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BBeaeHue. HecMoTpst Ha 3aMeTHBIN U GBICTPBIN MPOTPECC, JOCTUTHYTHIM B pAa3BUTHH MeJUIIMHCKON 3D-nieqaTn
B IIOCJIEJHUE TOJbI, 06 UCII0/Ib30BAaHUM 3TOW TEXHOJIOIMHU B 06J1aCTH aKyLIepPCTBA U TMHEKOJIOTUH U3BECTHO He
Tak MHOTo0. lleJIbI0 10AroTOBJIEHHOT0 HAaMH 0630pa HAyYHOH JIMTepaTyphl IBUJIOCH ONpeJieJIeHHe COBPEMEHHO-
ro ypoBHs pa3BuTHs 3D-mevyarty, o6Ccyx/ieHre GIMKANIINX U OTAAJ€eHHBIX NTePCIEeKTUB UCI0JIb30BaHUS 3TOU
TEXHOJIOTHU B aKyLIEPCTBE U TMHEKOJIOTHH, aHAJIU3 ee NMOTEHLHaJbHbIX IPEUMYLIECTB U HeJoCcTaTKoB. MaTe-
pMaabl U MeToAbl. HaMu 6bL1 NPOBe/ieH MOKCK Hay4YHOH JIMTepaTyphl. TpexcTyneHYaTbld CKPUHUHT POILIN
378 paboT, B pesy/ibTaTe [JI1 UTOTOBOr0 Hay4yHOro 063o0pa 6b1J10 0TO6paHo 42 UCTOYHUKA. Pe3ysbTaThl M 06-
cyxaeHue. OCHOBHbIE 06/1aCTH, B KOTOPBIX MOXET UCI0JIb30BaThCs 06'beMHas eYaTh B aKylIepCTBe U THHEKO-
JIOTUM — 3TO CO3JlaHUe CUMYJIALMOHHBIX MoJieJlel U 06yyeHre CTYLeHTOB, CO3JJaHe aHaTOMHUYeCKUX Mo/ieslel
JUISl TIpe/ioNepaliMOHHOM MO/ATrOTOBKH, NeYaTh XUPYPru4eCKUX NWHCTPYMEHTOB, CO3/JaHHe HOBBIX JIEKAPCTBEH-
HbIX GpopM (B TOM UMC/Ie TPAHCBAaTMHA/IbHbBIX), OMOIMeYaTh OPraHOB U TKaHel. 3aKk/I04eHue. [IpecTaBieHHbIN
JINTEPaTYpPHBbIA 0630p MO3BOJISET CAeNaTh BbIBOA, UTO 3D-neyaThb B 06/1aCTH aKyllepcTBa U THHEKOJIOTUH —
aKTyaJbHOe, Habuparollee 060poThl HanpasJieHHe. Opranusanus Ja6opatopuil 3D Moje/upoBaHus U ITe4aTH
MOXET CyLeCTBEHHO NOBBICUTb 3P PEKTUBHOCTb 06YYEHHUS CTYJEHTOB U OpJuHaTopoB. Kpome atoro, cienyeT
MHGOPMUPOBAThH aKyIIEpOB-THHEKOJIOIOB U XUPYProB O BO3MOXKHOCTH NevyaTH Ha 3D-NMpUHTepe XUpypruye-
CKHUX UHCTPYMEHTOB M0 UH/UBU/IyaJIbHOMY JIN3alHY. ITO MOXET BJOXHOBUTD UX HA BOIJIOLIEHNE COOCTBEHHBIX
UJied ¥ pa3BUTHE OTE€YeCTBEHHBIX MHHOBALMOHHBIX pa3paboTok. TpexMepHas nedaTh JIeKapCTBEHHbIX GOPM U
6UOIPOTE30B TPebyeT GoJiee CI0KHBIX TEXHOJIOTHYECKUX PeIleHUH U B KJIMHUYeCKOH PaKTUKe B HAacTosLlee
BpeMs He npuMeHsieTcsa. O/lHAKO, yUUTHIBAasA OTPOMHBIE EPCHEKTUBBI JJAHHBIX HAaNpaBJEHUH, CeyeT Ipeay-
CMOTpPETDb pa3/IMyHbIe 'PAHTHI /IS UX Pa3BUTHUA B Poccuu.
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Introduction. Despite the notable and rapid progress in the development of medical 3D printing in recent years,
not much is known about the use of this technology in obstetrics and gynecology. The purpose of our review of
scientific literature was to determine the current level of 3D printing development, discuss the closest and long
term prospects for using this technology in obstetrics and gynecology, and analyze its potential advantages and
disadvantages. Materials and methods. We searched for scientific literature. 378 papers passed a three-step
screening, as a result of which 42 sources were selected for the final scientific review. Results and discussion.
The main areas in which dimensional printing can be used in this area of medicine is the creation of simulation
models and training for students, the creation of anatomical models for preoperative preparation, the printing
of surgical instruments, the creation of new dosage drug forms (including transvaginal ones), and bioprinting
of organs and tissues. Conclusion. The presented literary review allows us to conclude that 3D printing in the
obstetrics and gynecology is a current rapidly developing direction. The organization of 3D modeling and printing
laboratories can significantly increase the efficiency of teaching students and residents. In addition, obstetricians-
gynecologists and surgeons should be informed about the possibility of 3D printing surgical instruments
according to an individual design. It can inspire them to implement their own ideas and develop domestic
innovative developments. Three-dimensional printing of dosage forms and bioprostheses requires more complex
technological solutions, and is not yet used in clinical practice. However, given the enormous prospects for these
areas, various grants should be envisaged for their development in Russia

Keywords: 3D printing, pelvis, anatomical model.

