTPOCHMS OpPraHa, ero THIa KPOBOCHAOKEHUSI 1 MHHEPBALIUH.
[IpuBoasiTCss JaHHBIE aBTOPOB 00 ycnexax NPUMEHEHUs MPeAoNepalOHHOTO IIIaHUPOBAHHUS C HC-
MOJIb30BaHUEM OOBEMHBIX MOJIENIe B KapAUOXUPYPTUH, B TPAHCIJIAHTOJIOTHH, B MJIACTHYECKONH U
PEKOHCTPYKTUBHON XUPYPrUuH, TPAaBMATOJIIOTHH, YPOJIOTHH U BO MHOTHX APYTUX 00macTax. Dddek-
THBHOCTH Ollepalluy Ha 3D-MoAenu TOCTUTAeTCs 3a CYET MOJHOW MAEHTUYHOCTH 30HBI XUPYPrH-
YEeCKOro MHTepeca ¢ opraHamu nanueHTta B Macmrade 1:1. [Ipu 3ToM yMmeHbIIaOTCS BpeMEHHBIE
3aTpaThl Ha ONEPALHI0 32 CYET CIaKEHHOW pabOThl XUPYypPruueckoi Opuraabl, CHHIKACTCS JJIH-
TEJIBHOCTh HapK03a, YMEHbIIAETC KpoBonoTeps. K HeqoCcTaTKky METOna MOXXHO OTHECTH JIOIOJI-
HUTEJIbHBIE PACXObl U AOCTATOYHO JJIMTEIBHOE BpeMs, HeoOxonumoe s co3nanus 3D-monenu.
OnHako, y4UTBIBasi CTPEMHUTENIbHOE Pa3BUTHE HU(PPOBBIX TEXHOJIOTHH, MOXKHO MPEIIOI0KUTD, YTO
B Ommkaiimem OynynieM HCIoJb30BaHKE MEPCOHATU3NPOBAHHBIX 3D-Mozeneil cTaHeT TOCTYITHO U
B OOBITHOM KJIMHUYECKOH IMMPAKTHUKE.

KJIOUEBBIE CJIOBA: nnanupoBanue omnepainuii; 3D-meuars; ObICTpOE NPOTOTUIIMPOBAHUE,
aJlTATUBHBIE TEXHOJIOTHH; METOABI BU3YyaJIU3ALIHH.
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ABSTRACT: Modern visual techniques are an important component of the preoperative planning in
plastic and reconstructive surgery. The purpose of this review is to present the latest information about
the possibilities and prospects of using 3D-printing in the planning of complex surgical interventions.
Surgical teams carefully perform an optimal approach and the most important stages of the
forthcoming operation, using customised 3D-model as a template. Individual anatomical features
of the body structure, as well as the type of blood supply and innervation are taken into account.
The data on successful use of preoperative planning implementing 3D-models in cardiac surgery,
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transplantation, plastic and reconstructive surgery, traumatology, urology and many other areas is
analysed in this work. The effectiveness of operations using 3D-models is achieved through the
complete match of the operated area to a patient’s organs in the scale of 1:1. The time required for the
operation is also reduced due to the well-coordinated work of surgical teams. Duration of anaesthesia
and blood loss is reduced too. The disadvantage of the method may include additional costs and
a quite lengthy process of creating a 3D-model. However, given the rapid development of digital
technology, it can be assumed that the use of personalised 3D-models will be available in ordinary

clinical practice in the near future.

KEY WORDS:: operation planning; 3D-printing; rapid prototyping; additive technology; visual

techniques

CoBpeMeHHBIC METO/IbI BU3YaIHU3aIlUU SBIISIIOT-
Cid BaXHBIM KOMIIOHEHTOM IMPEea0INepaiimoHHOIO
naHupoBanus B xupypruu [11, 17, 27]. J{ns BeI-
Oopa TPaBHIBHOTO JOCTYIIA, ITOCIEA0BATEIHHO-
CTU U TOYHOCTH MAHUIYISALUN Ha ONEpUPYyEMOM
OopraHe HeoOXOJIWMO 3HATh OCOOCHHOCTH €ro TO-
norpadun, CTPOCHHUS, KPOBOCHAOXKEHHS W HWH-
HEpBalMU. DTO JOCTUTACTCS CO3JAaHUEM TOYHOM
KO HMHTEPECYIOMEro opraHa B Bujae (u3nde-
ckoil 3D-mopenu. Takoil MeToa BH3yalH3alUU
CTaJl MCTIOJb30BAThCSl B IMEPEIOBHIX KIWHHUKAX B
KayecTBe MPEIONEPAlMOHHOTO  IJIAHUPOBAHUS
[14,24,31].

UENb

[IpencTaBuTh COBpeMEHHYIO HH(OPMALUIO O
BO3MOKHOCTSIX M TIEPCIIEKTHBAaX MCIIOJIb30BaHUS
3D-nevatu ns NpefonepanoHHOIO MIaHNpOBa-
HUS B Pa3HbIX 00JacTAX XUPYPruu.

MATEPUA/IbI U METO[IbI

[IpoBenen ananu3 nAUTEpPaTyphl, BKIOYASl OTE-
YEeCTBEHHbIE M 3apy0OekHble HcTouHUKH. [lpen-
CTaBJEHBI JAHHBIE HCCIIEJOBAHMI, OTpa)karolue
MOTPEOHOCTH B BHITIOTHEHUU NPEAONIEPALIMOHHOTO
IIJIAaHUPOBAHUA C HCIOJIB30BAHUEM MEPCOHAIN3H-
poBaHHBIX 3D-Mozeneill MpU CIOXHBIX XUPYPIH-
YECKHUX BMEIIATENbCTBAX y B3POCIHBIX U JIETEH.

PE3Y/IbIATDI

3a rmocJeHre TO/bl YBEIMUHUBAETCS YUCIIO CTO-
POHHUKOB IpuMeHeHus: 3D-MonenupoBaHus B Ka-
YeCcTBE MpeloNepanMoHHON MOoAroToBKH [26, 29,
34]. Do cBsA3aHO ¢ TPOrpeccoM MUGPOBBIX TEXHO-
JIOTUH, TO3BOJSAIOIIMM 3a OTHOCHUTENIBHO KOpOT-
KU TPOMEXKYTOK BPEMEHHU CO3/1aTh (QUZNYECCKYIO
TPEXMEPHYIO MOJEJb JI000ro y4acTka Tejia B CO-
otHouenuu 1:1. Co3gaHHas MOIENb CIIYXKUT HJIe-
QIBbHBIM «MYJISDKOM» JJIsl U3YyUCHHs] aHAaTOMHUHU U
0TpabOTKN XUPYPrHUYECKUX HABBIKOB MPEICTOS-
el omepanuy ¢ y4eToM WHIWBHIYalbHBIX OCO-

OCHHOCTEl JTaHHOM aHATOMUYeCKoi obnactu [22].
[lepconndukarus cTpoeHHs] opraHa JOCTUTAETCS
Onmaromaps coznanuto 3D-Moenu Ha OCHOBE JIaH-
HBIX, TOJTYYCHHBIX MPH KOMIIBIOTEPHOW MIIM Mar-
HHUTHO-PE30HAHCHOUW ToMorpadun [18].

B ocnoBy 3D-neuaru (ot anri. Three-Dimen-
sional Printing Technology) 3anoxeHb! TpUHIINATIBI
CO3MaHusI 00bEMHOTO U3/IENHSI ITyTEM €ro MOCIOH-
HOTO HapammBaHus [21]. DTy TEXHOJOTHIO TAKKe
Ha3bIBAIOT «OBICTPHIM MTPOTOTHITHPOBAHUEMY, TN
«aJANTUBHBIM TMPOU3BOACTBOM» (OT aHri. addi-
tive — mo0OaBieHHe), B OTJINYNE OT TaK Ha3bIBae-
MOTo CyOTpakTHBHOTO NPOM3BOJCTBA, B OCHOBE
KOTOPOTO JISKHUT yAaJleHHe 4YacTH MaTepuaia
(bpesepoBanme, TOUCHHE U Ipyras MeXaHHUECKas
o0Opabotka). [lepBooTKphIBaTEIsIMU B 3TOH 00Ja-
ctu 60Ut Altschuler 8 1973 . m Swinson B 1975 T
[4], xoTOpBIE OOBEAMHUIN CHUCTEMY aBTOMAaTHYe-
ckoro mpoektupoBanus (CAIIP), wmm CAD
(Computer Aided Design) u cuctemy H3rotosie-
HUS C WCIIOJIb30BAHHEM KOMIBIOTEPHON TEXHOJO-
run CAM (Computer Aided Manufacture) B enn-
Hoe npou3BonucTBO [32]. Cucrema CAD/CAM, Ha
0asze KOTOpPOH CTpOUTCS Mpom3BOACTBO 3D-Mome-
JIeH, OOBIYHO COCTOAT U3 3 Moayieit:l — ckaHep,
CKaHUPYIOIIUK TBEPAYIO MOJETb WIHM CIENOK U
npeoOpasyromuii ux B 1udposyo 3D Momens;
2 — mporpaMMHOe obecrieueHue Ist Au3aiiHa, Ko-
TOpOE UCTIOIB3YETCS IS CO3AaHMs MUPPOBOIT MO-
JIeNy pecTaBpaluu; 3 — MocaoiHas rneyarb Mojie-
mu Ha 3D npuntepe [11] (puc. 1). B otnnuue ot
MIPOU3BOJICTBA CTAHJIAPTU3HUPOBAHHBIX MTPOAYKTOB,
9Ta TEXHOJIOTHS Jaja BO3MOXXHOCTH IIPOU3BOJIUTH
MIePCOHAN3UPOBAHHBIC TPOIYKTHI, alallTHPOBaH-
HBIE TI0JT oJib3oBaress [20].

