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3D-MOJAEJIUPOBAHUE MOP®OJOI'NYECKUX OBPBEKTOB KAK METO/
N3YYEHUA MOP®OJIOTHYECKUX JUCIUIIJIMH

Kubim Oner Esrensesuy, Hyxxnun Ouner FOpbeBuu

Kadenpa anaromuu uenoBeka, Tonorpapuueckoil aHaTOMHUH U ONIEPaTUBHON XUPYPruu
®I'bOY BO VYpainbckuil rocyaapcTBEHHbIH MEAUIIMHCKUI yHUBepcuTeT Mun3apasa Poccun
ExarepunOypr, Poccus

AHHOTAIUAS

BBenenune. B Hacrosiiee BpeMsi aHaTOMBI MOJIYYHUIN BO3MOKHOCTh OCYIIECTBUTH 3HAUUTEIHHBIA CKAUOK B Pa3BUTHH
Hayku © oOpazoBaHuss. OJHMM U3 MCEPCICKTHBHBIX W AKTHBHO DPAa3BHBAIOIIMXCS HAMpPABICHHA B COBPEMEHHOM
Mopdonorun  sBasercs 3D-MonenvpoBaHME aHATOMHUYECKMX U IATOJOTMYECKUX oOpasoBanmii. Ha ocHoBe
pa3paboransbix 1H(poBeX 3D-Momenelt mpu momormm Mertoxa 3D-medaTH BO3MOXKHO CO3IaTh PEajibHBIC MOJCITH
Mop¢omorndeckux 00BeKTOB. K TOMy e B MOCIEIHHE TOABI CPENHSS CTOMMOCTh yciyr 3D-medatd CyIiecTBEHHO
CHHU3WIIACh, UTO JIeNIacT IPUMEHEHNE TICUYaTHBIX MpernapaToB 0oiee JOCTYMHBIM [4]. 3HaunTenpHOe mpenMyInecTBo 3D-
MoJIeNiell 3aKIF0YaeTCs B OTCYTCTBHH ITHYECKMX M HOPMATHBHBIX MpPOOJEM MPH WX WCIONB30BAaHUH, B OTIHYHE OT
HactosAmux mpemaparoB. Lleas HccjegoBaHus — TPOBECTH aHAIM3 MHPOBOTO OIBITa HWCHONB30BaHUA 3D-
MOJICIMPOBAHMS B 00pa30BaHUM, OCBETUTH METOANKY co3fmanus 3D-Monerneit Mopdorornieckux 00BeKTOB, 0003HAYHTH
MIePCTIEKTUBBI Pa3BUTHSI JAaHHOTO MeToa. MaTepuaa u MeToabl. OCyIIECTBIICH 0030p ¥ aHAJINU3 COBPEMEHHBIX HayYHBIX
myOnukanui, ObUT HCMONBb30BaH MeToa 3D-MomenupoBaHUs TPyAWHBI uenoBeka. Pedyabtarbl. OcyliecTBieHa
NoJIHOLIeHHas pa3padborka u SLS 3D-neuars mozaenu rpyaussl no aanHbeiM KT-cHumkoB nanuenta I1. BeiBoasl. 3D-
MOJIETUPOBaHUE HWMEET OOJIBIION TOTEHIMAT B MEAMIIMHCKOM oOpa3zoBaHuu. HeoOXoawmo pa3BHBaTh JaHHOE
HamnpasyieHrue B PO u MHTErpupoBaTh €r0 B pa3aUyuHbIe NTUCUUIUIMHBI U CIIEHAPUU UCTIONB30BaHus. 3D-MonenupoBanue
MIPEOCTABIICT HOBBIE BO3MOKHOCTH ISl M3Y4YCHHST MOP(OJIOTHYSCKUX TUCHIUILINH, NeNas mporecc oOydeHus Ooiee
HATJISTHBIM ¥ HHTCPAKTUBHBIM.