BBEJEHUE 3D-printing, o6¢cyx/ieHMe GIMKAWLINX U OTAAJEHHBIX
NepCcreKTUB UCI0JIb30BaHUS 3TON TEXHOJIOTHHU B aKy-
LIepCTBe U TUHEKOJIOTMH, aHa/IU3 ee OTeHLHaIbHbIX
[IpeMMYILeCTB U HeJ,OCTaTKOB.

TexHosnOrMa aJJUTHUBHOTO MPOU3BOACTBA, TaK-
ke HaszpiBaeMasi 3D-nmeuarts (3D-printing), mo3BosisieT
cosfaBaTh ¢usnuyeckue o6bekTbl U3 CAD-Mopeneit
(Computer Aided Design — cucteMbl aBTOMaTH3U- MATEPHAJIBI U METO/AbI
POBaHHOTO MpoeKTUpoBaHus). [IpuyeM nocrpoeHue
06'beKTa NPOUCXOAUT CJIOU 3a C10eM, TyTeM NOCIe/i0-
BaTeJIbHOTO JJ06aB/IeHUsl MaTepuraJa.

3D-meyaTp MO3BOJIIET W3rOTABJIMBATH CJIOXKHbBIE
reoMeTpHUyeckue 06'beKThI U3 LIMPOKOI0 CIEeKTpa Ma-
TepuaaoB: MeTa/ioB [1, 2], mosumepos [3, 4], kepa-
MHYEeCKUX MaTepuasos [5, 6, 7], NpoAyKTOB NUTAHUS

Hamu 6bL1 mpoBeJieH MOUCK HAYYHOU JINTEpaTy-
pbl B 6azax PubMed, ScienceDirect, SpringerNature,
Taylor&Francis u ResearchGate. TpexcTyneHuaTbIi
CKPUHUHT npouiu 378 paboT, B pe3ysbTaTe JJisl UTO-
roBOTO HAay4yHOro 0630pa 6bLI0 OTOGpPaHO 42 UCTOY-
HuKa (puc. 1).

U JIeKapcTB [8], opraHu4ecKUx MaTepHaIoB (TKAHU U s jopcepirect  SPRINGER Taylor &Francis
opraﬂb?ﬂnﬂ[!{gnogexa 1 n(HBOTHbIX)p[9, 10]. ( enceDirect e @mie Publfljed
Texnosiornu 3D-mevyaTu Bce qauie NpuMeHATCA VICTOYHUKM HaAeHHbIE MO KKOYEBbIM CNIOBaM (378)

JUISL JIIOOBIX TUIIOB MPOEKTOB B 06JIACTU CEJIbCKOTO
X03sHCTBa, 3ApaBooxpaHeHus [11-14], aBToMo6uIe- | Ny6nupyiowuye ucTouHmkn (28)

cTpoeHus [15-17] u aBUAMOHHOW NPOMBIIIJIEHHOCTH Kmiouesbie cnopa;

[1, 18]. Cpeau MHOXeCTBa NMPAKTUYECKUX NMPUJIONKE- | McTounmku nocne vckiodeHus ay6ankaos 3D printing for medicine;

% - - 350
HI/II/\I’ 3D He‘IaTI/IVOCO6O CHEAXQT OTMETUTb HECOMHEH (350) printed surgical tools;
HBIN yCIl€X 3TOU MPOPBIBHOW TEXHOJIOTHUU B ob6JiacTu Seroa ok mosee 3D printed medical models;
610JIOTUY U MeAULUHBI [19]. HoCre NpouTeHNs Hassamiiv | SUrgery planning;

B MeAHULMHE MOXKHO BbIAEJINTb Y€ThbIpe OCHOBHbIX aHHoTauuin (174) printed vagina;
HanpaBJIEHUA IPUMEHEHUA 3D nevarwu: CO3JaHHE aHa- printed fibroids; fetus; prolapse;
TOMHYECKUX MO,Z[eJIeﬁ HOPpMaJIbHbBIX W HM3MEHEHHbIX McTounuku nocne npeBapuTenbHOro surgery; obstetrics;

CKPWHUWHIa (176) printed ovary; uterus;

OpraHOB, U3TOTOBJIEHHE XUPYPrUYECKUX UHCTPYMEH-

rov, neva sexaperveni opy € Mo pLPo- o | o o
nocrie nNpoYTeHMs NOJIHOro

IJIAaHTOB M NpoTe30B [12, 19-21]. TekcTa crateii (134)

OniHaKO HeCcMOTpsi HAa 3aMeTHbIA U ObICTPbIN
nporpecc, JOCTUTHYTBIA B Pa3BUTHU MeJUIIMHCKOM
3D-nevyaTy B mocsiefHHE Trojibl, 06 HCIOJb30BaHUU
3TOW TEXHOJIOTUM B 06JIACTH aKyLIEPCTBA U TMHEKO-
JIOTUM H3BECTHO He TaK MHoro. llesiblo moaroros-
JIEHHOI'0 HaM{ 0630pa Hay4yHOM JUTepaTypbl SBU-
JIOCh OTIpe/ie/IeHe COBPEMEHHOI'O YPOBHSI Pa3BUTHSA

3D printing for gynecology;

KoHeuHble UCTOYHWKM ANt HayYHOro 0630pa (42)