C romamu 3D-meyaTh COBEPIICHCTBOBAJACH,
CTAaHOBUJIACh NOCTYIHOH. OHa cTaja BHEAPATHCS
BO Bce c(epbl MPON3BOACTBA, COBEPIIUB, KaK IMH-
IIyT HEKOTOPBIE aBTOPBI, «IIPOMBIIIJICHHYIO pe-
BOJIFOIIHMIO JUTSI HTUPPOBOH dmoxu». OQHAKO CUCTe-
Ma MacCOBOTO CTaHJIAPTU3UPOBAHHOTO MTPOU3BO/I-
cTBa ewie a0Jro OyneT JOMUHHUPOBATH B IPO-
MBIIJIEHHOCTH. TexHomorus ke 3D mewatu BoC-
TpeOoBaHa B T€X OTPACIX, TIe €CTh NOTPeOHOCTh
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Ha KomnbLOTEpE
3D-mopenb

du3nyeckas moaenb
13 nonumepa

Mocnoithaa neyatb 3D-mopenu

Puc. 1. Ilpouecc 3D-neuaru

B MIEPCOHATM3AIMY UJIH B TE€X CIydasx, KOTaa u3-
JIersl HEBO3MOXKHO €O37aTh C TIOMOIIBI0 OOBIY-
HBIX TEXHOJOTWUH, K MpPUMEPY, B a’3POKOCMHYE-
CKOM MPOMBIIIJIEHHOCTH, B MOJTHOM MHIYCTPUH U
Mmenunuue [9].

B MenunmHe anqguTUBHBIC TEXHOJIOTUHU TIEPBBI-
MH HallId TPUMEHEHUE B OPTONEAMYECKOU CTO-
maronoruu [4]. 3arem OBICTpPOE HPOTOTUIUPO-
BaHME HAIIO CBOE IPUMEHEHUE B XUPYPTUH, T10-
SIBUWJIKNCH HANpaBJICHUS, CBS3aHHBIC C 3aMEHOU
pe3enrpPOBaHHBIX OPTAaHOB HMILIAHTAMHU, B TOY-
HOCTH TOBTOPSIOUIMMU YIaJICHHbIE YacTH Tela.
CrenyoomuM TMEepCIEeKTUBHBIM HAIPaBICHUEM B
MenuiuHe ctain 3D-OHONMpPUHTHUHT — «IeYaTm»
JKUBBIMHU KJIETKAMHM HA CHHTETHYECKYIO WJIU IO-
JICaXapUIHYI0 MaTPHILy, Ha KOTOPYIO BO3JIaTaf0T
OonbIMe HaACK Bl TpaHcIuianTonory [38]. Omy-
THMBIE PE3YNBTAaThl B 3TOM HAIpaBJICHHUH, BO3-
MOXXHO, OYAyT IOCTUTHYTHI B ONVIKAWIIINE TOMBI.
B 10 e BpeMst HEKOTOpBIE aBTOPHI IPEAOCTEpEra-
OT OT YPEe3MEpPHO 3aBBINMICHHBIX OXKHIAHUU OT
JAHHOM TEXHOJOTHH, HECMOTPsI HAa 3HAUUTEIbHBIE
ycrexu 3D medatn B MeOUIMHE, yKa3bIBas, 4TO
noTpedyercs onpelneleHHOe BpeMs, TIPEkK/Ie YeM
yIacTCsl OKOHUYATENbHO CIPAaBHUTHCA C HEPEIICH-
HBIMU TIpoOnemamu [8, 16, 30, 33].

HampaBnennem, B KOTOPOM TEXHOJIOTHS ObI-
CTPOTO MPOTOTHUITUPOBAHUS HaIllJIa CBOE TPUMEHE-
Hue B MmeaunuHe B 1990-x rogax u cTpeMUTEIbHO
pa3BuBaeTcs B mocinennaue 10 Jet, cTano iaHupo-
BaHHWE XWUPYPTHUYECKUX OIEepalyii ¢ MCIOJIb30Ba-
nuem 3D-moneneit [11]. BnepBrsie BO3MOXKHOCTH
TpEeXMEPHOU TeJaTH I TUIAHUPOBAHUS XUPYPIH-
YECKHUX ONepaluii ObUTH MPOASMOHCTPUPOBAHBI B

90-X Tomax MpOIUIOTO CTONETHS. DTO OBLIN €Iu-
HUYHBIE COOOIICHUS, CBSI3aHHbIE C IJIAHUPOBAaHU-
eM olepanuii M OTpabOTKOW TEXHHYECKHX JeTa-
nelt onepanuu Ha 3D-Mozensix B KapAuOXUpypruu
[25,30], tne HykHa ocobass aHATOMUYECKAs TOY-
HOCTh. EMHCTBEHHBIM HEOCTATKOM METO/A CUH-
Tajuach CJIMIIKOM BBICOKas CTOMMOCTH Tpexmep-
HBIX MOjieNiell JUIsi OMHOKPAaTHOTO NMPUMEHEHUs, U
CTaBWJICS Jla)Ke BOIPOC O IIeJIECOOOpPa3HOCTH Ta-
kot pabotsl. I[To mamasiM Mendez BM. 2015 [16],
pou3BoAcTBO 3D xupypruyeckux Moneneil npu-
BOJIUT K YBEJIMYEHMIO OTEPallMOHHBIX 3arpaT (10
4000 $), a Bpemst COOPKH MOJICITH MOXKET JITUTHCS
2-3 nenenu. OnHAKO, 110 Mepe yACUIeBIEHUS TeX-
Hojoru#, 3D-miaHupoBaHue ornepamnuid cTajio
OBICTPO pacrnpocTpaHsIThCA MO BceMy Mupy [25].
CerofHs 3TOT METOJ MPUMEHSIOT NP TUIAHUPOBA-
HUW TPYAHBIX OMNEpalyii Mo IMOBOAY aHOMAIWN
Pa3BUTHS, CIOXKHBIX MEPEIIOMOB MIIM PACIIPOCTpa-
HEHHBIX OITyXOJIeH; JJIsi TOTO YTOOBI TOYHEE pac-
CMOTpETh MATOJOTHYECKUH o4ar M3 pazIndHbIX
TTOJIOKEHUH, OMPENETUTh JOKAIH3AINIO OMACHBIX
30H, PACMOJIOKEHHE COCYAOB, MPUIETAaHUE COCEJI-
HUX opraHos [19, 27].

Tpu HEe3aBHCHMBIX dKCTiepTa u3 BennkoOpura-
Huu B 2014 rony U3y4uiM ONbIT IPUMEHEHHS BUP-
TyajdbHOro 3D-1miaHupoBaHUsA B OHKOJOTHYECKOU
npakTuke Bo Bpems 220 omepauuil y OOJBHBIX C
OITyXOJISIMH TOJIOBBI W 1ien [23]. OHM oTMeTniIn
MPEUMYIIECTBA METO/Ia: TOYHOCTH PEKOHCTPYK-
unn (93 %), CHUKEHNE HHTPAOTIEPAIIMOHHOTO Bpe-
menn (80 %) u mpoctoty ucnonb3oBanus (24 %).

Hexotopsie aBTopsl [5, 29], cpaBHuBas padoty
Ha 3D-Monmenu u paboTy Ha TPyTE B KAa4€CTBE Tpe-
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2D cpesbl 2D cpe3bl KomnbtoTepHas 3D neyatb 30HbI Ocsizaemasn
(nepBuyHbIe) (o6paboTaHHbIe) 3D mogenb NHTEpeca 3D mopenb

Puc. 2. [Ipumepnas cxema nocrpoenus 3D moxpenu o l{anerxo C.B. ¢ coast, 2014

JOTIepalliOHHON OATOTOBKH, OTAAIOT MPEnouTe-
HUE€ TIePCOHATM3NPOBAHHON MOJENH, apTyMEHTH-
pPysl CBOE 3aKJIIOYCHHE TE€M, YTO Ha HEH MpencTaB-
JIeHa B TOYHOCTH Ta MATOJIOTHUS, KOTOpasi UMEETCs
Yy XHPypPrU4ecKOro OOIBHOTO CO BCEMU aHATOMH-
YECKUMH OCOOCHHOCTSIMH, & TaK)Ke CPaBHUTEIBHO
0O0JIbIIeH TOCTYITHOCTHIO M MEHBIIIEH CTONMOCTBIO.