KiroueBble ciioBa: o0pa3oBaHHe, aHATOMUS, MATONIOTHs, Mopdoorus, mepcnekTuBsl, 3D-moxens, 3D-nevats, 3D-
MOJICITUPOBaHUE

3D MODELING OF MORPHOLOGICAL OBJECTS AS A METHOD OF STUDYING
MORPHOLOGICAL DISCIPLINES

Knysh Oleg Evgenievich, Nuzhdin Oleg Y urievich

!Department of Human Anatomy, Topographic Anatomy and Operative Surgery

Ural State Medical University

Y ekaterinburg, Russia

Abstract

Introduction. Currently, anatomists have the opportunity to make a significant leap in the development of science and
education. One of the promising and actively developing areas in modern morphology is 3D modeling of anatomical and
pathological formations. Based on the developed digital 3D models using the 3D printing method, it is possible to create
real models of morphological objects. In addition, in recent years, the average cost of 3D printing services has decreased
significantly, which makes the use of printed objects more accessible [4]. A significant advantage of 3D models is that
there are no ethical or regulatory issues associated with their use, unlike real exhibits. The aim of the study isto analyze
the world experience of using 3D modeling in education, highlight the methodology for creating 3D models of
morphological objects, and outline the prospects for the development of this method. Material and methods. A review
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and analysis of modern scientific publications was carried out, and the method of 3D modeling of the human sternum was
used. Results. A full-fledged development and SLS 3D printing of a sternum model was carried out based on CT images
of patient P. Conclusion. 3D modeling has great potential in medical education. It is necessary to develop thisareain the
Russian Federation and integrate it into various disciplines and use scenarios. 3D modeling provides new opportunities
for studying morphological disciplines, making the learning process more visual and interactive.

Keywords. education, anatomy, pathol ogy, morphology, perspectives, 3D model, 3D printing, 3D modeling

BBEJIEHHUE

Mopdonorus yenoBeka Kak Hayka Ha HPOTSDKEHHMM MHOTHX JIET HCIOJB30Baja METObI
UCCIIEIOBAaHMUsI M TOAXOJbI, NPHUMEHSIOLIMECS €ellle ee OCHOBaTelsiMU. B HacTosmiee Bpems c
pa3BUTHEM TEXHOJOTMA H IU(pOBU3AIMEl OOIIECTBa, aHATOMBI MOJYYHJIM BO3MOXKHOCTH
OCYLIECTBUTh 3HAYUTEIbHBI CKA4OK B pa3BUTHM AHATOMUYECKOM HAyKH M MEIUIMHCKOTO
oOpazoBaHusi B 1enoM. B Hacrosmee BpeMs c(OpMyIMpOBAaHO TMOHMMAaHUE HEOOXOIUMOCTH
pa3paboTKK M BHEApPEHHs B Ipolecc 00ydeHus Ha MopQosoruueckoi kadeape MpUHLUIHAIBHO
HOBOTO TOJX0/Ja K MPHUOOPETEHUIO NPAKTUYECKUX HABBIKOB CTYJIEHTAMH, pealIH3aluu HX
TEOPETUUYECKUX 3HAHUM B MPAKTHKE Yepe3 HOBBIE, JOCTYIHbIE UM MH(OPMAIMOHHBIE TEXHOJIOIMU
[2]. OmHMM U3 NEpPCHEeKTHBHBIX M AKTUBHO pAa3BUBAIOIIMXCS HANpaBICHUM B COBPEMEHHOM
Mopdomnorun sBisiercst 3D-moxenupoBanne M 3D-meyath aHATOMUYECKHX M IMATOJOTHYECKHX
obpa3zoBanuii. [IpekpacHO H3BECTHO, YTO B HACTOsIEe BpEeMs CYILECTBYET Pl HpobdieM U
OTpaHUYEHUH, CBSI3aHHBIX C IPUOOPETEHNEM M XPAaHEHUEM TPYIIOB, YTO MIPUBOIHUT K OTPAHUYCHHOMY
MCIOJIb30BAHUIO TPAJUMLUOHHBIX MpenapaToB. 3HAUMUTENbHOE IpeumyliecTBo 3D-moxeneir Hax
HACTOSIIMMHU IIperapaTaMy 3aKIF0YaeTCs B OTCYTCTBUU STHUECKUX U HOPMATHUBHBIX IPOOIEM MPH UX
UCIOJIb30BAHUU U HEOOXOJUMOCTH CIIOXKHOrO crenududeckoro xpanenus. [1, 4, 5]. Tem Ooinee, B
MOCJICTHUE TOIBl CPEAHAS CTOMMOCTh yciuyr 3D-medaTd, Kak OJHOTO W3 BO3MOKHBIX ITyTEH
ucnoib3oBanus 3D-mozeneil, CylmeCTBEHHO CHHM3WIACh, YTO JI€laeT IPUMEHEHHE IeYaTHbIX
npernaparoB B OOJBIIMHCTBE Y4YeOHBIX ayauTOpWil ropas3no noctymHee [4]. A cOBpeMEHHbIC
HMHTEPHET-PECYPCHI IO3BOJISAIOT CTYICHTaM ITOJIHOLEHHO UCIOIb30BaTh U U3Y4aTh OTCKAaHUPOBAHHBIE
CTPYKTYPHI U IpernapaTsl yaanéHHo (B dopmare Buaeonekunii, 3D-moaenei u T.11.).

