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AKTYAJIbHBIE BOITPOCHI HEBPOJIOTUU Y HEVIPOXUPYPTU

DOI: 10.15690/vramn681

B.A. BuiBaabues!: 2:3, A.A. Kaaunun': 2, E.I. Beapix! 3, . A. Ctenanos!

! UpKyTckuit rocyqapcTBeHHBII MeAMLIMHCKUI yHUBepcuTeT, UpkyTck, Poccuiickas ®enepaus
2 JlopoxHas KJIMHUYecKas 6onbHnLa Ha 1. Upkyrek-Tlaccaxupekuit, Upkyrck, Poccuiickas ®enepanus
3 UpKyTCKUil HayYHBII LEHTP XMpYpruu u tpaBmaronoruu, Upkyrck Poccniickas Menepanus

CumMyJisiliHOHHBbIE TEXHOJIOTHH
B CIUHAJIBHON XUPYPrum

Ilpedcmagaennsiii 0630p Aumepamypsvr ompaxcaem co8peMeHHoe COCMOoAHUe CUMYASUUOHHBIX MEXHON02UI 8 HellpoXupypeuu u 6 YacmHoCmu 8
CcnuHaAbHoU Xupypeuu. B nacmosujee epems cywecmeyom pasauunvie gudvl MeXHUHECKUX NPUAONCCHUT, UCNONb3YEMbIX 8 XUPYPeUU HO360HOUHU-
Ka, cpedu Komopuix evbideasiom Ouonsoeudeckue, UCKYCcCmeeHHbvle U GUPMYaibHvie Mooeau. Imo cnocoocmeyem onmumMaisbHOMY U3yUeHUuo ana-
MoMUU, NOHUMAHUIO RPOCIMPAHCMBEHHBIX 83AUMOOMHOULEHUL OP2AHO8 U MKAHel, NPAGUALHOMY NAAHUPOBAHUIO IMANO08 ONePAMUBHO20 Meula-
meabcmea, NoAYHeHU0 MaKmuabHbIX HA8bIK08. Bredpenue cumyasayuoHHbIX MeXHOA0UI 8 Npoyecc 00yUeHus n0380asem 00seKmUBHO OUeHUBAMb
UCXOOHDLIL YPOBEeHb NPOPEeCcCUOHANLHOU NOJ2OMOBKU, NOGLIUAMY YPOBEHb KOMNEeMEHYUU CReUYUAAUCmOo8, a makajice npedynpejucoams ounuboyHole

deiicmeus epanez? 6 PA3NUYHBIX KAUHUHYECKUX cumyauusax.

Karouegvte caosa: cumynsyuontvle mexHono2uu, Helipoxupypeus, CRUHAAbHAS XUpypeust, Mo0eau, mpeHuHe.
(s yumuposanus: briBanpiieB B.A., Kanunun A A., Benbix E.I"., CrerntanoB U.A. CUMYJISIIMOHHBIE TEXHOJOTUHY B CMTMHAJIBHOMN XUPYPrUM.

Becmuux PAMH. 2016;71(4):297—303. doi: 10.15690/vramn681)

AKTyaJIbHOCTh

B nocnenHue HECKOIBKO JIET B OTEYeCTBEHHOM MEIUIINH-
CKOM COOOIIIeCTBE aKTUBHO 00CyKmaeTcst mpobieMa BHeIpe-
HUST CUMYJISIIIMOHHBIX TEXHOJIOTHH B TIpoliecc 0OyJIeHUs Bpa-
4yell pa3MUIHBIX CIIEUATBHOCTEN, B TOM YMCIIe 71T OKa3aHUS
TMaleHTaM CTeIUaIN3NPOBAHHON M BEICOKOTEXHOJIOTUIHOM
oMot [1]. CUMyISIIIMOHHBIE TEXHOJIIOTUU UTPAIOT BAXKHYIO
ponb B OOyYeHUUM CTYIEHTOB MEIWIIMHCKUX BY30B, TaK Kak
TIPENCTABISIOT COO0I MAeaThbHBIN CTIOCO0 TTONyYeHUsT TpaK-
TUYECKOTO OITbITa B 0O€30TacCHBIX IS 3MOPOBbSI IAlMEeHTa
ycnoBusix [2]. TpeHUHT Ha CUMYIISIITMOHHBIX MOJEJISIX U TIAT-
dopmax mpencTaBisieT co00¥ pallMOHATBHBIN W MTPAKTUIHBII
TOIXOI K TIPUOOPETEHUIO M COBEPIIEHCTBOBAHUIO HABBIKOB
BO MHOTMX MEIWIIMHCKUX HAIMPAaBICHUSIX, B TOM YKCIe U B
CIIMHAJIBHON XUPYPTUU.

AKTyaJTbHOCTb HCIIOJTB30BAaHUSI CUMYJISIIMOHHOTO Tpe-
HUHTAa B CIWHAJIBHON XWPYPTUU HE BHI3BIBAET COMHEHUN.
Tak, akTUBHOE BHEIpPEHME COBPEMEHHBIX JeUeOHO-IMa-
THOCTUIECKUX HEWPOXUPYPTUIECKUX METONUK OOBEKTUBHO
TOBBIIIIAET TOTPEOHOCTh B KBATMGUIIMPOBAHHBIX Kampax,
CIOCOOHBIX 9((HEKTUBHO TPUMEHSITH BBICOKOTEXHOJIOTMYHOE
obopynoBaHUe. YCTaHOBIEHO, YTO TPEHUHT HA CUMYJISIIM-
OHHBIX MOIENSIX 3HAYUTETbHO TMOBBIMAET 3(h(PEeKTUBHOCTD
WCTIONBH30BAHUS TAKUX TEXHOJIOTHWI B TIPAKTUIECKOM 3IPaBO-
oxpaneHuu [3]. CoBpeMeHHbIE BHICOKOTEXHOJIOTUIHBIE OTIe-

panyy Ha TTIO3BOHOYHOM CTOJIOE M CITMHHOM MO3Te, TaK XXe
KaK ¥ UHTpaKpaHUATbHBIE BMEIIATEeIbCTBA, TPEOYIOT BHICOKO-
TO YPOBHSI CIEIMATM3NPOBAHHOTO OOYUIEeHUSI, Pean3yeMoro
B TOM YMCJIe ¥ Ha MYJsDKax, (paHToMax, MaHUITYISIIIMOHHBIX
TpeHaxepax, CUMYJISIIIUOHHBIX MOAETsX |3, 4].