[Ipouecc W3TOTOBJICHHS MEIULUHCKON
3D-Mozmenu Ui TIaHUPOBAHMS OTEpaIii COCTO-
WT U3 HECKOJBKHX 3Tanos (puc. 2) [5].

Ha mepBoM atare npoucxonut GopMHUpOBaHUE
Habopa METUIIMHCKIX N300paKeHUH, KOTOpHIE TI0-
smydensl npu KT wnu MPT u coxpansiorcs B Buzie
2D-cpe3oB B dopmare manaeix DICOM [35]. Ka-
YeCTBO M TOYHOCTh PEKOHCTpyKUuH 3D-momenu
HaNpsSIMyI0 3aBHUCAT OT KavyecTBa IONyYEHHBIX
MIEPBUYHBIX METUIIMHCKUX M300paKeHUM, B CBSI3U
C YeM il OTOOpakeHUs] TOHKUX JieTaneld peKo-
MEHJTyeTCsI MCIOJIb30BaTh KOMIBIOTEPHBIH TOMO-
rpad WIM MarHUTHO-PE30HAHCHBIA ToMorpad c
«mrarom» meHee 1 mM. Ha BTOpom aTame Habop
nonyueHHbIX 2D-n306paxenuii B8 DICOM-dopma-
T€ ToJiBepraeTcs 00paboTKe C IeNbI0 YIydIlIeHUs
WX KauecTBa, a IMEHHO TOBBIIICHUS KOHTPACTHO-
CTH, YETKOCTH, (QUIbTpaly myMoB. Ha TpeThem
JTane MPOUCXOANUT PErUCTPANNS YIIyUIIEHHBIX Me-
JULUHCKUX M300paKEHUH C LIEJBI0 UX TPHUBEICHUS
K eIuHOHN cucteme KoopawHaT [1] ¥ BEIOTHEHHE
CerMeHTaIuu s GOPMUPOBAHUS TOYHOUM aHATO-
MHUYECKON KoMIboTepHOU 3D-Moxenu. B pesynb-
TaTe MareMaTH4ecKoro MOJICIHPOBAHHS ITOBEPXHO-
CTU TOJy4YaroTcss HU(POBbIE BOKCEIBHBIE MOACITH
B hopmare STL (Stereolithography). [13]. I[Ipeo6-
pazoBanue DICOM-paiinoB B STL dopmar 3anu-
maet okono 30 munyT [12]. Ha geTBepTOoM 3Tame
pexoHCcTpyupoBaHHas 3D-momens wucmonb3yercs
XUPYPIroOM ISl AETaJIbHOTO OCMOTpa 30HBI HHTEpe-
ca C ILEJpI0 aHalmM3a €€ TEOMETPHUECKUX pa3Mme-
POB, CHHTOITUH, BBISIBJICHUSI aHOMAJIMK U OTKJIOHE-

HUI B cTpoeHud. [lociie peKOHCTPYKIIMHA KOMITbIO-
tepHoil 3D-mozenu u GopmMHupoBaHMS TUATHO3A,
Ha TIISITOM 9Tane MPOUCXOAUT HUMITIOPTHPOBAHHE
mozaenu B CAD-cucreMy [Jist Ipe10CTaBICHUS XU-
pPYpry BO3MOXXHOCTH MAaHUIyJUPOBAHUS BUPTY-
anpHBIM m3o0paxkenueM [32]. Ilpm HEeoOXommmo-
CTH, €CJIM TOr0 TPEOyeT XapakTep TPaBMbl WU
marosioruu namnuenta, B CAD-cucrteme mo momy-
yeHHOU 3D-Monenu pazpabarbIBaeTCsl HleanbHas,
nepconuduuuposannas 3D-moxmens oprana. Ha
3aKITFOYMTENIEHOM JTare IUQpoBas KOMITBIOTEpPHAS
TpexXMepHasi MOJICNb TIEPEeAacTCsl Ha MPUHTEP, KOTO-
pPBI IO TEXHOJOTHH OBICTPOTO MPOTOTHUIIMPOBA-
HUSI CO3JAeT MepcoHanu3upoBaHHyo 3D-moznens
[18].

CyuiectByromue TexHonoruu 3D-nevaru oTiau-
YaloTCs APYT OT JApyra MO TUILY TPOTOTHUIHPYIO-
Iero marepuaja W crmocobaM ero HaHEeCeHHS.
HauGonbiiee pacnpocTpaHeHUE MONYYHIIA TaKue
TexHojorun 3D-mewyatn Kak crepeonuTorpadus,
JIa3epHOE CIIEKaHUE TOPOIIKOBBIX MaTepHasoB,
TEXHOJIOTHS CTPYWHOTO MOACIHPOBAHMUS, ITOCION-
Hasi Me4Yarh paciuiaBJIEHHOW MOJTUMEPHON HUTHIO,
TEXHOJIOTHUS CKJICUBAHUS MOPOIIKOB [11].

Cmepeonumoepagus (SLA, Stereo Lithography
Apparatus cokpaméHHo) — HauOoJee pacrpo-
cTpaHeHHbIH Bua 3D-meuatu Omarogapst HU3KOM
cebecTonMOoCTH TOTOBBIX u3aenuid. [Ipu atom cka-
HUPYIOIAsi CUCTEMA HampasysieT Ha GoTomnonuMep
JIa3epHbIN J1y4, O] AEHCTBUEM KOTOPOrO MaTepu-
an tBepjceT. B xauectBe poTomonumepa UCIONb-
3yeTcsl XpyIKHi U TBEPIBIN MONYNPO3payHbIi Ma-
Tepuai, KOTOPBIN JEeTKO CKilenBaeTcs, o0padarTki-
BACTCS U OKPAIINBACTCS

Jlazepnoe cnexanue nopouiko8wvix mamepua-
nog (SLS, Selective Laser Sintering) siBisieTcs
€IMHCTBEHHOM TexHojorue 3D mewyaru, KOTO-
past MOKeT OBITh MCIIOJB30BaHa JUJI U3TOTOBIIE-
HUs MeTtasmuueckux gopm. B SLS mewatu wuc-
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MOTB3YIOTCS  TaKKe KepaMuKa, MOPOIIKOBBIN
minactuk. IlopomikoBble Marepuansl HaHOCATCS
Ha TOBEPXHOCTHh pabodyero CToyia W 3armeKaroTcs
Ja3€pHBIM JIy4OM B TBEPABINA CI0H, COOTBETCTBY-
omui cedenno 3D mMomenu W OmMpeneNsIonui
€€ reOMETPHUIO.

IHocnotinas newams pacniagienHol noaumep-
noti humoto (FDM, Fused Deposition Modeling) —
JMOCTYyNHbIM Bua 3D-npuHTHHTA, NPOU3BOIUTCS
CIIeTyIONINM 00pa30M: BBIAABIHMBAIOIIAST TOJIOBKA
C KOHTPOJIMPYEMOH TeMIepaTypoll pa3orpeBaer
JI0 TOMY>KHAKOTO coctosinus HUTH 3 ABC ma-
CTHKa, BOCKAa WJIHM TMOJWKapOOHAaTa W C BBICOKOH
TOYHOCTBIO MOJAET IMOIYUYEHHBIN TEPMOIIACTUY-
HBI MOJICTUPYIOIIUI MaTepuall TOHKUMHU CIOSIMU
Ha pabouyto nmoBepxHocTs 3D mpunTepa. [9].

Texuonoeus cmpyiinozo mooenuposanus (Ink
Jet Modelling) umeeT crienyromnue 3anaTeHTOBaH-
Hele moaBunabl: 3D Systems (Multi-Jet Modeling
nmu  MJM), Polylet (Objet Geometries wnn
PolylJet) u Solidscape (Drop-On-Demand-Jet uiun
DODJet), xotopsie (pyHKIIMOHUPYIOT MO OTHOMY
NPUHIUIY, HO KaXJash U3 HUX UMEET CBOU OCO-
O6ennocTtu. Jlns mewaTm MCHONB3YIOTCS TOJ-
JIEPKUBAIOIINE W MOJACIUPYIOIINE MaTepHabl.
K umcny noanepxuBaromux MaTepHaloB dalle
BCETO OTHOCAT BOCK, a K YHCIY MOJEIUPYIO-
UX — IIUPOKUN CHEKTP MaTepUajioB, OJM3KHX
[0 CBOWIM CBOWMCTBaM K KOHCTPYKIIMOHHBIM Tep-
mortacraM. [leuataromas ronoska 3D npunrepa
HAHOCUT MOJJIEPKUBAIOIIMNA W MOJEIUPYIOLIUN
MaTtepuanbsl Ha pabodyio IMOBEPXHOCTH, IOCIE
4eTo TPOMU3BOAUTCA HX (HOTONMOIUMEpPU3ALHS
U MEXaHWYeCKOe BbIpaBHUBAaHWE. [EeXHOIOTHSA
CTPYWHOT'O MOJEIMUPOBAHUS MMO3BOJIAET MOIYUUTh
OKpalIeHHbIE W MIPO3PAYHbIE MOJEIH, KaK MITKUE
pe3uHONOA00HbIE U3EIHs, TaK U TBEPABIC, TOXO-
JKUe Ha IJIACTUKH.