Puc. 1. CTpykTypa Hay4yHOTO 0630pa
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[Tovck Hay4YHBbIX UCTOYHHWKOB NPOBOAUJICSA C IO-
MOLIBIO KJIIOYeBbIX c/10B 3D-printing B codeTaHuu
c fibroids, fetus, prolapse, surgery, obstetrics, ovary,
uterus, vagina. belin oTOGpaHbl Hay4yHble MyGJMKa-
LMY 3a IIOCJIeJJHUE NATH JIeT. BOJbIINHCTBO UCTOYHMU-
KOB — 3TO Hay4YHble CTaTbH, ONYOJIUKOBAHHbIE B BBICO-
KOPEUTHHTOBBIX )KypHaJax B 06JIaCTH aKyIIepCTBa U
TUHEKOJIOTUH, MeIUIIMHBI B I[€JIOM, & TAaKXKe B ITepesio-
BbIX KYpHaJIaX 10 aJUTHUBHBIM TEXHOJIOTUSIM.

PE3YJIBTATbBI U OBCYKJAEHHUE

3D-neuamsb aHamomuveckux modesell

06 bekTbl, HaneyaTaHHble HA 3D-npuHTEpe, MOXK-
HO MCNOJIb30BaTb [JI1 U3Y4YEHUs CJIOKHBIX KJIWHU-
YeCKUX CJIy4yaeB, MPU NpeJoTNepanoHHOM IJIaHHUPO-
BaHUH, OOY4YEHHUU CTY[eHTOB MU KOHCYJbTHUPOBAHUU
NaleHTOB U UX POACTBEHHUKOB.

C momo1ibto 3D-1eyaTy BO3MOXKHO CO3/IaHHE T0JI-
HopasMepHbIX 3D-Mojesnell penpoAyKTHBHBIX Opra-
HOB — MaTKH, MaTOYHBIX TPy U AINYHUKOB, B TOJTHOU
Mepe COOTBETCTBYIOIIUX PeaJbHbIM IpoToTUIaM. OHH
MOTYT C YCIEXOM NMPUMEHSThCSA B 00YYEeHUU Bpayew,
paboTalwuiMX B 00J1aCTH BCIIOMOTaTeJbHBIX Penpo-
JYKTUBHBIX TexHOoJ0rud. Ha 3D-npuHTepe BO3MOXKHA
nevyaThb TaKUX YCTPOMCTB, KaK KaTeTep JJisl lepeHoca
3MOpPHOHA, a TAaKXKe CO3/laHue MO/leJIi COOCTBEHHO 3M-
6puona. 3D-meyaTy B PeNpoOAYKTOJIOTHH MOCBSILEHA
pab6ota M.Z. Barbosa et all [22]. ABTOpbI yTBEPKJAIOT,
YTO KayeCTBEHHOe NpeJolepaldoHHOe MNJaHUpOBa-
HUe c nomouipio 3D-Mozesnedl IMUHUKOB, pa3pabo-
TaHHBbIX [0 MarHUTHO-PE30HAHCHBIM TOMOrpaMMaM
KOHKPETHOM MNallMeHTKH, CIOCOGCTBYeT CHIKEHMIO
KOJINYECTBa OCJIOKHEHUH, CHWXEHHUI0O TpaBMaTH3a-
LIMY1 BO BpeMs NpoLeypbl MOJYyYEeHUS OOLUTOB U CO-
XpaHEeHHI0 0BapHaJbHOIO pe3epBa.

B npyrom wucciesoBaHMHM ONHCAHbI JiBe Hare-
yaTaHHble 3D-mozenn MyabTUGUOPOUJHOU MaT-
KM, CO3/laHHble JJ TJIaHUPOBAHUS MHUOM3KTOMHUHU
[23]. [lepBas Mozesb 6bla CO3/l1aHA HA OCHOBE Mar-
HUTHO-pe3oHaHcHOU ToMorpaduu (MPT) cHuMKOB
42-7eTHell MalMeHTKH, UMelOlleldl CUMIOTOMBI Hapy-
meHUss GYHKIMH OPraHOB MaJOro Tas3a B CBSI3U CO
CAaBJIEHUEM UX pacTylied MUOMOU MaTKU. Bo BTopom
clydae Oblia HamnedaTaHa 3D-Mozenb [ NMJIaHUPO-
BaHUs MUOM3IKTOMUU y 45-/1eTHEN MallMeHTKH, KOTO-
pasi B JaJibHelleM IJIaHUpPOBaJa AeTOPOXKJeHue U
HacTavBaJsla Ha opraHocoxpaHsolei onepanuu [23].
[IpocMoTp nudpoBoit 3D-Moe/1n ¥ TeYaTHOU MO/IesTH
MOBJIMSJI HA TEXHUKY Ollepaliuu: GbLIM YeTKO 3aIlja-
HUAPOBaHBI NpeJojaraeMbli 06’beM omnepanuy, Me-
TO/bI TEMOCTA3a, BpeMsl Ollepaliy, OLleHeH OXH/jae-
MBbI{ PHCK OCJI0’)KHEHUH. YBEPEHHOCTb B HAMEeYeHHOM
XUPYPrudeckoM IJIaHe MOJIOKUTEeJbHO MOBJMANA Ha
pe3yJbTaT omepauud. ABTOPbI MOAYEPKUBAIOT, YTO
3D-Mozes1n OpraHoB, CO3J@aHHble HA OCHOBE KJIMHM-
YeCKHUX JAHHBIX KOHKPETHBIX NMallMeHTOB, YJIy4lIaloT
MOHMMaHUE CJI0)KHOM aHATOMUU B THHEKOJIOTUYECKOU
XUPYPTrUH, MOBBILAT 3)PEeKTHOCTh Mpeaonepanu-
OHHOTO IJIAHUPOBAHMUS, IIAHChl Ha MOJIOXUTEJbHbBIN
HCXOJ /1Sl TaueHToB [23].