CuMymsIus TPeJoCTaBIsieT XOPOIITYI0 BO3MOXHOCTD JIJIST
pPENeTUIINY TIPECTOSIIIIETO OTEePaTUBHOTO BMeEIIATEeIbCTBA
¥ TIO3BOJISIET HEWPOXUPYPTy BHIPAOOTATh YETKYyIO CTpaTe-
TUIO XONa OTMepali 1 ee HEeIOCPEICTBEHHOTO BHITIOTHEHMUS
Ha TIEPCOHATM3UPOBAHHBIX (DU3NIECKUX WU BUPTYATBHBIX
Momensix. Paborasi ¢ CUMYNSIIMOHHBIM TpeHaXKepoM, Heii-
POXMPYPT MMEeT MPaBO Ha OIMMOKY, YTO TIO3BOJISIET ITpoaHa-
JIM3UPOBATh IPUUUHY TaKOBOU M M30eXKaTh ee MOBTOPEHUS B
peasTbHBIX YCIOBUSIX. Takke BO3MOXHO C(HOKYCHPOBAThCS Ha
OTIpeieJICHHBIX KOMITOHEHTaX CJIOKHOTO HaBBIKA, YTOOBI Ha-
YUUTBCS BHITIOJHATH UX Ha BEICOKOM ypoBHe [4, 5].

CuMyISIIMOHHBIE TEXHOJOTUM — 3TO TIEPCIIEKTUBHOE
WHBECTUIIMOHHOE HampasieHue. [lo manubiM Poccuiickoro
o011IecTBa CUMYISIIIMOHHOTO 00yueHust B Meauimae (POCO-
MEN), o coctosumio Ha 2014 T. B cTpaHe CO3IaHO OKOJIO
50 cUMYJISIITMOHHBIX LIEHTPOB, a K KoHiry 2017 1. rutaHupyetcst
opraHusoBaTh He MeHee 80 [6—8].

ITo KJTIOUEBBIM CIIOBAM «CUMYJISILIUST», «CIIMHATbHAS XU-
pyprusi» B 6a3e manHbix Pubmed Haiimeno 6oiee 600 paGor;
C KaXIIbIM TOIOM HaOJIIOMAeTCsT POCT YUCIIa MyOJIMKaIUid 110
NMAHHOI TeMe, COCTaBJIsIoInii mopsiaka 50—60 paGot B rox ¢

V.A. Byvaltsev!: 2:3, A A. Kalinin!: 2, E.G. Belykh!: 3, I.A. Stepanov!

Irkutsk State Medical University, Irkutsk, Russian Federation
2 Railway Clinical Hospital on the Station Irkutsk-Passazhirskiy of Russian Railways Ltd., Irkutsk, Russian Federation
3 Irkutsk Scientific Center of Surgery and Traumatology, Irkutsk, Russian Federation

Simulation Technologies in Spinal Surgery

This review reflects the current state of simulation technologies in neurosurgery and, in particular, in spinal surgery. Currently, there are different
types of simulations used in spine surgery including the biological, artificial and virtual models. Simulations help to facilitate an optimal study of the
anatomy, understand the spatial relationships between organs and tissues, plan properly the surgical intervention, and gain tactile surgical skills. The
implementation of simulation technologies in the educational process provides objective assessment of the initial level of training, improvement of the
competence in trained professionals, as well as prevention of surgical errors in various clinical situations.

Key words: simulation technologies, neurosurgery, spinal surgery, models, training.
(For citation: Byvaltsev VA, Kalinin AA, Belykh EG, Stepanov IA. Simulation Technologies in Spinal Surgery. Annals of the Russian
Academy of Medical Sciences. 2016;71(4):297—303. doi: 10.15690/vramn681)
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MaKCUMaIbHBIM KoM B 2012 romy 1 hopMUpoBaHUEM CTOM-
koro 1utaro ¢ 2013 roma (puc. 1).

Iens HacTosmIero 0630pa — aHaU3 COBPEMEHHBIX JIUTE-
paTypHBIX TAaHHBIX O TPUMEHEHUY CUMYJISIIIMOHHBIX TEXHOJIO-
TMI B CIMHAJILHOW XUPYPTUU.

I/ICTODI/Iﬂ Pa3BUTHUA CUMYJIANHUOHHBIX TeXHOJIOTHIA
B MeIUIIMHE

3HaHNe UCTOPUU CUMYJISIIIMOHHBIX TEXHOJIOTUI TTO3BOJISI-
eT 6oJiee 0CO3HAHHO OLIEHUTh YPOBEHDb PA3BUTHUSI COBPEMEH-
HBIX MeToIVK. HayaHo-TexHnueckuii mporpecc crocoocTByeT
COBEPIIEHCTBOBAHUIO MHOTHX OTpaciieil HayKu, B TOM YHCTIe
U CUMYJSIIUOHHOTO TpeHWHTa. Tak, HOBble Pa3pabOTKU B
00acTi XUMUU 00ECTICUNITH TTOSIBJICHNE TPEHAXKEPOB U3 TIIa-
CTUKA U CWJINKOHA, a Pa3BUTHE KOMITHIOTEPHBIX TEXHOJIOTHIA
3JI0KUJIO0 HAYYHO-TEXHUIECKUU (DYHIAMEHT IS BUPTyalb-
HBIX CUMYJISITOPOB.