Texnonocus cxaeusanus nopowkog (binding
powder by adhesives) mo3BosisieT He IPOCTO CO3-
aBaTh OOBEMHBIE MOJENH, HO M PacKpallnBaTh
ux. [lpu 3TOM UCTIONB3YIOT JBA BHUJIa MAaTEPHAIIOB:
KpaxMaJIbHO-IIEJITIONO03HBINA MMOPOIIOK, U3 KOTOPO-
ro GopMmupyercss MOAeNnb, W KUAKUK KIeH Ha
BOJIHOW OCHOBE, MPOKJIEMBAIOLINN CJIOU MOPOLIKA.
Kne#t moctymaer u3 mewararomei rojoBku 3D
MIPUHTEPA, CBS3BIBAS MEXKIY COOOHW YaCTHIIBI TIO-
poiika u GpopMupyst KOHTYp mMozaenu. YToOsl mpu-
JIaTh MOJIEIH JIOTIOTHUTENBHYIO TPOYHOCTD, €€ My-
CTOTHI 3aJIMBAIOTCA KUJIKUM BOCKOM.

Bce Brieonucannele TexHogoruu 3D-nevatu
MPUMEHHUMBI IJI ONEPALMOHHOIO TIAHUPOBAHMUS,
WX BBIOOD 3aBUCHUT JIMII OT TOCTYITHOCTH U TIPEJ-
MOYTEHUS aBTOPOB [7].

Ucnonp3ys 3D momens B KauecTBe IIalioHa,
Opuraga XUpyproB THIATENFHO OTpadaThIBaeT Ha

HeW BaKHeWIIMe 3Tanbl MPEACTOSALICH ONMepalui,
C YYETOM MHAMBUAYaJbHBIX aHATOMHUYECKUX 0CO-
OCHHOCTEW CTpOEHWs OpraHa, ero TUIa Kpo-
BocHaOxeHuss n uHHEepBauuu [26,30]. Bo Bpems
MIPOBENICHUS OTepanuu TpEXMEpHas MOJENb CIy-
KUT XUPYPTY B KA4ECTBE BCIIOMOTaTeIIbHOTO CPEJI-
CTBa OpHeHTaluH. DPPEKTUBHOCTh ONEpaliy Ha
3D-Mozenu mocTUraeTrcst 3a C4YeT MHOJIHOM HIEH-
TUYHOCTH 30HBI XUPYPIHUECKOTO MHTEpeca ¢ op-
raHamm TmanweHTa B macmTabe 1:1. Ilpm stom
YMEHBIIAIOTCSI BPEMEHHBIE 3aTpaThl Ha ONEepaluio
3a CYeT CIaXeHHOW paboThl XMPypruveckon Opu-
rajipl, CHWIKAeTCS JUTUTENbHOCTH Hapko3a. Ilo
MueHuto Singhal A.J. et all. 2015, npu 3TOM BHIIE
oTieparuy SKOHOMHTCS 110 2/3 BpeMenu [27].

3a nocnennue 10 et MeTon npeaonepanuoH-
HOTO IIJIAHUPOBAHUS C UCITOJIb30BAHUEM TE€pPCOHA-
JIM3UPOBAHHBIX MOJIEIICH HaIlle] CBOE IPUMEHEHHUE
B KapIUOXUPYPruu, B TPAHCIUIAHTOJIOTHH, B TLIa-
CTUYECKOW W PEKOHCTPYKTUBHON XUPYpPTUH, TPaAB-
MAaTOJIOTUH, YPOJIOTUH U BO MHOTHX JPYTUX oOna-
CTSIX, O YeM HHUXKE COOOINAIOT aBTOPHI U3 Pa3HBIX
CTpaH, OTMeYas MpU 3TOM NPEUMyIlecTBa U HENO-
cTaTku maHHoro meroxa [3,10,12].

Kapaunoxupypru Cankr-IletepOyprckoro nemn-
arpudeckoro yuusepcuteta B 2016 r. mpoomepu-
poBasiM MmilajieHlla ¢ aHoMmanued Tayccur-bun-
ra — peaKuM MOPOKOM ceplia, IpU KOTOPOM OT
MIPaBOTO JKEIyA0UYKa OTXOAHT M a0pTa, U JeTouHas
aprepus [37]. Xupypru Ha 3D-Moznenu yTOUHUIU
CTPYKTYypy MOTOKa KPOBU BHYTPH CEep/Iia, CIIJIaHU-
poBaNM BCE ATAlbl XUPYPTUYECKOTO BMEIIATENb-
CTBa M OTpabOTaNM TEXHHUKY MPOBEICHUs Orepa-
nuu. Ilo maHHBIM NETCKUX KapAHOXHPYPIroOB, B
20-30% momoOHBIX cilydaeB MOTpeOyeTcs TO-
BTOpHAs OIepaiusi, eciii He MCIOJIb30BaTh TPeX-
MepHYyI0 Tieuats (puc. 3).

Puc. 3. Ilepconanusuposannas 3D-monens cepaua
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Bnepssie B Mmupe 3D-Monens cepama ObuT0 Ha-
neuyarana B CHIA B utone 2013 r. [39]. Xupypru
COOOIIMIIM, YTO TpEeXMepHash MOENb MO3BOJIAIA
UM HM3yUYUTh CTPYKTYPY Cepiua mepes onepanueit
JIByXHENECIbHOTO pPEOCHKAa C MHOXKECTBCHHBIMHU
MMOPOKaMHU M C HEOOBIYHBIM PACIOJIOKEHUEM Ka-
Mep cepaua. B panpHelilneM AETCKUE Kapauo-
xupypru u3 Uwanumaartan [40] cooOmmin o
20 ycmemHbIX OMepalusx Ha Cep/le, BBHIIOTHECH-
HBIX IOCJIE XHUPYPrU4yeCKOro IJJaHUPOBAaHUSA Ha
3D-monenu cepaua ¢ KCMOIb30BAHUEM AJIACTHY-
HOro Marepuana. BpICOKON OLIEHKH 3aCiTy’KHBaeT,
[I0 UX MHEHHIO, BO3MOXHOCTH 3aIlIaHUPOBAaTh
BMEIIATEIbCTBO, MPEIYIPEAUTH BO3MOXKHBIE OC-
JIO)KHEHHUST M pa3paboTaTh MakCHMaIbHO 3 dek-
TUBHBI TOAXOJ K MPOBEICHUIO PHUCKOBAHHBIX
oneparnuii. Kapauoxupypr Andrew Powell u3 bo-
CTOHCKOTO JETCKOro rocoutais lapBapackoro
yHuBepcurerta [41] cunraet, 4TO BU3yanu3anus —
3TO camasl CIOXHas 3aJada, KoTopasi CTOUT Iepes
KapauoxupyproM. HMcnonb3oBaHHE BUPTyalbHOU
nmn pusnueckorr 3D-Momenu olyerdaer omepa-
M0, TaK KaK HET HEOOXOJMMOCTH MBICICHHO
MPEACTABIATh CTPOCHHE CEPJIla HA OCHOBE JBYX-
MEpHBIX aHTHOTPaMM M 3XOoKapauorpamm. Takoe
IJTAHUPOBAHUE TAK)KE ITOMOTAET ONMPEICIUTh Hau-
Oojee OoNTHMaIbHOE MECTO IIJISi YCTAaHOBKH KJla-
[IAaHHOTO anmnapara Ipu ero 3aMeHe.

Hewmernkne kxapamoxXupypra W3 yHUBEPCHTET-
ckoii kinHUKKW MronxeHa B 2008 T. BBINOIHUIU
TPAHCIUIAHTAIMIO Cepiala peOCHKY, MpeaBapu-
TEJIbHO MPOBEs TUIATEIbHOE MJIAHUPOBAHUE OTIe-
pauuu Ha CO3MaHHOM ang 3Toi uenu 3D-monenu.
Hoxrop Sodian R. et al.,2008 [28] coobmaer o
TOM, YTO TPEXMEPHOE MOICIMPOBAHUE TOMOIIO
pa3paboTrars ONTUMANbHBIA XUPYPTUUECKUHA TOA-
XOJI K OTIEpalliy U 3HAYUTEIHHO OOJIErIHII0 TIOHU-
MaHHE CI0XKHOW aHAaTOMHUU y JAHHOTO MAallUCHTA.