C nmomo1bio 3D-neyaTu MOXKHO MOBBICUTH 3 dek-
TUBHOCTb IJIAHUPOBAHUsI ONEPAaTUBHOTO PoJopaspe-
meHus [24]. A. Mackey et al. onuceIBaOT TpexMepHYIO
MoOJeJsib JJisl IledaTH, IOCTPOeHHYI0 U3 JaHHbIXx MPT
GepeMeHHON MaTKHM C MHOXeCTBEHHbIMU MHUOMATO3-
HbIMU y3/1aMu [24]. Mozgenp 6bl1a pacnevyaTaHa JJist
MOJIHOW BU3ya/IU3alUu 00'beKTa U HanboJiee TOYHOTO,
ONTHMAaJbHOTO MJIAHUPOBAHUS XUPYPruiecKoro BMe-
II1aTeJIbCTBA B 06'beMe KecapeBa CeYeHHUsl.

3D-neyaTb MOXKET MCIOJIb30BAaThCS TaKXKe MIJIs
Jlydlleld BU3yaJW3allUM NOPOKOB pPa3BUTHUA IIOJA.

3D-Mozeny nioAa UM ero OpraHoB MOTYT GbITh CO3-
JlaHbl Ha OCHOBe KoMmbloTepHOUM ToMmorpaduu (KT),
MarHUTHO-pe30HaHCcHOU ToMorpaduu (MPT), a Takke
YJIBTPa3ByKOBOIo HccienoBanus (Y3U).

Oco6eHHO BBICOKA OOpa3oBaTesbHas I€HHOCTH
Mojziesiel 3D-mevyaTH, BBINOJIHEHHBIX C IOMOIIbIO
MHUKpPOPOKYCHOH KOMIIbIOTEPHOU ToMorpaduu (Mu-
kpo-KT), koTopble TMO3BOJISIIOT BHU3yaJM3UPOBATH
Jlake O4eHb HeboJsiblIMe MOPQOJIOrUYecKUe CTPYK-
Typbl. JlaHHAas MeTOAMKaA, HANpUMEpP, MO3BOJSET
co3JjaBaTh MoJesud cepAua mioga ¢ 11-d Hepenu
BHYTPUYTPOGHOTO Pa3BUTHS, U, OLlEHUBAasA UX B [JU-
HaMHKe, IPOCJIeIUTb GOPMUPOBAHUE ONpPe/eIeHHbIX
nopokoB cepaua [25]. D. Jarvis et al. onucanu ombrT
JIeMOHCTPAIMi HOPMaJIbHOT'O U aHOMAaJIbHOTO '0JIOB-
HOro Mo3ra maoza [26]. Ilo cioBaM aBTOPOB, OAHOM
M3 TJIaBHBIX UX IieJled ObLI0 yJIydlleHrne MOHUMaHHUs
AHATOMUMU U 06yYeHHEe HABbIKaM HePOBU3YyaJIU3alun
[26]. Shelmerdine et al. coo6uiuau o mpumepe 3D-me-
4aTu ¢ noMmoubio MUKpo-KT Mogenu cepaua miaozna
Ha 16-i1 HeJlesie 6epeMeHHOCTH, JAEMOHCTPUpPYIOIei
KaK OCHOBHbIE CepJleuyHble CErMeHThl (Mpejcepaus,
YKEJIYZ0YKH YU MarucTpaJjbHble COCYZbl), TaK U 6ojiee
MeJIKMe KOMIIOHEHTHI (cep/ledHble KJalaHbl, pa3BeT-
BJIEHUE JIETOYHOW apTepHu W a0PThl), COCOYKOBBIE
MBIIIIbI U TPAGEKYJIbI KEJYJOIKOB [27].

BupTyasibHble U NeYaTHbIE MOJIEJIU B HACTOsIIIEe
BpeMsl UCTOJIb3YIOTCS B IUJAKTUUECKHX U UCCIeJ0Ba-
TEeJbCKUX LeJsX. ITU MOJENH MOTEeHIUAJbHO MOTYT
NpeJICTaBJIATh COGON LEHHBbIH pecypc AJisl U3ydeHHus
AHATOMUM DPENpPOJYKTHUBHBIX OPTraHOB >KEHIIWHBI U
CTPOEHHs BHYTPUYTPOOGHOIO IMJIOAA CTYJAEeHTaMHU-Me-
JUKaMU ¥ BpadyaMU-CTAKEPAMHU, JEMOHCTPUPYS KaK
HOPMaJIbHYI0 aHATOMUIO, TaK U BPOXK/EHHbIE TTOPOKH
Pa3BUTHSA PA3TUIHOMN CJI0KHOCTH.

[losIBASAIFOTCS JlaHHbIE, CBUJETEJbCTBYIOLIHE O
TOM, 4YTO TOYHble 3D-meyaTHble KOMHUU MOTYT YJIy4-
IIUTb NpOLecC 00y4YeH s, YMeHbIIas MOTeHUaTbHO
HEraTUBHbIE PEAKI[UU CO CTOPOHBI CTYJEHTOB, KOTO-
pble MOTYT BO3HUKHYTb NPHU HAOJIOAEHUU 33 peasib-
HbIMU YeJIOBEYeCKMMU 3MOpPHUOHAMH U IJIOJAMH, a
TaKXKe JIal0T BO3MOXHOCTb MOKa3aThb CTPYKTYPY 3M-
OpHOHa U IJIoAA Ha Pa3HbIX CTaAUSIX Pa3BUTHS [25].