[lepBbie yroMuHaHMS O TPYITHOW AMCCEKIINU B O0YIeHUN
Bpauell MpUHAIekaT rpedeckoMy ydueHoMy-menuky Kias-
nmuto [aneny (Claudius Galenus, 11 Bek H.3.). @aHTOMBI pOJI0OB
o n300peTeHbl Bo ®pannun B Havane XVIII Beka. [letep
Cadap (P. Safar) paspaboran oCHOBHBIC TTPUHIIUIIBI CepaCY-
HO-JIETOYHO-MO3TOBOM peaHUMAalNK U YOI HOPBEKCKOTO
TIPOU3BOIUTEINST PE3NHOBBIX WTpyliek AcmyHma Jlaspmana
(A. Laerdal) m3rotoBUTH CTaBIIWII BIOCTIEACTBUY 3HAMEHU-
ThIM MaHeKeH «Annie» (CIIIA, Hopserus, 1960-¢ rr.). ITo3xe
Maiikn I'opmon (M. Gordon) M3roToBUJI MaHEKeH TSI 00y-
YEHUsI UCCIIeOBAHUIO CEPIIETHO-COCYANCTON U IBIXaTeTbHOMN
cuctembl (CIHIA, 1968). C nomoripio coznanHoro B 1986 r.
B CToHMOPIACKOM YHUBEPCUTETE TTON PyKOBOACTBOM [IaBUIa
la6a (D. Gabb) aHecTe3MOJOTUYECKOTO CUMYJISITOpaA Mallv-
eHra «CASE» T'apBapacKoii KOO MEIUIIUHBI OBLTU TTOTY-
YeHbl yOenuTelbHble H0oKa3aTesbcTBa 3((HEKTUBHOCTU 00Y-
YAIONINX CUMYJSIIIMOHHBIX TexHonoruit. B 1993 r. oTkpswiics
LIEHTP MeAUIIMHCKOM cumynsiinu B [apBapre.

Co3naHue TepBOrO B MUPE BUPTYAJIBHOTO CHUMYJISITOpPA
IUTST XUPYPTUIECKUX MAHUITYJISIIUIA CcTano 3aciayroii Puyapma
Caraser (R. Satawa) [9]. [lepBble Helipoxupypruieckue Cu-
MYJISITOPBI OBUTM U3TOTOBJIEHBI B Havase 90-X TOMOB MPOIILIO-
IO CTOJIETHS W TTO3BOJIMIIA OTPAa0aThIBaTh 0a30Bble HABBIKU B
Helipoxupypruu. Ha ceromsimmHuii NeHb CUMYJISITMOHHBIN

70
60

=

% 50

=

g 40

o

[--]

& 30

(%)

£

=

S 2
10
0

TPEHUHT B HEMPOXUPYPTUH TIPENCTABICH IIMPOKUM CIIEKTPOM
TEXHOJIOTUH B 00JaCTU KpaHUAIbHON, MUKPOCOCYIUCTON
XUPYPTUU, HEAPOIHIOCKONUU U Ap. YTO KacaeTcsi pa3BUTHS
CUMYJISIIMOHHBIX TEXHOJIOTUI B OOJIACTY CITUHATLHOM XUPYP-
MM, TO 3a MOCJCIHUE HECKOJIBKO JIET OTMEYAeTCs] aKTUBHOE
pa3BUTHE 3TOTO HAIPABICHUS, YTO TOATBEPXKIACTC MHOTO-
YUCIEHHBIMU TYOIUKAIMSIMUA U MOHOTpadUsIMHU TIO TaHHON
temaruke [10, 11].

Buabl cHMYJISAIHOHHBIX TEXHOJIOTHIA,
NPUMEHSIEMbIX B CIIMHAJIBHOM XHPYPrun

CoBpeMeHHbIe CUMYJISIIIMOHHBIE MOJENU, TIPUMEHSIeMbIe
B CIIMHAJIIBHOW XWPYPTUU, TIPEACTaBICHBl HECKOJIbKUMU BU-
mamu. Cpenn Takux Mojesieil Hambojee pacrpoCTpaHEHBI
dusnueckne (TKaHeBble U MCKYCCTBEHHbIE) M BUPTYaJbHbBIE
(TIOJTHOCTBIO BUPTYAIbHBIE U MOJIETH C TOTIOTHEHHOW peatb-
HocThio) [12]. Kaxnbrit BUI CUMYJISIIUOHHON MOIECIN UMEET
CBOM JIOCTOMHCTBA W HemocTaTKu. Hampumep, TpeHWHT Ha
usnueckoit Momenuw TOJe3eH TMPU OTPAOOTKE OTHAETBbHBIX
9TATOB OMEPATUBHOTO BMEMIATEIbCTBA, OJHAKO MMEET Orpa-
HUUYEHHOE TIPUMEHEeHHNE B BOCCO3MAaHUU BCETO MEIUITMHCKO-
ro BMemiarenbcTBa. KoMImbioTepHbIe TpeHaxkepbl OCHOBAHBI
Ha CO3MaHWW BUPTYAIbHOW MOMENN, KOTOpash WMUTHUPYET
MTaTOJIOTUIECKOE COCTOSTHWE, MUAarHOCTUYECKYIO TPOLEIypY
WU OTIepaTUBHOE BMEIIATeTbCTBO. Vcmonb3oBaHMe Takoro
pona TpeHaxepoB TO3BOJIIET OOYIUTHCS MPAKTUIECKU BCEM
BUIAM MAaHUMYJSIIUNA B CMUHANBHON xupyprun. [Ipu stom
BBICOKAST CTOMMOCTb KOMITBIOTEPHBIX TPEHAXKEPOB W Majtast
MPUOIKEHHOCTh MOJIeNiell K pealbHOUM KIIMHUYECKOU CUTY-
aly OTPAaHMIMBAIOT UX IMUPOKOE TIPUMEHEHHUE B Tpollecce
obOyueHwmst [13, 14].