Kuraiickue Bpaun n3 Changchun [42] B 2014 1.
COOOIIMIIM O IPOBE/IEHUU YCIICITHOW OTIepalluy Ha
OTKPBITOM CEPJIIC C UCTONIb30BaHueM 3D-mevarn,
MOAYEPKHYB MPHU 3TOM, YTO MOTPATUIU B 2 pasa
MEHBIIIE 3aIUIAHUPOBAHHOTO BpeMeHu. Omneparms
OblJla C YCIIEXOM IPOBE/CHA JECBATHMECIIYHOMY
PEOCHKY € TSAKEIIBIM IIOPOKOM Cep/Iiia: C aHOMaJIH-
ell pacroJIO)KEHHUsI JIErOYHBIX BEH, HE HMMEIOIIUX
COOOIICHHSI C JICBBIM MpeAcepaueM, ¢ ne(eKToM
MEXIpenacepaHo meperoponku. C  TOMOIIBIO
3D-Monenu Bpauu HaIJISIAHO Pa3bsICHUIN POIUTE-
JISIM XOJ| CJIOKHOTO BMellaTelabcTBa. B nanbpHei-
[IeM MOJEIb MCIOJb30BaNIaCh It 00ydeHHUs CTy-
JIEHTOB U MOJIOJIBIX Bpauei.

B yHuBepcHUTETCKONW KIMHUKE B XEJIbCHHKHU
[43] ObLTO TIPOBEACHO MPEAOIIEPAIIMOHHOE TIaHH-
poBaHme ¢ mpuMeHeHueM 3D-TeXHOIOT Il IpH Mo-
BTOPHOM Ollepaliy Ha CEpAlle y MalUeHTa ¢ aTpu-

OBEHTPUKYISPHBIM fedextom. Kapauonoru otme-
TWIM, YTO TPU TAKOM METOJIE IUIAHUPOBAHUS
omepanus Oonee Oe3omacHa, MOCKOIBKY HMEETCS
BO3MO)KHOCTH MOJ100paTh TOUHBIN pa3Mep Karere-
POB, NpENBapUTEILHO IIPOBEPUB UX HAa TAKOM K€
KaK y MalueHTa MOJEIIN CepAlla C ero YHUKaJIbHbI-
MU aHaroMuuyeckuMmu aedexramu. JJokrop Juha
Sinisalo oTMeTHy peWMyIIecTBa TAKOTO IUIAHU-
pOBaHUS: COKpaIEHNe JIUTEIHbHOCTH ONEPALNH U
CYLIECTBEHHOE CHIJKCHHE JIyueBOM HArpy3ku Ha
nanuenTa. OUHCKUE CHENHMATUCTBl YTBEPHKIAIOT,
YTO MOTPEOHOCTH B IPUMEHEHHUH TAaKOTO Ipeore-
PalMOHHOTO IUIAHUPOBAHUS B KapAHOXUPYPruu
OyZeT ToJIbKO Bo3pacTaTh. J[o 9Toro ciydasi TeXHO-
sorust 3D-nedaty B 3TON KIMHUKE C YCIIEXOM IIpHU-
MEHsUTach TpW IJIAHHUPOBAHWUW ONEpanuii B ue-
JIIOCTHO-JINLIEBOM XUPYPIHUH.

ABCTpanuiickue KapAHOJIOTH COBMECTHO C HH-
KeHepaMH MenpOypHCKOTO  yHUBEpPCHTETa B
2016 1. pa3zpaboranu metox 3D-nedatn kopoHap-
HBIX apTepuil TUaMETPOM «TOHBIIIE YeJIO0BEYECKO-
IO BOJIOCA» C UCIOJIB30BAHUEM «CYNEPKOMIIBIOTE-
POB» CO CBEPXBBICOKMM paspeuieHuem [44]. Hame-
YaTaHHBIE TAKUM 00Pa30M COCY/IbI HCTTOIB30BAINCH
JUIS N3TOTOBIICHHSI MHAUBUAYAIbHBIX CTEHTOB, KO-
TOpBIE JIyYIlleé BCETO MOAXOASAT AJIs KaKIOTo OT-
nenpHOTO TanmeHTa. [Ipodeccop Barlis momuep-
KHMBaeT BaKHOCTb MHIWBUAYAIBHOTO TUIAHUPOBA-
HUS IIepe] CTEHTUPOBAHUEM, IIOCKOJIBKY, C €ro
CIIOB, «HE CYIIECTBYET JBYX apTepHil, HMEIOINX
OJIMHAKOBYIO (hOPMY», IMO3TOMY HEOOXOAMMO HC-
[0JIb30BaTh MEPCOHAIM3UPOBAHHBIC TPEXMEPHBIC
MOJIETIH JUIsl YCTAHOBKHU TMAIlMEHTY HaMIy4dIlIero
TUIIA CTCHTa».

B BenukoOputanuu B 2015 . mpoBenu ycnemn-
HYIO TIepEecajKy IOYKH TPEXJETHEH JeBOYKE C
npumeHennem 3D-mmanupoBanus. CooOuiaercs,
YTO Tepej] e MPOBEACHHEM OBIIM HaredaTaHbl
TOYHBIE TPEXMEPHbIC MOJEIH OPIOIIHON MOJOCTH
pebcHKa M TepecakMBaeMoro el JOHOPCKOTO
oprafa. DTO TO3BOJIIUIO BpadaM W3 OOILHHUIIBI
St Thomas' Hospital mousite, kak OyaeT pacmosna-
raThCs MOYKa B3POCIOTO YeJIOBEKa B Telie pedeH-
ka. Xupypr Pankaj Chandal, npoonepupoBaBmnii
JI€BOUYKY, CUMTACT, YTO MpEJBapHUTEIbHas Me4Yarh
TPEXMEpPHOI MOJeNHn cliesaia NPOBEACHHUE CIIOXK-
HOH ollepanuy MO TpaHCIUIaHTaluKu Oosiee 6e30-
MMacCHOW — Bpayd OBUIM TOATOTOBJICHBI W JICH-
CTBOBAJIM M0 3apaHee pa3padOTaHHOMY IJIaHY
[45].

Kuraiickue Xupypru OeTCKOro TOCHUTAISA
npu yHuBepcutete Fudan University Children's
Hospital 8 2015 1. BocTI0/1b30BaTMCh TEXHOJIOTH-
el 3D-mewarn mnepex omnepanuen pasieseHHs
12-HeAeTBbHBIX CHAMCKUX OMU3HEIIOB CO CPOCIIH-
Mucs OepaMu U HUKHEH 4acThiO IIO3BOHOYHHMKA.
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Kpome Toro, y 6mu3HenoB Oblu o0mue HUKHUE
oThenbl KuimeyHuka. Omepanus mo uUx pasjele-
HUIO JUIHJIACh TSTh YacOB WM TPOILIA YCIIEIIHO,
YeMy CIOCOOCTBOBAI, 10 MHCHHIO XUPYPIOB, OIl-
TUMaJIbHBIA BapuUaHT MPOBEIACHUS OIECpaliu,
MpeABapUTEIbHO OTPabOTaHHBIH Ha OOBEMHOU
mojenu [46].

SAnonckue HeWpoxmpypru u3z Saga Medical
School [6] cooOmIKM 06 UCITOIB30BAHUN HaIlEUa-
TaHHOW OOBEMHOW MOJIENH depemna Il Mmpeaore-
pPallMOHHOTO TUTAHUPOBaHUS y 7 OONBHBIX C 4e-
PEIHO-MO3rOBBIMHU MOBPEIKICHUSIMH. ABTOPBI OT-
MeJaiu YAOOCTBO HCIIONB30BAaHUSA (PU3HUECKON
3D-Monenu yepena B CpaBHEHHH C KOMITBIOTEp-
HBIM TpaduuecKuM H300pakeHneM. Xupyprude-
CKOC ITUIAHMPOBAaHUE C HCIIOJIb30BaHUEM (HU3u-
YECKHUX MOJIeJIe, II0 MHEHUIO HEUPOXUPYPIOB,
MO3BOJISIET Jy4llle OPUEHTHPOBATHCS B CIIOXKHOU
AQHATOMHHM OCHOBaHHWsl uYeperna U IMOMOraeT CHH-
3UTh YUCJIO XUPYPTHUECKUX OCIOKHEHUH.