Leab mucciaeqoBaHusi — NPOBECTH aHAIM3 MHUPOBOIO OIbITa MCIMOJIB30BaHUSA 3D-
MOJIETTMPOBaHUs B 00pa30BaHUM CTYAEHTOB U OpAMHATOpoB. OCBETUTh METOAUKY co3jnaHus 3D-
MoJiesiell aHaTOMUYECKHUX U MAaTOJOTHYecKuX oOpazoBaHMil. O003HAUNTh MEPCHEKTUBBI Pa3BUTHUS
JAHHOTO METOJ]a B COBPEMEHHOM MEIMIIMHCKOM 00pa30BaHUH.

MATEPHUAJI U METO/bI

OcyuiecTBieH 0030p M aHalu3 COBPEMEHHBIX HAyyHBIX MyOnukauumid no teme 3D-
MOJICJIMPOBAaHUST MOP(OIOrHYECKHX CTPYKTYp B 0Opa3oBaTelIbHOM M KIMHUYECKOH mpakTuke. B
pabore Obu1 Hcmonb30BaH MeToj 3D-MoaenupoBaHus TpyIduHbl yenoBeka. lcmosb3oBanoch
nporpammuoe obecrieuenne (I10) mms mpocmotpa meautmHckux DICOM-daitnos «Inobitecy,
«3Dim Viewer»; mocneaymomias nopadoTka Bocco3gaHHo Ha ocHoBe KT-cuummkoB 3D-monenu
ocymectBisiack B [1O ans o6paborku 3D-konTeHTa «Blender». 3D-mevars mMopenu rpyauHbI
OCYIIECTBIISUIACH 10 TEXHOJIOTHH CEIIEKTHBHOTO JiazepHoro crekanus (Selective Laser Sintering
(SLS)) mpu nomoiu 3D- npuntepa Anycubic Photon Mono MSs.

PE3YJIbTATHBI
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1 Vinoburex DICOM-TipocmaTpiywk Mpodeco paxupn 2.12.1.11579 - arno N1 (1
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Puc. 2 OtpenakrupoBannas B “Blender” 3D-monens rpyaunsl namuenTa [1

OcymiectBiieHa mojgHOIeHHas: pa3zpadboTka u SLS 3D-meuats Mogenu rpyiuHbI IO JIaHHBIM
KT-cuumkoB nauuenta I1 npu corpynuudectse ¢ YUJI «Mopdonorum»y CamI'MYV.