Kaodaeepuoie cumyasiuyuonnsie mooeau

M3BecTHO, YTO MCTIONB30BaHME KAIaBepHOTO MaTepuaia
B KavyecTBe CHUMYJSILUOHHBIX MOIENe B XUPYPTUM HACUU-
ThiBaeT crojetusi [15]. MMeHHO BO3MOXHOCTb M3YyYEHMS
TomorpauIecKoif aHAaTOMUY TPYTIa ChITPaia OTPOMHYIO POJTb
B OOy4YeHUMM XUPYProB U Bpaueii B 1eiom. bosee 80% ormpo-
IIEHHBIX PYKOBOMUTENIEHl TIpOTpamMM OOyJIeHUST HEBPOJIOTH-
yeckux xupyproB B CIIA u 3amamnoit EBpore BbIcKazamm
MHEHHE O HEOOXOMMMOCTH MIMPOKOTO WCTIOTb30BaHUS Ka-
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Puc. 1. KonnyectBo myOiMKalumii, pelieH3upyemMbix B Pubmed, HaiimeHHBIX MO KITIOYEBBIM CJIOBaM «spinal surgery», «simulation», «models»,

«training» 3a nepuon 1984—2016 rr.
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JMAaBEPHOTO MaTepuaja B KaueCTBe CUMYIISIITUOHHBIX MOJeIeit
IUIsI OTPAOOTKKM OCHOBHBIX IIPOLIEAYpP M MaHMITYJIstiuii [16].
IMpoBeneHne Takoro oOy4eHUsT HA TPYITHOM MaTepuaye 3a-
TparMBaeT MPaBOBbIe, dTUUYECKUE U (DUHAHCOBBIE BOTIPOCHI.
Bo mHoTHMX cTpaHax, B ToM uncie u B Poccun, psn paktopon
OTpaHUYMBAET WCIIOTh30BAaHME KaTaBepHOTO MaTepuaia B
00yYeHUU: CIOXHOCTU TPABOBOTO PETYIMPOBAHUS, OTCYT-
CTBUE CJIOXWBIINXCSI 3TUYECKUX IIPENCTaBIEHUl B 0OIIe-
CTBE, a TAKXKe OTCYTCTBHUE CIIYXKO IS TIOMYIeHUSI, XPaHEHUSI,
TPAHCTIOPTUPOBKY U 3aXOPOHEHUs MaTepuaja ¢ JTOCTOWHBIM
oOpanieHrueM M COOJIOAEHMEM BCEX 3TUYECKUX HOpM. B
psifie cTpaH B paMKaX IIPaBOBOTO TIOJIST CO3IaHa MH(MPACTPYK-
Typa sl 00ecIeueHUs] MEIUIIMHCKUX yIeOHBIX 3aBedeHU
KalaBepHbIM MaTepuasioM. B maHHOM acrekTe OCHOBHBIM
BOITPOCOM paccMaTpuBaeTcsl GUHAHCUPOBAHUE C IIEITBIO IO~
IepXaHus paboThl yKazaHHOU cTpyKTyphl. Tak, B CLLA npu
Takoif (hopMe OpraHM3aIMK 3aTPaThl HA OMWH KalaBep MOTYT
JMOCTUTATH NECSTKA THICSY MOJUTApOB.

3aMeHOIf YeIOBeYeCKOMY KalaBepHOMY MaTepuany B
OTpeesieHHBIX HOPMaMU TIpaBa W 3TUKU TIpefesax MOTYT
CITY>KWTb XWBOTHBIE MoIenu. B HeKOoTOpbIe TIporpaMMBbl 00Y-
yeHUs: crHAIbHBIX XxupyproB CILIIA BxiTrOueHB TpeHUHTH
Ha MOJEJISIX TTO3BOHOYHUKOB OBLIbI, TeJeHKa U oseHs [17].
M. Kalayci ¢ coaBr. [18] mpemIoXuim MeTOIUKY OOydeHUS
KJTacCUYeCKON MUCKAIKTOMHUM Ha TIO3BOHOYHUKE TeleHKa. B
2009 r. J. Walker ¢ coaBr. [19] coolmmam o co3maHuy Ha-
6opa st OTpabOTKM HABHIKOB B 0OJACTM MUHUMATHHO-WH-
Ba3WBHOU CIMHaIBHOU Xupypruu (Minimally Invasive Spine
Surgery, MISS) Ha mo3BoHOYHMKe cBUHBU. [1o3ke A. Alaraj
C COAaBT. OINKCATU [BE CUMYJSILIMOHHBIE MONENIU — YIIH-
BaHWE TBEPAOU MO3rOBON OOOJIOYKU W JIAMUHOIUIACTUKY
[20]. CumynaimoHHast MOIENb YIIMBAHUS TBEPIOI MO3TOBOM
000JIOUKY BBHITJISIZENIAa CIEMyIONMM O0pa3oM: NIBa KareTepa
®@osess BBOIUIW B SMUAYPATBHOE IMPOCTPAHCTBO [UTSI HAa-
THeTaHWST (DU3NOJIOTUIECKOTO PAcTBOpA TON NaBJICHUEM He
menee 90 MM pT.CT., 3aTeM TIPOBOIMIN JTAMUHIKTOMUIO U
pazpe3 TBep/oif Mo3roBoii obosouku. [Tocie aToro yuamuiics
BBITIOJTHSUT YITUBAHWE TBEPIOUW MO3TOBOW 00OJIOUKU, TepMe-
TUYHOCTS 1IIBa TIPOBEPSIIACH HaTHeTaHWEM pacTBopa. B cBoem
uccnenoBanuu H. Suslu ¢ coaBT. moapoOHO ommcany NCoIb-
30BaHNE CUMYJISIIMOHHONW MOJENY TTO3BOHOYHUKA OBIIBI TSI
OTPabOTKM MOSICHUYHON TUCKIKTOMUU, TPAHCIIEANKYISIPHOM
dukcanum, a TakkKe UYPECKOXHBIX TpaHChOpPaMUHAIBHBIX
BMEIIATEJILCTB Ha TTOSICHUYHOM OTIIesie TTO3BOHOYHMKA [21].