3D-moaenupoBaHue MOMOraeT MpOBOJUTH OIle-
panuu pa3HoOW CIOKHOCTH, B TOM YHCIIe, UCTIPaB-
JIATh YENOCTHO-JIMIEeBbIe aHOManuu. Bpaun bo-
CTOHCKOTO JETCKOTO TocruTais [47] 3a HECKOIBKO
MeCSIIeB TOTOBWJIHCHh K CIIOKHOH OIepamnuy Ha
nune pebeHKa C pacIIeTMHON BEpXHEH YeloCTH
npu TOMOIIM pacrnedyaraHHol Ha 3D-npunTepe
MOJIeTTd — TOYHOU konuu e€ yepena. Cama omnepa-
LIMs, TI0 MHEHHUIO XHPYPIrOB, MPOIIA YCIEUIHO C
MUHUMAaJIbHOW 1oTepeil BpeMeHH (puc. 4).

Voo

\ : 2
\ I, 2 S

Astopsl u3 HOxno#t Kopeu [11] mpoananuzu-
poBanu nanHeie Oonee yeM 500 BBITIOITHEHHBIX Ye-
JIIOCTHO-JIMLIEBBIX ONEpalMi ¢ TMpeonepanuoH-
HBIM HCTONIb30BaHueM 3D-momeneid. Pesymbrarhbl
OonpIIOro YKcia HaOII0AeHHI TOBOPAT O HEOCIIO-
PUMBIX TPEUMYIIECTBAX MPEJONEPAHNOHHOTO
3D-MozmenupoBaHus Niepes] IpyruMH BHIAMU TL1a-
HUpoBaHUs. BmecTe ¢ TeM nmomyepkuBaercst HeoO0-
XOIMMOCTH PabOThI HAJ YIy4IIEHHEM pa3peraro-
el cmocoOHOCTH MPHUHTEPOB sl 00BEMHOTO
MOJIETTUPOBAHNA U Ha/l BOIIPOCOM CHIKEHHUS CTOU-
MOCTH METOJIUKH.

Heiipoxupypru u3 'epmanuu [19] cooOuunu
0 pesylbTaTax oOInepanuu 52 TMarHueHTOB C
3D-nnanupoBaHueM, KOTOpbie ObLIH pa3eaeHbI
Ha 3 rpynnel. | rpynma (26 manueHToB) HY X 1a-
Jach B KOPPEKTHUPYIOMIEH KpaHWomiacTuke: 1)
rmocjie pe3eKiuuu omyxoJjied kocrted (15 60yb-
HBIX) U 2) C BPOXKJACHHBIMU U TIOCTTPaBMaTH4e-
ckumu nopokamu (11 manumenrton); II rpymnna
(10 mammeHTOB) HYXJaJlach B PEKOHCTPYKTHUB-
Holl kpanmoruactuke; III rpynma (16 manuen-
TOB) — B CJIOKHBIX BMENIATENHCTBAX B OCHOBA-
HUU 4epena. Mojenu U3roTaBIMBaJINCh METO-
JIOM cTepeonuTorpaguu. ABTOPBl OTMEUAIOT
YMEHBIIIEHUE BPEMEHH OTEpaluy | YUCIa Ole-
PALlMOHHBIX OMIMOOK BO BCEX I'pymIiax, Mogdep-
KHWBas TpPH DTOM, YTO TPEXMEPHBIE MOEIHU
obecneynBaloT: 1) dydiiee MOHMMAHHE aHATO-
MHH, 2) WHTPAONEPALNOHHYIO TOYHOCTH JIOKa-

Puc. 4. OtpaboTka onepanun Ha IepcoHANU3upoBanHoN 3D-Monenu yepermna
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JHA3aLUU TMOPAXEHUH U 3) MOBBIIICHUE YPOBHS
0o6pa3oBaHus 00y4aeMbIX.

B Cankr-Iletepoyprckom PHUWTO coBmect-
HO ¢ coTpyaHuKaMu [lonnTexHuuecoro yHuBepcu-
tera B 2015 . OBUTO BBIMMOTHEHO MPOTE3UPOBAHIE
Ta300€PEHHOr0 CycTaBa ¢ MPUMEHEHUEM KOMIIO-
HEHTa  JHJONpOTe3a,  Hale4yaTaHHOTO  Ha
3D-npunTepe y NanueHTKy ¢ OOMMpHBIMU Aedek-
TaMU KOCTEH BEPTIIYKHOW BIIAJIMHBI U CIIOKHBIMHU
MIPUOOPETCHHBIMHU TepOopMausIMA KOCTEH Taza.
[Ipu sTOoM mpenonepaniMoOHHOE IJIAaHUPOBAHUE
MIPOBOAMIIOCH HA MOJIENH, CO3aHHONW METOJIOM Ce-
JIEKTUBHOTO JIa3€pHOro crekanus [48].

VYuenble TOMCKOTO NOJMTEXHUUECKOTO YHH-
BEpPCUTETA TaK)Ke MOMODIM Xupypram Tomckoi
00JIaCTHOW KIMHUYECKOW OOJBHMIBI YCHEIIHO
MIPOBECTH JBE OINEpaIil Ha TPYIHOIN KIIETKE OH-
KojoruyeckuMm mnanueHtam [49]. beutn cosnanbl
aHatromuueckre 3D-mozenu opraHoB U OmyxoJei,
IIPOBEACHO IUIAHWPOBAHUE ONEpaLy U pa3padoT-
Ka UMIUIaHTaTa pedpa 13 crjiaBa HUKENIHUa TUTaHa
¢ namsTbi0 Gopmbl. IlepBas onepauus ¢ ucHob-
30BaHMEM aHATOMHYECKHX Mojelsiell Obuia mpoBe-
JIeHa TAIMEeHTY C OMYXOJbI0 B 00JIACTH TPYAHOU
KJIeTKU. bputn ynanens! Tpu peOpa u nmpoussene-
Ha PEKOHCTPYKLHUs pedepHOro kKapkaca MMILIaH-
TaTOM M3 HHUKelIuJa TUTaHa. Bo Bpemsi BTopoi
ONepalMy MalMeHTy TaKKe yIaJWIh ONyXOJlb B
oOyacTu TpyaHON KiIeTku. Ha ctaanm mianuposa-
Husi Obula CO3/laHa KOMIBIOTEPHAs MOJENIb HM-
ninaHtata pebpa, MaKCUMaJIbHO TOJXOJAIIETO
KOHKPETHOMY HalMeHTy. DTy MOAEIb paciiedara-
nu Ha 3D-npuHTEpe U Mo Hel co3aanu UMIUIaHTaT
13 CIJIaBa HUKEINAa TUTAaHa, KOTOPBIM Iepecanu-
11 OOJILHOMY.

Kuraiickue xupypru [33] mpoBenu cpaBHH-
TEJbHOE MCCIIEIOBAHUE PE3yJbTaTOB OIEpalui
y OOJBHBIX C MOSICHUYHBIM CIIOHIMJIONHCTE30M
y 2 TpyII TanueHToB. 36 OOJBHBIM IPOBOIU-
Jlach CTaHJapTHas omepanus Mpu CHOHAMIIONE3E,
30 mammeHTaM — C  TPeAOINEpariOHHBIM
3D-monenupoBaHueM. ABTOpPbI HE BBIIBUIM CY-
IIECTBEHHBIX Pa3JINYUil BO BPEMEHHM OIepanuu u
KpoBomoTepu Mexay 2 rpynnamu (p>0,05), moka-
3aTe BOCCTAHOBJIEHUS BBICOTHI U CaruTTaJIbHOIO
yIJIa MKy II03BOHKAaMH B OIIBITHOM Ipymiie OblIx
3HAYUTENBHO JIydIlle, YeM B KOHTPOJILHOH rpyIie
(p <0,05), 9TO MO3BOJIMIIO ClIENIaTh BRIBOJ O JaJTb-
HEHIlIeM HCIOJIb30BAaHUH JaHHON METOIMKH, y4Uu-
THIBas, YTO PEHTIEHOBCKasl Harpys3ka IpU 3TOM
takxke Obu1a Hmwke (p<0,05).

HeoObuHoe mnpumenenue 3D-medaTd Hanum
Oopuranckue xupypru n3 Great Ormond Street
Hospital y pebeHka ¢ albBEOISPHBIM TPOTEHUHO-
3oM Jierkux [50]. bone3ns, kak u3BecTHO, TpeOyeT
IIPOMBIBAHUSI TPAXCOOPOHXUAIBHOTO JAepeBa IO0A

HapKO30M OOJIBIIUM 00BEMOM COJISTHOTO PacTBOpA.
Jnst oTpaboTKU JAeWCTBUE Bpadeid, OBICTPOTO H
3¢ (HEeKTHBHOTO TPOMBIBAHMS JBIXaTENbHBIX IIy-
Tel, OblIa HameyaTaHa TOYHAs PE3MHOBAs KOMUS
Tpaxeu U KPYIMHBIX OpOHXOB peOeHKa. ABTOPHI OT-
Me4alT Oe30MacHOCTb MPOLEAYypbl HPHU TaKOM
[JJAaHUPOBAHWN M CYIIECTBEHHOE COKpaIlleHue
JUTHTEITLHOCTH HapKO3a.