Jna cozpanus nugpoBoit 3D-Mozxenu HEOOXOAUMO 3arpy3uTh MHTEPECYIOIIME CHUMKHU B
dopmate DICOM (Digital Imaging and Communications in Medicine) B crernaipaoe 1O s
npocMoTpa u penakuuu cHUMKOB (Inobitec, 3DimViewer, Autoplan, RadiAnt...). Ykazannoe [10
(Puc. 1) cmocoOHO BOCcO3maTh M3 3arpyKEHHBIX CHUMKOB OOBEMHYIO MoOjenb. MHTepecyroiee
oOpa3oBaHHe CleyeT CEerMEHTHPOBAaTh M3 OOLIEro CHUMKA, CO3/1aTh IMOBEPXHOCTb IO JaHHON
MOJIENI U 3aTeM dKcIopTHpoBath B ¢opmare stl (Standard Tessellation Language). Tak kak He Bce
3D-momenu KT u MPT cHuMKOB 00:1a/1al0T HEOOXOIMMON TOYHOCTHIO M300paKeHUS, He00X0[uMa
nanpHelmas nqopabotka oOpa3oBaHus. JlaHHBINA 3Tal MOKET OBITH OCYIIECTBJIECH B pa3zinuyHoM [10
st 00paboTku 3D-koHTeHTa, Hanpumep, B OecruiatHoM [10 «Blendery. [1pu momommm ykazaHHOTO
ITO Heo6X0IMMO BOCCTAaHOBHUTH LIEIOCTHOCTh LU(POBOM CETKH 3arpyK€HHOro oOpa3oBaHUS B
pexume «mashy», a B nanpHeiieM, B pexxuMme «sCulpt» npuaats Mojenu HeoOxoaumyro GopMy U
tekcTypy (Puc. 2). ITocne 3Toro o0bekT MoOkeT ObITh HameuaTtaH Ha 3D-mpunTepe. s meuatn
HE00X0IMMOM MOZIeNH TpeOyeTcst 3arpy3uTh B Iporpammy-ciaiicep 3D-npunTepa ¢aiii ¢ 00beKTOM.
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[IpuHTEep HCMONB3yEeT MOCIOWHYIO HApe3Ky 3arpyXeHHOH Mozenu (MpuU TOMOIIU MPOTPaMMBbI-
crnaiicepa mpoucxoauT mepeBop stl-daiima B G-kox), mpuueM TouHOCTH HcxonHoro DICOM-
M300pakeHNs U CO3JJaHHOIO Ha €ro OCHOBE stl-00beKTa MponopLUUOHaIbHAa TOYHOCTH MOTy4aeMOn
IIPY N1€YaTH MOJEIIN.

OBCYXJIEHHUE

B coBpeMeHHOI MeaUIMHE MHUPOKO UCIOJIB3YIOTCS METOAbl KOMIIBIOTEPHOW BU3yaJIM3alluU
JUI CKaHMPOBAHUS U UCCIENOBaHUsA OpraHoB manueHrta [3]. Ha ocHOBe JaHHBIX, NTOJYYEHHBIX I10
pesyabTaTtaM AaHHbIX MeTon0B (B uactHoctd KT u MPT), Bo3MOXkHO co3/laHHE€ MaKCUMalIbHO
pEeATMCTUYHBIX NEepCOHU(UIMPOBAHHBIX 3D-mozeneil, KOTOpble MOTYT OBbIThb HCIOJb30BAHBI B
Pa3NUYHBIX OTPACHAX MEAWIUHBI M MEIUIMHCKOro oOpa3oBaHuUs. J|aHHBIN METOI BU3yalU3aIHU
obecreyrBaeT BO3MOXKHOCTh II0-HOBOMY B3IVIAHYTh Ha HpPEAMET HM3Y4YeHHUS MOPQOIOrMYECKUX
JUCHMIUIMH Kak B MeIMUMHCKUX BVY3ax, Tak M Ha ypOBHE NOCTIUIUIOMHOIO MEIUIIMHCKOTO
obpa3zoBanus. O3HaKaMIIMBAaeT CTYJEHTOB C PEaIMsIMU COBPEMEHHOW MEIUIUHbI, [TOJrOTOBUTh K
HCII0JIb30BaHUIO COBPEMEHHBIN MET0/10B KoMubloTepHOM Buzyanusauuu: MPT, KT u Y3U.