chyccmeermbte CUMYAAUUOHHDBLE Moodeau

HckyccTBeHHbBIE CUMYISITMOHHBIE MOMETN BKIIIOYAIOT B
ce0sT pa3TMIHbIe CHHTETUIECKUE MPOTe3bl, (DaHTOMBI, MYJISI-
xu. K HacTosiieMy BpeMeHUM pa3paboTaHbl MCKYCCTBEHHBIE
MOMeNU i1 paboThl B Pa3MUIHBIX OONIACTSIX MEIUIIMHBI,
B TOM 4NCIe W B CIMHAJIBHOU xupypruu. Takoe OypHOe
pa3BUTHE MCKYCCTBEHHBIX MOJEJEIl CBSI3aHO C TOSIBICHUEM
3D-npuHTEPOB, KOTOPHIE MO3BOJSIIOT ¢ MAaKCUMAJIbHON TOU-
HOCTBIO CO3aTh JIIOOYI0 aHATOMUYECKYIO CTPYKTYPY UesIOBe-
YECKOTO OpTraHn3Ma 10 JaHHBIM MarHUTHO-PE30HAHCHOW WITN
KommbloTepHoit Tomorpaduu (MPT, KT). Haubonee texHu-
YECKW TPOCTHIM sIBJsieTcsl 3D-TieuaTh KOCTHBIX CTPYKTYp TIO
nmanabiM KT [22].

Cpenu pacrpocTpaHeHHBIX NCKYCCTBEHHBIX MOIeNel st
CMIMHAJIIBHOTO TPEHWHTA CIIeAyeT OTMETUTh aMepUKAHCKYIO
pa3paboTKy OTIOeNeHNs] HeMpOXUPYPTUM YHUBEPCUTETA IITA-
ta WmmmHO¥C U MeXxaHW4ecKOTO KOHCTPYKTOPCKOTO OI0po
Bpamm, xoTopast ipeacTaBisieT co00l CUMYISIIIMOHHYIO MO-
JIeb TMOSCHUYHO-KPECTLIOBOTO OTIeNa MO3BOHOYHUKA pe-
6enka [23]. TpeHaxkep co3maH U3 pa3sTUIHBIX CHUHTETUYECKUX
MaTepuasoB, YTO OTpaxkaeT Pa3Hylo CTeNeHb YIPYTroCTH U
SJIACTUYHOCTH CTPYKTYP MOIENU TIO3BOHOYHMKA. JlaHHBIN

TpeHaXep MOXeT ObITh MCITOIb30BaH TSI MMUTAIINU OTlepa-
TUBHOTO BMEIIATEIbCTBA TMPU PATUIHBIX AHOMAIMSIX TO-
3BOHOYHUKA Yy HeTeil (spina bifida, ToTanbHOE MW YACTUYHOE
CTUSTHUE CMEXHBIX IMMO3BOHKOB, CTIOHAWJIONNCTE3 U IIp.).
Kpowme Toro, ykazaHHast MOIesb MOXET OBITh MCITOIb30BaHA
TpU CUMYJISITAA MUKPOANCKAITOMUY U TIEPEIHET0 MEXTell0-
Boro crnioHmuione3a. B 2012 r. O61ecTBO HEBPOJIOTMUECKUX
XUPYPTOB TIPEITIOKUIO CBOIO MOAEID TSI CUMYJISIIIUY TIepe-
HETO MEXTEJIOBOTO CIioHmuone3a [24, 25].

[lnanupoBaHWe BMeIIaTeNbCTBA U TPEHUPOBKA Ma-
HYaJIbHBIX HaBBIKOB PEANM3YIOTCS TakkKe Ha (DU3MIecKux
3D-Monensix u3 mMarepuana, TOJOOHOTO MO CTPYKTYpe KOCT-
Hoit Tkanu (Sawbones, CIIIA). Takue MaHeKeHB PEKOMEH-
TOBAHBI TS IPAKTUKU (DOPAMUHOTOMUU U TAMIUHOTOMUU Ha
IIeITHOM ypoBHE [25], 0Oy4eHUsS ONTUMATIbHON TPAacKTOPUU
YCTAaHOBKU TPAHCIIEANKYISIPHBIX BUHTOB. CTOUT OTMETHUTH
erie OJHY CUMYJSIIMOHHYIO MONENb ISl CIIMHAIBHOTO Tpe-
auara — DURA-GUARD (Synovis Surgical, CIIIA), npen-
CTaBJISIIONIYIO COOOW TOHKUM JIMCT UCKYCCTBEHHOW TBEepHOH
MO3TOBOI 000JIOUKH, HAa KOTOPOIl OTpabaThIBAIOT HATOXKEHUE
IIBOB-IEePKAJIOK U YIIUBaHNE 000JIOUKH B YCTIOBUSIX MEXaHM-
YEeCKOTO OTPaHMUYCHUSI KOCTHOTO OKHa [26].