[Ipy 06y4yeHHUH CTY[eHTOB MEAULIMHCKUX BY30B B
Poccuu B HacTosilliee BpeMsl HUCIOJIb3YIOTCSA PasJjivy-
Hble y4ye6GHble NMOCO6GHS, W3rOTOBJIEHHbIE W3 THIICA,
pe3uHbl U IJIacTUKa. /laHHbIEe NpeJAMeTbl UMEIT [0-
CTaTOYHO BBICOKYI0 CTOMMOCTb, IIPU 3TOM, YIUThIBAsI
AKTUBHOE UX MCIOJIb30BaHUE, B MPOIECCe IKCIIyaTa-
[IMY BO3HHUKAIOT PA3/IMYHblE UX MOBPEXAEHUS, Tpe-
oywoiue 3aMeHbl. 3D-meyaThb MOXeT ObITh KpalHe
noJsie3Ha B JIaHHOU cuTyanuu. [yis Toro 4ToGhl Mpo-
WJJIIOCTPUPOBATH NepCrneKTUBbl 3D-nievaTH JJ1s U3ro-
TOBJIEHUS TAKUX MOJIeJIeH, B pAMKaXx MpeJiCTaBJIeHHON
pa6oThl 66112 HanevyaTaHa u3 PLA-niacTuka MeToioM
3KcTpy3uoHHOH neyaty (FDM) Mozennb KocTHOrO Tasa
(puc. 2). Mozenb Tasa 6bLJ1a U3rOTOBJIEHA B HATYpPasb-
HYIO BEJIMYMHY U3 TPEX CECMEHTOB B TeueHHe 24 4acoB.

Puc. 2. [[pumeHeHue MeToia 3D-nevyaTy AJis U3TOTOBJIEHUS
MeJMIMHCKUX Moiesieil: a — CAD-Mogienb, mocTpoeHHas
Ha ocHoBe faHHbIX MRT; b — npouecc nosnuMepHoi
3KCTpy3uoHHOU 3D neyaTu 0AHOTO U3 TPEX CETMEHTOB;

C — HaneyaTaHHas U co6paHHas Mo/Jieslb
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Hcnosawvsosanue 3D-nevamu
npu xupypauveckux emMewameabcmaax

[Ipy npoBefieHUM T'MHEKOJIOTHYECKUX OIepalnui
TaKXe MOTYT ObITb MCIOJIb30BaHbI NPeJMeThbl, U3r0-
TOBJIEHHble ¢ noMolblo 3D-nedyatu. UHCTpyMeHTH],
M3TrOTOBJIEHHbIE C IOMOILbI0O TPEXMEpPHOH IeyaTy,
MOTYT GbITh [10JI€3HBI KaK B OBCEeIHEBHOH KJIMHUYe-
CKOU NMPAaKTHKE, TAaK U NPHU MPOBEJEHUN YHUKAIbHBIX
onepauuil. TpexmepHas neyaTb N03BOJIIeT MOAUU-
MpoBaTh U UHAUBH/IyaJbHO HACTPAauBaThb CyLleCTBY-
I0l[Me MpeJMeTbl U UHCTPYMEHTHI, UCIO0Jb3yeMble B
XUPYPruy, a TaKXKe Co3/iaBaTh HOBble MOJENU C HyJIs.
JTa TeXHOJIOTHs UMeeT 60JIbLION TOTeHLal /I CHU-
>KEHUsI 3KOHOMHYECKHX 3aTpaT NPU H3TOTOBJIEHUHU
HOBBIX MHCTPYMEHTOB U JJIs TeHepaluu U pacnpo-
CTpaHeHHsI HOBBIX U/ie /1/15 CO3/1aHUsA XUPYPrUYecKo-
ro uHctpymenTapus [28, 30]. [Ipeumyiuiecta 3D-me-
YaTH [0 CPaBHEHHIO C TPAJULHUOHHBIMH METOAAMHU
NPOM3BOACTBA BKJIIOYAIOT OTCYTCTBUE yBeJHWYEHHUS
CTOMMOCTH M3-32 NOBBILIEHHOW CJI0XXHOCTH, yCKOpe-
HUe MPOEKTUPOBAHHUS [0 BPeMEHU MPOU3BOJCTBA U
MoauduKanuy, cnequdUIHbIe AJs1 XUPypros [28].

3D-meyaTh MOXHO MCIOJIb30BaTb B TOM 4YHCJIE
JLJIs1 U3TOTOBJIEHUSI BarMHA/bHBIX CTEHTOB W PaCLIU-
puTesiell Asg JeTell M NOJPOCTKOB N0 UHAUBU/YAJIb-
HbIM pa3MepaM Ha OCHOBe KOMIIbIOTEPHBIX MojeJsel
Y HCIOJIb30BaHUs KOMIBIOTEPHOW TOMorpaduu mpu
aTpe3uH Biaraauia. 3D-neyats npejcraiseT co60i
OrpOMHbIE TEPCIEKTHUBBI UCCJIEJOBAaHUNA B 006J1aCTH
JIeTCKOH U MOoJPOCTKOBOU ruHeKosioruu [31].