Kpome Toro, BellieonucanHasi METOAMKA MTO3BOJIAET U3y4yaTh MOP(OJIOTUIO U OCYILECTBIATh
HAY4YHYIO JICATENIbHOCTh 0O€3 WCIONb30BaHMs HATypajbHBIX IPENapaToB, UTO  SBISAETCS
3HAYUTENIBHBIM IIPEUMYILECTBOM, I[PUHMMAs BO BHUMAHHUE BBIIICYINIOMSHYTHIE CIIOKHOCTH C
HCII0JIb30BAaHUEM TPYIIHOIO MaTepuara.

bnaromaps ucnonp3zoBanuio 3D-Mozenell CTyACHTBI CMOTYT JIyYIl€ OCMBICIIATH PEalIbHBIC
ctpykTypsl [3]. KpaiiHe Ba)kHO M HEOOXOJIMMO BOCCO3[aTh MOJEIM OpPraHOB B HOPME U IpHU
natonorusix. Tak Wu et al. (2018) onpenenunu, 4T0 UMEHHO MATOJOTHYECKHE OOJIacTeil Tena co
CIIO)KHBIMM AHATOMHYECKMMM COOTHOLICHUSMHM (HampuMmep, Ta3 WIM TO3BOHOYHMK), JIydlle
BOCIIpUHMMarOTCss 1pu  nomouy 3D-moneneil. Kpome toro, oOyuenue Ha 3D-mopensx
BOCIIPHHUMAETCSI CTYJICHTaMH yCIenHee, 4eM u3ydeHue 2D-n3o0paxenuii [6].

BbIBO/IbI

1. 3D-mopmenupoBaHWE TIOKa3bIBACT OOJBIIONW MOTEHIMAT CBOMX BO3MOXHOCTEH B
MEIULIMHCKOM oOOpa3oBaHuM. B cBsA3M ¢ pacTymuMu oO0pa3oBaTeIbHBIMH M MEAULIUHCKUMHU
TpeOOBaHUAMHU HEOOXOAMMO pa3BUBATh JaHHOE HampasiieHHe B BY3ax P® u unTerpupoBats ero B
pa3IMyYHbIE TUCUUIUIMHBI U CLEHAPUU UCIIOJIb30BaHUS.

2. HWcnonws3dys uu¢ppoBble U HaleyaTaHHbIE MOJEIH, CTYIEHTbl CMOTYT JIydlle
BU3YQJIM3UPOBAaTh M BOCHPUHUMATh TNPOYMUTAHHYI0 B Y4YeOHBIX MOCOOMAX HH(POPMAIHUIO.
[Ipumenenue 3D-Moneneil Mo3BOJISIET JTydllle TOHATh aHaTOMUIO U naTosoruto yenoseka. KT u MPT
C JOOBIM HMHTEPECYIOUIMM BapHMaHTOM MOP(OJIOrMH WM K€ FOTOBBIH aHAaTOMUYECKUH mIpenapar
BO3MOXXHO OIIM(POBATh U MPEBPATUTh B HATMsAAHYI0 3D-Mozens Ui nanbHEeHIero uernoib30BaHus
B 00pa3oBaHUH.

3. CoBpeMeHHBIE NMOAXOAbI K OOpa3s0oBaHMIO MO3BOJIAIOT CTYIEHTaM M IPENoAaBaTessiM
palnMoHaTU3UPOBaTh BPEMEHHBIE PECypChl, 00ECIeUNBAIOT CTYAECHTAM BO3MOXKHOCTbH TILATEIbHEE
u3y4yaTb HOpMajbHbIE U INATOJIOTMYECKUE CTPYKTYpHI, oOecnieunBas (OpMHpOBaHHE y CTYAECHTOB

KJIIMHUYECKOT'O MBILLICHUS.
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OI'bOY BO «Ypanbckuii rocy1apCTBEHHbIM MEAUIIMHCKUN YHUBEpcUTET» MuH3apasa Poccun