Bupmyaavnvie cumyasyuonnvie modeau

BupryanbHble CUMyNSUMOHHBIE MoOmenW 00JagaioT
OTPOMHBIM TIOTEHIIMAJIOM, W, BO3MOXHO, B OymyleM OHU
CTaHyT OCHOBHBIM METOIOM OOy4YeHUs B MeauumHe [27]. Ha
CETOMHSIIIHUY IeHb BUPTYaTbHbIE TEXHOJIOTHY B CTUHATBHOM
XUPYPTUU TIOKA HAXOMATCS Ha HAYaJIbHOM 3Tarle CBOETO pas-
BUTHS, TEM HEe MEHee yXe CO3[aHO HEeCKOJIbKO YHUKAIBHBIX
TPEHAXEPOB, CUMYJIUPYIONINX TTOJHOLIEHHBIE OTEpaTUBHbBIE
BMeIIATebCTBA HAa TIO3BOHOYHUKE W CITUHHOM Mo3re. Cpenn
TaKNX TPEHAXepPOB CJIEAyeT OTMETUTh YCTPOICTBO Immersive
Touch (Immersive Touch, Inc., CILIA), ¢ momoIIpo KOTOPO-
TO BO3MOXHAa OTPabOTKAa HABBIKOB JIIOMOAJIBHON ITyHKIIVH,
BUHTOBOI (bUKCAIIMU, YPECKOXKHBIX BMEIIATENLCTB HA TO-
3BOHOYHUKE, a Takxke BepTedporuactuku [28]. Takke 3aciy-
JKMBaeT BHUMaHMs pa3pabotka CHHTAImypCcKoil KOMIaHUN —
tpeHaxkep Dextroscope (Volume Interactions Ltd., Cunramyp)
[29], mpemHasHAYeHHBINM IS TPENOTIEPAIMOHHOTO TUTAHW-
pPOBaHUS BCEX ITAIOB OMEPATUBHOTO BMEIIATELCTBA HA TIO-
3BOHOYHUKe. [ITaHMpOoBaHME HOCTUTAETCS TMYTEeM CO3MaHMUS
TouyHOU 3D-Momenu 30HBI OMEPATUBHOTO BMEIIATETHCTBA.
Cxoxeil GyHKIIMEeH TTpeaonepalioHHOTO TUIAHUPOBAHUST 00-
nmamaet Mozenb Surgical Rehearsal Platform (Surgical Theater,
LLC., CIIIA): TpeHaxkep TaKKe CO3dacT MaKCUMAaJIbHO IPH-
OMKEHHYIO K peabHOoCcTU 3D-Momeh TO3BOHOYHMKA TAllN-
€HTa C TIOMOIIIBIO 3aTPyKaeMbIX B KOMITBIOTEPHYIO IIPOTPAMMY
daitnoB dopmara DICOM [29]. Cpenu npyrux BUPTYaTbHBIX
MoJieseil sk CITIMHAIBHOTO TPEHWHTA BBIIETSIIOTCS] TPEHAXeP
Sensimmer (Phacon Corporation, ['epmaHust), MO3BOISIOIINIA
BBITIOJTHATH TPAHCTIENIUKYISIPHYIO (DUKCAIINIO, BepTeOpoInia-
CTUKY M HOBBII cumynstop 3S (Surgical Spine Simulator,
CILIA) mst mpemomnepalliOHHOTO TTAHWPOBAHMST KOPPEKIIUKT
ckomotTuueckoit nepopmaruu [30].

ITanuenTcnenupuyHbie MOIETN
JIJIS1 CHMYJISIIMOHHOTO TPEHUHTa

Bynyiee BUpPTyanbHBIX HEMpPOXUPYPTUUECKUX CUMYJISI-
TOPOB 3a MalMeHTCIeNnbUIHBIMUA 3 D-peKOHCTPYKIMIMUT
IJIST OOYYeHUSI U TIpeIoIepalliOHHBIX TpeHUpoBoK [31]. Ho
co3laHue ITUX MOJeNeil U WX BHeOpeHue B mpoliecc o0y-
YeHUs 3aiiMeT He OmHO necsaTuiaeTue. VMcrmonb3yst maHHbIe
BBICOKOTOYHBIX MHCTPYMEHTATBHBIX METOIOB UCCIeTOBAHMI
(MyJBTUCTIUPAIBHON KOMITbIOTepHOM TOMorpadum, MPT,
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aHruorpamu) TPU TOMOIIUA COBPEMEHHBIX KOMITHIOTEP-
HBIX TEXHOJIOTMI MOXHO C JIETKOCTBIO BOCCO3[aBaTh HOP-
MaJbHYI0 U TIATOJIOTUYECKYI0 aHATOMUIO TalUueHTOB [32].
[Momyyaembie mudpoBeie 3D-n300pakeHUsT MOXKHO pelak-
TUPOBATh W WCIOJB30BATh IS TUIAHUPOBAHUS U CUMYJISI-
LMW Pa3INYHBIX OTIEPATUBHBIX BMEIIATEILCTB. BHempeHnue
3D-npuHTEpOB 0bOecIeunBaeT MmevyaTh MPAKTUISCKN JTIOOBIX
AHATOMUYECKUX CTPYKTYp [UISI TIAHUPOBAHUST MOCTYIa W
uszudeckoit CUMyISAIIUY TIPEACTOSIIEN OMepaluyl C y4eTOM
AHATOMUM KOCTEWl M CBSI30YHOTO arfapaTa, COCyIoB, 000-
JIOUEK U TKaHeil TOoJIOBHOTO M CIIMHHOTO Mo3ra. JIlpyruMm He
MeHee BaXXKHBIM U MepPCIIeKTUBHBIM METOIIOM SIBJISIETCST CO3-
nanve 3D-BUmIeOnHCTPYKIINi U (POTOPYKOBOICTB ITO MUKPO-
Helipoxupypruu [33, 34].