B pa6ote ]. Hakim et al. [32] npe/cTaByieHbl ruHe-
KOJIOTUYeCKHEe YCTPOMCTBA, CO3JaHHbIE C MOMOIIbIO
TPpeXMepHOH MeyaTH, A/ OLEHKH PaCTSKUMOCTH
TKaHel Bisaraiauia. [locse Xupypruyeckoro cosja-
HUsl BJIaraJIMIIHOT0 KaHasla 60J/IbIIMHCTBY AL EeHTOB
He06X0JMMO HCIO0JIb30BaTh BarWHa/JbHBIM CTEHT B
1oc/1eonepalMOHHOM Ilepro/ie B TedeHHe HEeKOTOpO-
ro nepuozia BpeMeHH, YTOObl 06eCTIEYUTh pernaparnuio
TKaHel BJarajuua 6e3 CONpUKOCHOBEHUS APYT C Apy-
rom. [IpesicTaBiieHa MeToAMKa 06bEMHOM OLlEHKH T10-
JIOCTH BJIaraJiviia U U3roTOBJIEHUS UHAUBU/YaJbHbBIX
IMHEKOJIOTHYEeCKUX YCTPOUCTB ¢ noMolbio 3D-neyva-
Tu. [IpeanosiaraeTcs, 4To TaKOH MOAXOA MOXKET CIO-
COOGCTBOBATh YBEJUYEHHUIO MOTEHIMAA 3AXKUBJIEHUS
TKaHel C MOMOLIbI0 FOPMOHAJbHO-0IIOCPEJ0BAaHHbIX
U MeXaHOoTepaneBTHYeCKUX [T0JX0/J0B, KOTOPble MOX-
HO HacTpauBaTb B 3aBUCHMOCTH OT BO3pacTa TKaHHU,
CTeNeHHU U HallpaBJieHUs pacTsbkeHus [32].

TpexmepHas neuams J1eKapcCmMeeHHbIX POPM

C 2017-2018 rr. npoBoAUTCS pa3paboTka mepo-
paJIbHBIX JIEKAPCTBEHHBIX GOpM ¢ MoAuHUIIMPOBAH-
HbIM BBICBOOOX/EHUEM JIEKAPCTB. BpeMsi BbICBOOO-
KJleHUs NpenapaTa peryJrupyeTcs TOJILIUHON CTeHKHU
Hare4yaTaHHOW KaICy/Ibl U MOXKET COCTAaBUTh OT 12 /10
198 MuHyT. Ha cerogHsIMHUN eHb TaKUe IpenapaTsl
He UCMO0JIb3YI0TCS B KIMHUYECKOH NPaKTHKe, IPOJ,0JI-
»KaeTcsl McclefloBaHMe MX 6Ge3omacHOCTH in vitro, a
TakXxe in vivo (Ha cobakax) [33].

O4yeHb UHTEpPeCHOU pa3pabOTKOH cjenyeT NpHU-
3HAaTh WHHOBALMOHHbIE MHTPAaBarvHaJbHble KOJbIA
¢ 3D-neuaTnto: AnelleO PRO, mepBoe nHTpaBaruHa/b-
HOe KOJIbL]0, CO3/JaHHOe C MOMOLbI0 TPEXMEPHOH Ile-
YaTH U NPUMEHsIEMOe TIPH JiedeHUH becrionus [34].
BuyTpuBaruHanbHble kKosblia ([VR — intravaginal
rings) 6bl1M pa3paboTaHbl U U3TOTOBJIEHBI TAKHUM 00-
pa3oM, YTO6bI HMeTb CJI0’KHYI0 FeoMeTprudeckyto ¢pop-
My [IJIs1 KOHTPOJISI I03UPOBAaHHOTO BbICBOOOMX/AEHHUS
nporectepoHa. [lepBoHayaJbHO ObIIM U3TOTOBJIEHBI
KOJIbLia JJI1 BBICBOOOX/IEHUS MOJeJIbHOTO JleKap-
CTBEHHOTO cpeJicTBa — B-acTpazuoia. Jlanee npouecc

OBbLI MepeBeJieH Ha ILieJIeBOU IMpemnapaT — MporecTe-
poH. B mponecce co3paaHuA AAHHOTO YCTPOMCTBA HUC-
M0JIb30BaJIOCh aBTOMATU3WPOBAHHOE MPOEKTUPO-
BaHHe C yKazaHueM (OPMbI U FeOMETPHUH, KOTOPhIE
BOCCO3/al0TCSl B mporecce ¢oTomosuMepusanuu. Ha
HU3TOTOBJIEHHE OJHOTrO KOJIbI[a U3 GMOCOBMECTUMOI0
noJinMepa 3aTpadyuBaeTcs npuMepHo 15 MuHyT. OjeH-
Ka 6e30MacHOCTH YCTPOKCTBA MPOBOAMJIACH HA OBLAX.
ITo abCOIIOTHO HOBBIN MOJAX0/ K IU3aliHY U U3TOTOB-
nenuto IVR-Kosten aJ1g JiedeHus1 6eCIIous, JOCTOMH-
CTBOM KOTOPOTO SBJIAETCS MEepPCOHAJU3UPOBAHHBIN
nojaxos. Bo3aMoxxHO u3rotosseHue «O»-, «M»- wau
«Y»-00pa3HbIX KoJiell, a OT GOpPMbI KOJIbI]A 3aBUCHUT
Jl03a ¥ BpeMsl BbIxoza npemnapara [34, 35].