B 2016 1. B *xypHasne Surgery Obuta ormyOauKo-
BaHa 0030pHAs CTaThs, IJe T'pylnIna aBTOPOB aHa-
JU3UPYET pe3yabTaThl uccienoBanus 158 pazmnuu-
HBIX XHPYPTHYECKHX OIEparyii, MPOBEJICHHBIX B
cTaMoHapax ¢ npumeHeHueMm 3D-neuatu [15].
[Ipu sTOM TpexmepHas IedaTh HCIIOJIb30Bajach
JUTSL pa3HBIX TEJIeH: /IS TIOJIyYeHHs] aHaTOMHYe-
ckux mozener (m = 113, 71,5%) nns xupypruue-
ckoit Hapuramuu (1 = 40, 25,3 %), 11t co3manus
nMmianTaroB (m = 15, 9,5%) u npecc-popmsl
(m = 10, 6,3%), B mepBylo ouepenb B UEIIOCT-
Ho-nuueBbIX (11 = 79, 50,0 %) n opromnennyeckux
(m = 39, 24,7%) onepanuax. ABTOpbl OTMEYAIOT,
YTO HapsAy C OYEBUIHBIMHU MTPEUMYIIECTBAMHU Me-
TOJUKH, TAKUMU KaK COKpallleHHEe BPEMEHM Olle-
palnyu, UMEITCS TaKue HEJIO0CTaTKH, KaK JOIOJ-
HUTEJIbHBIC PACcXOJbl U BpeMs, HEOOXOAMMOE s
CO3/IaHMS TPEXMEPHON MOJENH, YTO JO0 CHUX TIOp
OTpaHWYMBACT €€ MUPOKOEe NMPUMEHEHUE B OOIb-
HUIaX.

BbiBO[Ibl

Ucnonb3oBanne 3D-meuatu s mpepomnepa-
[IMOHHOTO TUTAHUPOBAHHS OTEpAIldl  SBISETCS
MEepCIEeKTUBHBIM HampaBieHueM B meauiune. Co-
3IaHue TIEPCOHATN3UPOBAHHBIX MOJIECTICH BKITIOYa-
eT B cebs ckaHupoBaHue opraHoB Ha KT wumm
MPT, npeobpazoBanne DICOM-paiino B STL-
MOZeNb ¢ Moclenyouei neyarbo Ha 3D-npunTe-
pe. Bce cymectByromue crocoObl TpEeXMEpHOU
reyaTtu — cTepeonnTorpadus, jJa3epHOe CIeKa-
HHE TIOPOILKOBBIX MAaTepuajigoB, TEXHOJIOTUS
CTPYHHOTO MOJETHUPOBAHMS, IMOCIOWHAS IEYaTh
pacIIaBJIeHHOU MOMMEPHON HUTHIO, TEXHOIOTUS
CKJICUBAHMS TOPOIIKOB, JTAMUHUPOBAHUE JIHCTO-
BBIX MaTepPHAIOB — MOXXHO NMPUMEHSTH B IICIAX
MpeAoNepaluOHHOTO TUTAHUpOBaHus. Breibop 3a-
BUCHUT OT TIPEANOYTCHUS aBTOPOB M JOCTYITHOCTH
metonoB. Cos3mannbele Ha ocHoBe KT mmu MPT
3D- Momenu B TOYHOCTH COOTBETCTBYIOT CTpPOE-
HUIO OpPraHOB KOHKPETHOTO OOJBHOTO C YYETOM
TOJIBKO €My MPUCYIIUX OCOOCHHOCTEH CTpOCHUs
Y CHHTOITHH OJTM3JIeKauX opranos [2]. braroxga-
pa TpPEXMEpPHOMY IUIAHUPOBAHUIO, TMOSBISETCS
BO3MOXHOCTh MEPCOHU(HUKAIIMN MOJCIH U BCE-
CTOPOHHEN BU3yaJW3allMH 30HBI XHUPYPTUIECKOTO
nHTepeca. OTpaboTKa XMPYPruYeCKUX JAOCTYIIOB
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REVIEWS

U TIPUEMOB TIO3BOJISIET COKPATHTh BpeMs orepa-
ouu U JJIATCIIBHOCTL HAPKO3da, YMCHBIIUTL TPaB-
MaTH3aluio TKaHed u kposomoTepio [11]. [Ipemo-
nepanuonHoe 3D-ruiaHupoBaHue NPUMEHSETCS B
HauOoJIee CIOXKHBIX B TEXHHUECKOM IJIaHe cITyda-
X B KapIHOXUPYPTUH, UYEITIOCTHO-JIUIECBON XH-
pypruu, B TpPaHCIUIAHTOJIOIUH, YPOIOTUH, B OPTO-
neauu. B mepcrnekTuBe Takoi MeTo]| MiIaHupOBa-
HUs onepaum‘/i MOXET CTaTb CTaHAApPTOM IJId
orepanuii Jr00bIX BUIOB CIOKHOCTH Y B3POCIBIX
H JIETEH.

PSIZ[ ABTOPOB YKa3bIBACT HA TAKHWEC HCIOCTATKHU
METO/Ia, KaK JIOTIOJIHUTENIbHBIC PACXO/bl U BpeMs,
HeoOXOAMMOE ISl CO3/IaHUsl TPEXMEPHON MOJECIH
[6, 11]. OmHako, MO Mepe Pa3BUTHS TEXHOJOTHH,
€CThb OCHOBaHHs Mpeamnonaratb, 4ro 3D-tex-
HOJIOTHH CO BpeMEHEM Oy/IyT COBEPIICHCTBOBATH-
Csl ¥ CTaHyT OoJiee J0CTYMHBIMH B MeiuIInHE. Me-
ToJ 0€3yCIIOBHO NIEPCIIEKTUBEH, TPeOyeT HaKoTLIe-
HUSI OOJNBIIETO OINMbITA U JATBHEUIIET0 H3YUYCHHUS
[7, 28].

JIUTEPATYPA

1.  benskun C.A., XpimoB B.b., Xsimos M.b. u np. Pe-
KOHCTPYKIIUSI TTOCTTPAaBMATHUECKUX TOBPEXKIECHUH KO-
CTel uepema M JIMIEBOTO CKeJleTa C HCIOJIb30BAHHEM
l'lep(bOpI/IpOBaHHbIX TUTAHOBBIX IUIACTUH M CETOK. Bo-
CHHO-MEIUIMHCKUN JKypHalX: TeopeT. M Hayd.-TIPaKT.
KypH. 2012, Ne 12: 12-17.

2. bonpmakos O.Il. PazBuTne MeTOmOB M HampaBlICHHIA
aHaroMmuueckux uccrnenoBanuid. CI16.: Hayka, 2015.

3. y6posun B.H., bammpos B.U., ®dypman . A. u 1p.
OnTrMu3anust XUPypruaeckoro JOCTyIa IpU MpOBeEe-
HUHM PETPONEPUTOHEOCKOMHYECKOH ypPETEepPOTUTOTOMUN
C MpUMEHEHHEeM KOMIbIoTepHOH 3D peKoHCTpyKUHUU.
OKkcnepyuMeHTalbHas U KIMHUYecKas yposorus. 2013,
Ne 4: 86-89.

4. Tlonxosckuit JI. M. IlpuMeHeHne KOMIBIOTEPHBIX TEX-
Hojoruit B cromaronoruu. CoBpeMeHHasi CTOMATOJNOTHsL.
2008, Ne 1:24-29.

5. Ianenxo C.B., Top6auésa A.C., ApcnanoBa A.P. u
np. 3d-Busyanmsanus Ui IUTAHHUPOBAHMS OINEpaluil n
BBINOJHEHHsI XUPYPTrHUECKOTO BMEIIATENbCTBA (Cas-TeX-
Honoruu). bromtereHs cubupckoit MeamuuHbl. 2014,
Ne 4:165-171.

6. Abe M., Tabuchi K., Goto M. Et al. Model-based surgi-
cal planning and simulation of cranial base surgery. Neu-
rol Med Chir (Tokyo). 1998;38 (11):746-50.

7. Ahmad B.A., Michelle F.G., Peter E.B. Three-Di-

mensional Printing Surgical Applications. Eplasty.
2015,14:15-37.
8. Chae M.P.,, Rozen W.M., McMenamin P.G. et al.

Emerging Applications of Bedside 3D Printing in Plastic
Surgery. Front Surg. 2015, 16 (2):25. DOI: 10.3389.

10.

11.

12.

13.

15.

17.

19.

20.

21.

22.

23.

. Mendez B.M.,

Chae M. P, Lin F., Spychal R.T. et al. 3D-printed haptic
“reverse” models for preoperative planning in soft tis-
sue reconstruction: a case report. Microsurgery. 2015. 35
(2):148-53. DOI:10.1002/micr.22293.