O6mue cBefeHUs] 00 WCTOMB3YeMBIX CUMYISIIMOHHBIX
TEXHOJIOTUSIX B CIUHAJIBHON XWPYPTUU TIPENCTABICHBI B
Tab1.

AJIrOpUTM MUKPOHEHPOXUPYPTUIECKOTO
TPeHWHTa

B ocHOBy opraHum3anmu COBPEeMEHHBIX HEWpOXUPYpIru-
YECKUX IKCIIEPUMEHTAIBHBIX U CUMYJSIIIMOHHBIX J1TabopaTo-
puii B OOJNBIIMHCTBE PAa3BUTBHIX CTPAH TOJIOXEHO COTJIAche
STUYECKOTO KOMUTeTa OOJBHUIILI U/WiK yHUBepcuteTa. Jla-
OGopaTopusi BO3IIABIISIETCS] KBATU(MUIIMPOBAHHBIM XUPYPTOM
(MUKpPOHEHPOXUPYPTOM) C OTIBITOM W CTaXkeM paboTHI, a ee
NeSTEIbBHOCTh KOOPIUHUPYETCST HENPOXUPYPTUIECKUM OT-
nesieHreM OOJBHULIBI Wi Kademapoil HelpoXupyprum yHU-
Bepcuteta. [loCKONBKY APYrUM KIMHUYECKUM WA OOpa-
30BaTEIbHBIM YUPEKIEHUSIM TIPETOCTABIISIETCSI CBOOOTHBIN
TOCTYTI K pecypcaM J1abopaTopuu TIpy TIPOBEICHUY TPEHWHTA,
B Hell yCTaHABIMBAETCSI KPYTJIOCYTOUHBIN Tpaduk pabOThI
(BKJTIOYAsT BBIXOIHBIE THU), YTO TIO3BOJISIET OoJiee TUOKO CO-
YeTaTh 00yJaloNInii Kypc CPeay Pa3IuIHbIX CTICIIUATACTOB U
ONITUMU3NPOBATh MCITOJIBb30BaHNEe MUKPOCKOIIOB (Ha CErof-
HSIIITHUH TeHb JTI00asT HeMpOXUpyprudeckast onepanust J0K-
Ha TIPOBOIUTHCS TIPY TTIOMOIIIU OTIEPAIIMOHHOTO MUKPOCKOTIA,
a TIOTOMY OINTUMM3AIMSI WCIIOJB30BAaHUSI ITOTO Tpubdopa

SIBJISIETCS TIEPBOOYEPENHBIM ITAIOM AJITOPUTMA MUKPOHEI-
POXUPYPTUYECKOTO TpeHUHTA) [35].

Ha ocHOBaHWM TIOJNyYeHHBIX B XOHe PaOOTHI pe3ysbTa-
TOB, a TaKXKe OIbITAa, MPUOOPETEHHOTO TPU CTAKMUPOBKAX
B MUKPOHEWPOXUPYPTUIECKUX J1abopaTopusix, pa3paboTa-
HBl OCHOBHBIE COCTABJISIIONINE YCIIEIITHOTO OCBOCHUSI U CO-
BEpIIEHCTBOBAHUSI MWKPOHEHPOXUPYTUUECKON TEXHUKH.
Ha ceropnsimmiuii neHb MpemioXeH alrOpUTM HelpoXupyp-
TMYECKOTO OOYYeHMsI C WCTIOIb30BAaHUEM CUMYISIIIMOHHBIX
Mofeseil, KOTOphIii BKITIOUAeT CIIEAyIOIIe OCHOBHBIE CO-
CTaBJISTIONINE: «CYXOif» TOCTOSTHHBIN TPEHWHT TSI OCBOEHUSI
OCHOBHBIX HABBIKOB U WX TONAEPXKAHUS, paboTa B YCIOBUSIX
Jrabopatopu Ha OGmosiormueckoit momenu (puc. 2). B ycio-
BUSIX JIAOOPATOPUM MOXKET TPOBOAUTHCS TMEPUOTNIECKUIL
KalaBepHBI Kypc, B HEl Xe PacIioiaraioTcss KOMITbIOTEP-
Hble TpeHaXepbl. PeanbHBIN HEWPOXUPYPTUUECKU OIIBIT,
MOJTy4yaeMblii B OTEPAIIMOHHON, MTOJDKEH TONIePXKUBATHCS
AHATOMUYECKMMU 3HAHUSIMM, TIOJyYeHHBIMU Ha KaaaBep-
HBIX Kypcax. BbITIolHeHMe TUIAHOBBIX HEHPOXUPYPTUUECKUX
BMEIIATETbCTB TOJKHO COUETATHCS C TIOCTOSTHHBIM MUKPOXU-
PYPTUYECKUM TPEHUHTOM IS TIOAAepPKaHUsI HaBBIKOB, OCO-
OCHHO B OTHOIIIEHUU TeX OTIepalliii, KOTOPBIE BHITIOTHSIOTCS
HEepPEeTYJISIPHO.