ExarepunOypr, Poccus

AHHOTALUA

Beenenmne. I[locMepTHas QuarHOCTHKa JIeKapCTBEHHOro aHaduiakrtuueckoro moka (JIAL) mnpexacraBnser coOoii
CIIOKHYIO 3a7a4y, 4TO OOYCJIOBJIEHO OTCYTCTBHEM CHEeUU(PHUIECKUX MOP(POIOTHUECKUX W3MEHEHHMH IpU MPOBEICHUU
ayTOINICHH. AKTYaJIbHOCTh IPOOJIeMbl MmocTMopTanbHOW auarHoctuku JIAILL ompenensercss MPOTHBOPEUHEM MEXKTY
OTEYECTBEHHBIM IOJXOJOM, OaszupylomuMcs Ha KIMHWYECKMX JaHHBIX W BBIABICHUH HECHEIU(PUISCKON
MOP(QOJIOTHYECKOH KapTHHBI NPU NPOBEACHHH BCKPBITHA C Y4YETOM OOCTOSTENBCTB HACTYIUICHHS CMEpTH, H
MIATOTCHETHIECKUM TIOIXO0I0M, MPAKTHKYEMBIM B 3apyO€XHBIX CTpaHaX M OCHOBAHHOM Ha BEpH(MKAIMK KIIOYEBOTO
3BE€Ha TMaToreHesa — aerpanyisaimu TydHblX kieTok (TK). Ileas mccineqoBaHusi — IpHBICYb BHUMaHHE CyAEOHO-
MEIUIITHCKIX SKCIEPTOB K MpodiieMe mocTMopTanbHoi auarnoctuku JIAILL. MaTtepuan u metoasl. PaboTa BrimonHeHA
Ha Marepuajax IHOBTOPHBIX KOMHCCHOHHBIX CYAE€OHO-MEIMIMHCKHX JKcrepTu3 AByXx ciydaeB JIAILL ¢ neTtanbHBIM
HCXO0JIOM, MPOBEJCHHBIX B OTAEICHUH CyIeOHO-MEIMIMHCKUX HCCIeI0BaHUH Ypanbckoro ¢uimana (¢ AUCIOKaluel B
ropone ExatepurOypr) ®I'KY «CynebHo-skcnepTrbii neHtp CrenctBeHHoro kommreTa Poccuiickoit Demeparumy.
Pesyabratsl. [Ipn aHanm3e mMarepuaioB NMEPBHYHBIX CyNeOHO-MEAMIIMHCKUX SKCHEPTH3 B OJHOM CIydae BBISIBIICHA
runoauarsoctuka JIAI, craBiiero Npu4YMHON CMEPTH NPU OKa3aHUM MEIUIIMHCKOHN MOMOIIH, a BO BTOPOM cilIydae —
OTCYTCTBHE €ro JOCTOBEpHO# Mopdosoruueckoit Bepudukanuu. Vcnonp3zoBanne MIX-mMeTomuKu A BBIABICHUS
naTorHoMoHnyHoro npusHaka JIAIII — nerpanymsmuu TK mo3Boimiao B 000MX CiIydasX YCTaHOBHTH JOCTOBEPHYIO
npudanHy cMeptd. BeiBoabl. IlocmepTtHas auarnoctuka JIAIL momkHa OCHOBBIBAThCA Ha BepH(UKAIUH KIHOYEBOTO
3BEHA MTaTOreHe3a — JIeTPaHy AN TYYHBIX KIETOK C IPEANOYTUTENBHBIM HcTIoNb30BaHneM UI'X MeToauk.
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Abstract

Introduction. Postmortem diagnosis of drug-induced anaphylactic shock (DIAS) is a complex task due to the lack of
specific morphological changes during autopsy. The relevance of the problem of postmortem DIAS diagnosis is
determined by the contradiction between the domestic approach, based on clinical data and identification of nonspecific
morphological findings during autopsy considering the circumstances of death, and the pathogenetic approach practiced
in foreign countries, based on verification of the key link in the pathogenesis - degranulation of mast cells. The aim of
the study isto draw the attention of forensic medical experts to the problem of postmortem DIAS diagnosis. Material
and methods. The study was conducted on the materials of repeated commission forensic medical examinations of two
cases of DIAS with fatal outcomes, carried out in the forensic medical research department of the Ural branch (located in
the city of Yekaterinburg) of the Federal State Forensic Expertise Center of the Investigative Committee of the Russian
Federation. Results. Analysis of the materials from the initial forensic medical examinations revealed hypodiagnosis of
DIAS in one case, which was the cause of death during medical assistance, and the lack of its reliable morphological
verification in the second case. The use of immunohistochemical staining techniques to identify the pathognomonic sign
of DIAS - degranulation of mast cells allowed to establish the definitive cause of death in both cases. Conclusion.
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