Chen S.T., Chang C.J., Su W.C. et al. 3-D titanium mesh
reconstruction of defective skull after frontal craniecto-
my in traumatic brain injury. Injury. 2015. 46:80-85.
Choi J. W., Kim N. Clinical application of three-dimen-
sional printing technology in craniofacial plastic surgery.
Arch Plast Surg. 2015. 42 (3):267-77.

Dankowski R, Baszko A, Sutherland M., et al. 3D heart
model printing for preparation of percutaneous structur-
al interventions: description of the technology and case
report. Kardiol Pol.2014;72:546-551.

Hoy MB. 3D printing: making things at the library. Med
Ref Serv Q. 2013; 32 (1):94-9. DOI:10.1080/02763869.
2013.749139.

. Lee M., Wu B.M. Recent advances in 3D printing

of tissue engineering scaffolds. Methods Mol Biol.
2012;868:257-267.

Martelli N., Serrano C., van den Brink H., et al. Ad-
vantages and disadvantages of 3-dimensional print-
ing in surgery: A systematic review. Surgery. 2016;159
(6):1485-500. DOI: 10.1016.

Chiodo M.V., Patel P.A. Customi-
zed "In-Office" Three-Dimensional Printing for
Virtual Surgical Planning in Craniofacial Sur-
gery. J Craniofac Surg. 2015; 26 (5):1584-6. DOI:
10.1097/SCS.0000000000001768.

Michalski M. H., Ross J.S. The shape of things to come:
3D printing in medicine. JAMA. 2014; 312:2213-2214.
Mironov V., Boland T., Trusk T., et al. Organ printing:
computer-aided jet-based 3D tissue engineering. Trends
Biotechnol. 2003;21:157-161.

Miiller A., Krishnan K. G., Uhl E., et al. The application
of rapid prototyping techniques in cranial reconstruction
and preoperative planning in neurosurgery. J Craniofac
Surg. 2003;14 (6): 899-914.

Olszewski R., Reychler H. Clinical applications of rapid
prototyping models in cranio-maxillofacial surgery. In:
Hoque M, editor. Advanced applications of rapid pro-
totyping technology in moderm engineering. Belgium:
InTech; 2011;173-206.

Rankin T. M., Giovinco N.A., Cucher D.J., et al. Three-
dimensional printing surgical instruments: are we there
yet? J Surg Res. 2014;189 (2):193-7. doi:10.1016/j.
j$8.2014.02.020.

Rengier F., Mehndiratta A., von Tengg-Kobligk H., et
al. 3D printing based on imaging data: review of med-
ical applications. Int J Comput Assist Radiol Surg.
2010;5:335-341.

Rodby K. A., Turin S., Jacobs R.J. et al. Advances in on-
cologic head and neck reconstruction: systematic review
and future considerations of virtual surgical planning
and computer aided design/computer aided modeling.

MEQWLWUHA: TEOPUA W NMPAKTHKA oM 1

Nel 2016



0b630Pbl

35

J Plast Reconstr Aesthet Surg. 2014; 67 (9): 1171-85.
DOI: 10.1016.

Engl J Med. 2013;368 (21):2043-5. DOI:10.1056/NE-
IMc1206319.

24. Romano P.E. 3D Printing Surgical Models of Organs;  37. http://medportal.ru/mednovosti/news/2016/04/06/
or Lunch; Phone Screens; How To Do It (3D) Your- 522heart/
self, Computers that Track Your Eyes and Take Eye  38. http://www.bioprinting.ru/press-center/events/
Commands. Binocul Vis Strabolog Q Simms Romano. the-1st-international-conference-on-3d-printing-in-med-
2013;8:121-128. icine/
25. Schmauss D, Gerber N, Sodian R. Three-dimension-  39. http://news.xinhuanet.com/english/2015-06/12/
al printing of models for surgical planning in patients ¢ 134322144 htm.
with primary cardiac tumors. J Thorac Cardiovasc Surg.  40. http://www.news-medical.net/news/20150319/3D-print-
2013;145 (5):1407-8. doi:10.1016/j. ed-heart-models-to-aid-doctors-plan-for-complex-ops.
26. Silva D.N., Gerhardt de, Meurer E., et al. Dimension- aspx.
al error in selective laser sintering and 3D-printing of  41. http://www.childrenshospital.org/training-from-the-
models for craniomaxillary anatomy reconstruction. J heart/spring-2015/research-focus.
Craniomaxillofac Surg. 2008; 36:443-449. 42. http://news.xinhuanet.com/english/2016-03/17/
27. Singhal A.J., Shetty V., Bhagavan K.R., Ragothaman A., ¢ 135197788.htm.
et al. Improved Surgery Planning Using 3-D Printing: a  43. http://news.xinhuanet.com/english/2015-06/12/
Case Study. Indian J Surg. 2016;78 (2):100—4. c 134322144 htm.
28. Sodian R, Weber S, Markert M, et al. Pediatric cardi- 44. http://news.xinhuanet.com/english/2016-02/25/
ac transplantation: three-dimensional printing of ana- ¢ 135128599.htm.
tomic models for surgical planning of heart transplan- ~ 45. http://medportal.ru/mednovosti/news/2016/01/27/
tation in patients with univentricular heart. J Thorac 921kidney/
Cardiovasc Surg. 2008;136 (4):1098-9. doi:10.1016/j.  46. http://medportal.ru/mednovosti/news/2015/06/14/
jtcvs.2008.03.055. 104twins/
29. Ventola C.L. Medical applications for 3D Printing: cur-  47. https://thriving.childrenshospital.org/violets-journey-3d-
rent and projected uses. Pharmacy and Therapeutics. models-help-doctors-plan-her-surgery/
2014; 39:704-711. 48. http://rniito.org/r/lechebnie_innovatsii/indatsetsistema_
30. Vodiskar J., Kiitting M., Steinseifer U. et al. Using 3D endo_taz_sust.html.
Physical Modeling to Plan Surgical Corrections of Com-  49. http://news.tpu.ru/news/2016/01/01/24497/
plex Congenital Heart Defects. Thorac Cardiovasc Surg. ~ 50. http://www.bbc.com/news/health-34280641.
2016 May 13. DOI:10.1055/s-0036-1584136
31. Winder J., Bibb R. Medical rapid prototyping technolo- REFERENCES
gies: state of the art and current limitations for applica-
tion in oral and maxillofacial surgery. J Oral Maxillofac 1. Belyakin S.A., Khyshov V.B., Khyshov M. B. i dr. Re-
Surg. 2005; 63:1006-1015. konstruktsiya posttravmaticheskikh povrezhdeniy kostey
32. Winder J., McRitchie 1., McKnight W., et al. Virtual sur- cherepa i litsevogo skeleta s ispol'zovaniem perforiro-
gical planning and CAD/CAM in the treatment of cranial vannykh titanovykh plastin i setok. Voenno-meditsins-
defects. Stud Health Technol Inform. 2005;111:599-601. kiy zhurnal: Teoret.i nauch.-prakt. zhurn. 2012; Ne 12:
33. Wu C, Tan L., Lin X. et al. Clinical application of indi- 12-17.
vidualized reference model of sagittal curves by three-di- 2.  Bol'shakov O.P. Razvitie metodov i napravleniy anato-
mensional printing technique and computer-aided naviga- micheskikh issledovaniy. SPb.: Nauka; 2015.
tion system for lumbar spondylolisthesis. Zhongguo Xiu 3. Dubrovin V.N., Bashirov V.1., Furman Ya.A. i dr. Opti-
Fu Chong Jian Wai Ke Za Zhi. 2015;29 (6):734-40. mizatsiya khirurgicheskogo dostupa pri provedenii ret-
34. Youssef R.F., Spradling K., Yoon R. et al. Applications roperitoneoskopicheskoy ureterolitotomii s primeneniem
of three-dimensional printing technology in urologi- komp'yuternoy 3D rekonstruktsii. Eksperimental'naya i
cal practice. BJU Int. 2015; 116 (5): 697-702. DOI: klinicheskaya urologiya. 2013, Ne 4: 86—89.
10.1111/bju.13183. 4. Polkhovskiy D. M. Primenenie komp'yuternykh tekh-
35. Zinser M. J., Mischkowski R.A., Sailer H.F., et al. Com- nologiy v stomatologii. Sovremennaya stomatologiya.
puter-assisted orthognathic surgery: feasibility study us- 2008; Ne 1: 24-29.
ing multiple CAD/CAM surgical splints. Oral Surg Oral 5. Shchadenko S.V., Gorbacheva A.S., Arslanova A.R. i dr.
Med Oral Pathol Oral Radiol. 2012;113:673-687. 3d-vizualizatsiya dlya planirovaniya operatsiy i vypol-
36. Zopf DA, Hollister SJ, Nelson ME, et al. Bioresorbable neniya khirurgicheskogo vmeshatel'stva (cas-tekhnologii).
airway splint created with a three-dimensional printer. N Byulleten' sibirskoy meditsiny. 2014; Ne 4:165-171.
MEDICINE: THEORY AND PRACTICE TOM 1 Nel 2016