IlepcnekTHBBI pa3BUTHSA
CHMYJISIHUOHHBIX TEXHOJIOTHIA B HEMPOXUPYPIruM

Bo3MoxHOCTh Gosiee TOYHOTO TIOHUMAHMSI TPOCTPaH-
CTBEHHBIX B3aMMOOTHOIIeHU Ha 3D-Momensx sBiseTcs
BaXXHBIM aCTIEKTOM B OOYUYEHWM W TUTAHUPOBAHUM NeTajeit
OTIEPaTUBHOTO BMEIIATENbCTBA. [E€XHOJIOTMH JOTTOJHEHHOM
PEATbHOCTH TIO3BOJISTIOT PACIIMPUTH TMOTEHIMAT WHTPAOTIe-
pALMOHHOM HaBUTALMKM B CIMHAJIbHONI xupyprum [36, 37].
Heitpoxupypru pa3HbIxX CTpaH JUYHO TTPUHUMAIOT yJdacTre B
pa3paboTKe CUMYISIIMOHHBIX Mofeneit. Borutomennsie B pe-
ATBHOCTh TPEHAXEPHI CITyKaT PA3BUTUIO HABLIKOB y HAUMHA-
IOIIMX U MACTEPCTBA Y MPAKTUKYIOIIUX CIEUUATUCTOB — OT
0a30BBIX YMEHUI JIOMOATBHOU TMYHKIWW, JTAMUHIKTOMUM,
KPaHMOTOMUU JO TWCCEKIIMM OTTyXOJeil, XUPypriuu OCHOBa-

CumynsuuoHHan OpupauHaTopcKas, OnepaumoHHas
na6opartopus Helpoxupypruum KabuHeT Bpaya
HavanbHblit
«CYXOW» TPEHUHT
\ 4
lMeprnofunyecKnini TPEHUHr
Ha 61onornyeckon moaenu
\ 4
[TocTOosHHbIN MwukpoHenpoxupypruyeckun
«CYXOW» TPEHUHT OMbIT B peasibHo onepauum
y Y
KomMnbloTepHbIe
TPEHaXepbl
Mepnogunyecknit
KalaBepHblil Kypc

Puc. 2. AJIropuT™M MUKPOHERPOXMPYPTUUECKOTO TPEHUHIA
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HUS yepera, TIeKOMIIPECCUM HEPBHBIX CTPYKTYp, COCYIUCTOM
MUKpOoHeipoxupypruu. CTYIeHTbl U OPIUHATOPBI HMMEIOT
BO3MOXHOCTb TPAKTUKOBAThCsl Ha TPOCTEHIIMX MOJIEISIX.
Bonee cioxHble GU3MYECKUE U BUPTYaIbHbIE TEXHOJOTUU
CMOCOOCTBYIOT TPOGECCUOHATILHOMY Pa3BUTHIO IaXe OTIbIT-
HBIX HEPOXMPYPIrOB, OCBOEHUIO U COBEPIICHCTBOBAHUIO UMK
OIepaTUBHBIX MTpHUEeMOB [38].

3aka0uenne

TakuMm 06pa3oM, CUMYISIITMOHHBIE TEXHOJOTHW B HEW-
POXUMPYPTUU TIO3BOJISIIOT B PEaJIbHOM BpeMeHU chOpMUpO-
BaTh a/IeKBaTHBI YPOBEHb HABBIKOB MPAKTUIECKOU PabOThHI
CTy[leHTa, KIMHUYECKOTO OpIMHATOpA WU Bpaya 0e3 pucka
HeOJIArONPUSATHBIX TOCTIENCTBUN 3MOpOBbI0 TarueHTa. Bo
BpeMs 3aHATHII Ha CUMYJISILIMOHHBIX MOJEJISIX OTpadaThiBa-
10TCST 6a30BBIe MUATHOCTUIECKUE U JIeUeOHbIe MAHUITYJISIIIVN.
CUMYISIIMOHHBIE TEXHOJOTMU TIOMOTAlOT MOIETUPOBaTh
KOHTPONMpPYeMble, 6e30IMacHbIe M BOCTIPOM3BOANMBIE OJTM3KO
K peasTbHOCTH KJIIMHU4YecKue cutyaruu. Kpome Toro, ¢ ux mo-
MOIIIbI0O MOKHO MaKCHMAaJbHO aNanTUPOBaTh OOyYeHUe TION
KOHKPETHBbIE KIMHWYECKNE 3afaud, a TakKe TOMYIUTh BbI-
COKWI1 ypoBeHb MPO(eCCOHATHEHBIX MaHYaJIbHBIX HABBIKOB.

KoHeuHBIM pe3ynbTaToM HCTIOTh30BAHUS WHHOBAIIMOHHBIX
CUMYJISILIMOHHBIX TEXHOJIOTUH SIBISIETCST pa3paboTka mexa-
HU3Ma (HOPMUPOBAHUS WHIWBUIYAILHBIX 00pa30BaTeIbHBIX
U TIPAKTUYECKUX HABBIKOB Y yJalllerocsl He TOJbKO B HEUpo-
XUPYPTUU, HO U B JIIOOOI IPYToil BpaueOHOM CIIeInaTbHOCTH.

AKTWBHOE BHEIpPEHWE CUMYISIIIUOHHBIX TEXHOJIOTUIA B
rporiecc 0OyJYeHUsI TTO3BOJTUT OOBEKTUBHO OLIEHUTH YPOBEHB
podheCCUOHALHON TIOATOTOBKY XUPYPTOB, TTOBBICUTH YPO-
BEHb UX KOMIIETEHIINH, a TAaKKe CHU3UTH PUCK OIIMOOYHBIX
NMEUCTBUH B CIIOXKHBIX KTUTHUIECKUX CUTYAITHSIX.

HcTounuku puHAHCUPOBAHUS
0O0630pHO-aHaTUTHYECKasT paboTa MO MOATOTOBKE CTAThU
MpoBeJeHa B paMKax HAYYHOU MPOTPAMMBI, MTOAAePKAHHOMN
rpantom Poccuiickoro HaydHoro donma (mpoext Nel5-15-
30037).

Kondaukr unrepecon

ABTOpLI NAHHOWU cTaThbn IIOATBECPANIIN OTCYTCTBUE KOH-
(1)HI/IKTa HUHTEPECOB, O KOTOPOM HEO0OXOIMMO COOOIIUTb.
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