TpexmepHas neuamsb 0p2aHoO8 u mkaHell

Oco6GeHHO HMHTepecHOM 06J1acTbi0 NPUMEHEHUS
3D nevaTu ABJISIETCS CO3/[aHME GUONPOTE30B OPraHOB
U TkaHell [36-40]. B Hacrosiliee BpeMs CyllecTByeT
oCTpasl HeXBaTKa JOHOPCKUX OPraHOB U TKaHEH, U
W3rOTOBJIEHHE OPTaHOB C UCI0JIb30BAHUEM KapKaCoB
13 GMOMaTepHUaIoB U COGCTBEHHBIX KJIETOK Yes0BeKa
MOJKET CTaTh MOTEHIMAJbHBIM pellleHueM 3TOH Mpo-
61eMbl [40].

B craTbe K.Paul et al. [41] npeacTaByieH nepBbIX
OT4YEeT O OUONMPUHTHUHIE Me3eHXHWMaJIbHbIX CTBOJIO-
BbIX KJIETOK, OJIYYEHHbIX M3 XXEHCKOTO 3HJA0MeTpHs
(eMSC), koTOpble NOTEHLMATBHO MOTYT NPUMEHSTHCS
JLJIs1 JIeYeHHU s NpoJiarca Ta30BbIX opraHoB. [IposancoM
Ta30BbIX OPTraHOB PA3JIMYHOU CTENEHU TSIKECTH B Ha-
CTosIlee BpeMsl CTPaJarT NpuMepHO 50% MOXKUIBIX
>KEHILIMH M GOJIbIIMHCTBO U3 HUX HE MOoJyyaeT afleK-
BaTHOTrO jieueHHUsl. COOGLIAeTCs O CTPATEruu JieueHusl,
HamnpaBJIEeHHOW Ha BOCCTAHOBJIEHHE BJAraJUIIHON
CTEHKHM C HCIOoJIb30BaHUEM o6uomnedyatu eMSC, uH-
KalCyJIMPOBAaHHbBIX B TU/IPOTe/ib, U TPEXMEPHOU 3JIeK-
TpocHpsifieHHOH ceTKH. TpexMepHasi ceTKa obecrnedu-
BaeT 3QPeKTUBHYIO CTPYKTYPHYIO MOAJEPKKY, B TO
BpeMsl KaK CTBOJIOBbIE KJIETKHU 3HJ[OMETPHUSI C GUolie-
YaTbl0 BCTPAUBAIOTCSH B CETKY, YTOGBI MOAY/JIUPOBATH
B3aUMO/IeMCTBHE C KJIeTKaMHU-x03sieBaMHu [41].

WHxxeHepHast pa3paboTka QyHKIIMOHAJIbHBIX TKa-
Hell M TpexMepHasl Me4yaTb MOTYT MCIOJIb30BAaTbCS
JUIs1 CO3JjJaHUsl GUONpPOTE30B SIMUHUKOB. POJIHKY-
Jibl SINYHUKOB — 3TO chepuyecKkhe MHOTOKJIETOY-
Hble arperaThl, BKJIIOUAIOI[Me OOLUT U OKpyKalollre
ero OINOpHble KJIETKH, IpaHyJ/e3y U TeKa-KJIeTKHU.
CoepougHasa dopma dosvKyna UMeeT pellaroliee
3HA4YeHHE JJIs1 ero BbDKUBAHUSA U QYyHKIMOHHUPOBa-
HUS, MTOCKOJIbKY IO/ieP>KUBAIOLIMEe KJIETKH J0JIKHBI
KOHTaKTUPOBATh C OOLUTOM /[0 Te€X MOp, IOKA OH He
co3peeT U He GYZIET TOTOB K OBYJIALUU. UMeHHO [y
nojJiep>KaHus 3TUX MEXKJIETOYHbIX B3aUMO/IEMCTBUU
U GopMbl GOJUTHUKYIA MOXKET UCIOJIb30BATbCS TPeEX-
MepHasi MaTepuasibHas cpeja. B kauecTBe IMepBbIX
I1ar0OB K 3TOM 11eJT1 ObIJIU MCI0/1b30BaHbl U3BUJIMCThIE
TpexMepHble MeYaTHble MOPUCTbIe TUJpOresieBbie
KapKachl C MbIIIMHBIMHU QOJUTUKY/IAaMH, 3aCesTHHbIMHU
Ha BCIO IIyGHUHY CJIOEB KapKaca, YTOObI CO3/1aTh Mbl-
HIMHBIA OUONPOTE3 SUYHUKA. BblIO MpejnosiokKeHo,
YTO 3TU KapKachl OyAyT 06GecrneYruBaTh TPEXMEPHYIO
noAJiepKKy GOJIIMKYJIOB U ITPYU 3TOM HO3BOJISATh IIPO-
WCXOJIUTh BACKYJSIPU3ALMU U OBYJSILUH, JJIS 4Yero
TpebyeTcsl onpe/ieJieHHast MOPUCTOCTb CTPYKTYpPHhI. B
ucciaenoBanuu Laronda M.M. et al. Ha 3D-mpuHTepe
ObLIM HaneYaTaHbl MUKPOMOPHUCTBIE THAPOreJieBbie
Kapkachol [42]. UccnemoBasioch, Kak U3MEHEHHE reoMe-
TPUH 11OP, JOCTUTaeMOe 3a CYeT U3MEHEeHUsI yIJIa Ipo-
JBWXKEHUS] MEX/ly HalevyaTaHHBIMHU CJIOSIMH, BJIUSET
Ha BbDKMBaHUe QOJIMKYJIOB IMYHUKOB. B nccienoBa-
HUM, IPOBEJIEHHOM Ha XUPYPTrUYeCcKH CTePUTU30BaH-
HBIX MbIIIAX, TOKa3aHO, YTO 3acesiHHble (OJINKYIaMHU
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KapKachl CTAHOBATCA CUJIBHO BaCKy/IspU30BaHHBIMH,
a GyHKUMS IMYHUKOB MOJTHOCTBIO BOCCTAHABJIMBAET-
cs [42]. AHasoTUYHbIe pe3yabTaThl ObLIU MOJIYYeHbI
U Ha cobakax: 1ocJjie co3/laHus 6HoNpoTe3a SUYHUKA
y co6GaK mopo/ibl OUIJIb B pe3y/IbTaTe eCTeCTBEHHOI0
CMapuBaHUs POXK/AATUCH LIEHKH, KOTOpble B Jja/IbHEeM-
IIeM XOPOILIO pPa3BUBAJIMCh B IePUO/, IaKTALUU MaTe-
pu [42]. Ilofo6HBIE PaGOTHI OTKPHIBAIOT OTPOMHBIE
IepCIeKTUBBI [JIs NALlUEeHTOK, KOTOPbIe B pe3y/bTaTe
JledyeHHUsl ONpeleIéHHbIX 3abosieBaHUM (HampuMep,
OHKOJIOTUYECKHX) MOTYT B JaJbHEHIIeH CTOJKHYThCS
C pasBUTHEM IMpexJeBpeMeHHOW HeJ0CTaTOYHOCTU
SIUYHUKOB U 6eCII0HEM.

Hble HaBbIKH M03BOJISIOT BUJETh NP06JIeMy «B 00be-
Me», C Y4eTOM CMEeXHbIX CUCTeM, TKaHel U OpraHoB,
HCKaTb [IepCOHA/IM3MPOBaHHbIEe PellleHus JJIs1 KaX/0-
ro nalyeHTa, pafiuKaJbHO CHMXKasl HeG1aronpusaTHbIe
NoCae[CTBUA XUPYyPru4eCcKoro BMellaTeJbCTBa.
Kpome sToro, cienyer MHpopMUpOBaThL akylle-
POB-TMHEKOJIOTOB X XMPYProB 0 BO3MOXXHOCTH NeYyaTH
Ha 3D-npuHTepe XUPYypruyeCcKUx MHCTPYMEHTOB IO
WH/MBU/yaJbHOMY JIM3alHY, 3TO MOXKeT BJOXHOBUTb
MX Ha BOIUIOLIeHHEe COGCTBEHHBIX MJeH U pa3BUTHe
OTe4YeCTBEHHbIX MHHOBAIIMOHHBIX pa3paboTok. Tpex-
MepHas [eyaTh JIeKapCTBEHHBIX $OPM M GUONPOTE30B
Tpe6yIoT 6oJiee CI0XKHBIX TEXHOJIOTHYECKUX pelleHU |

U B KJIMHUYECKOU MMPaKTHKEe B HACTOALIEe BpeMd ele
He NIpUMeHAEeTCA. OﬂHaKO, y4YUTBbIBAsA OrPOMHBIE IIEep-
CIIEKTHUBbI JdHHBIX HaHpaBHEHHﬁ, ciaeayer npegjycmoT-
peThb pa3sIndHbI€ 'PAHTHI AJIA UX PAa3BHUTHUA B Poccum.

HcToyHUK PUHAHCUPOBAHUS
[louckoBo-aHa/MTHYecKass paboTa poBeJieHa Ha
JINYHBIE CPeJICTBA aBTOPCKOI'0 KOJIJIEKTHBA.

KoH}uMKT uHTEpecoB

ABTOpBI JAQHHOW CTaTbU NOATBEPAUJU OTCYT-
CcTBUE KOH(QJMKTA UHTEPECOB, 0 KOTOPOM HeoOXoJ -
MO COOGILIUTb.

BrIpa:keHue NpU3HATEIbHOCTH
ABTOpBI BbIp@XKalOT NMPU3HATEJIBHOCTb MHCTUTY-
Ty usuku MeTtannos YpO PAH.

3AK/IIOYEHHUE

[IpescTaB/ieHHBIN JIMTEPATypPHBIA 0630p MO3BO-
JIeT cAesaThb BbIBOZ, yTo 3D-nmevyaThb B 06/1aCTH aKy-
IIepCTBAa M TMHEKOJIOTMM — aKTyaslbHOe, Habuparo-
1ee 060pOTHI HANPaBJIEHHE.

BHacTosee BpeMs B Poccuu cyliecTByeT BO3MOX-
HOCTb CO3/JaHHUsl aHATOMHUYECKUX MoJieslell penpoyK-
TUBHBIX OPTaHOB, KOCTHOT'O Ta3a, BHYTPUYTPOOHOTO
IJ10/a. DTa TEXHOJIOTHA [JO/KHA aKTUBHO NPUMEHSATh-
cA LIS CO3JjaHUsl Pa3/IMYHbIX CUMYJISITOPOB U 06yye-
HUSA CTYAEHTOB, OP/JHHATOPOB U Bpavyel-KypCaHTOB.
Opranusauusi Jjabopatopuid 3D-MofenupoBaHUs U
1e4yaTH MOXET CYLIeCTBEHHO MOBBICUTb 3PPeKTHUB-
HOCTb OOYy4eHHUs CTYZEHTOB U opAuHATOpoB. [1o/06-
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