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®rAOY BO HWY benly, r Benropop,

N3YYEHWNE BOSMOXHOCTU NMPUMEHEHWNA 3D-MEYATU
NS N3rOTOB/IEHNA HEKOTOPLIX KOCTEN CKENETA

Llenb. MoaennmTbeca onbliTOM U3r0T OB/IEHNS 06pa3LL0oB KOCT el YenoBekKa C UCNonb30BaHWeM TexHonoruin 3D-nedamu
B benIropo/ickoM rocyfapcTBEHHOM YHUBEPCUTETE.

MaTepuansl U MeTogbl. 105 nonyyeHns ob6pasLoB KocTel ckeneTa ucnonb3osanm 3D-npuHTep Objet Eden500
¢ TexHonorvei neyaTw Polylet (poTononnmepHas neyaTs). Mpy NOMOLLM TPEXMEPHOTO CKAHMPOBAHUSA KOCT W
c034aBasiocb 06/1aK0 TOUeK, a3aTeMm nocne Heobxo4MMbIX MPABOK - TPeXMepHas MOAeNb, KOTopas neyaTanach
Ha 3D-npuHTeEpe.

PesynbTaThl. Mpu aHanuse kayecTBa HaneyaTaHHO 3D-Mofenn aTnaHTa YeTKO BU3yann3npytoTcs nepeaHss
M3afiHAs fyrv aTnaHTa ¢ CooTBeTCTBYIOWMMN ByropkaMu, naTepasbHble Macchl, NONepeyHble OTPOCTKN COT-
BEPCTMAMU, BEPXHME CyCT aBHble AMKU. OfHaKo, 60p03/bl MO3BOHOYHbIX apTepPuii NAMKa 3y6a 0CeBOro NO3BOHKA
MeHee Bblpa>KeHbl, YeM Ha UCXOLHOM MaTepuane. Ha BepxHeii NOBEPXHOCT M Tena KNMHOBUAHON KOCT U XOPOLLIO
npocMaTpuBaeTCa TYypeLKoe ceAno, orpaHuyeHHoe cnepeay 6yropkom cegna, a c3aau - CNVHKOI cegna. Tmno-
(husapHas sMKa NoyTu He BUAHA. B oCHOBaHWe nepefHNX HaKNOHEHHbIX 0T POCTKOB XOPOLLIO BUAHbI OTBEPCTUA
3pUTe/bHbIX KAHANI0B M YMEPEHHO Bblpa>KeHHas MeXX Ay HUMU npefnepekpecTHasa 6opo3ga. Ha nepegHein nosepx-
HOCTW Tena He BU3yann3npyroTcs KIMHOBUAHbIE PAKOBUHbI N0 60KaM OT KAMHOBWAHOTO rpebHs. Ha Mo3rosoii
NMOBEPXHOCTU BONbLUNX KPbISIbEB KAMHOBUAHON KOCTW U3 3-X OTBEPCTUIA BUAHbI TO/bKO KPYr/0e 1 OBalbHOE,
a 0CTUCTOE UMeeT BUZ Y3KOro KaHana. Cnabo npocneXknsatoTCca NanbLeBnHble BAaBIeHUs, MO3roBble BbICTY-
nbl 1 apTepuanbHble 60po3abl. Ha KpbTOBUAHOM OTPOCTKE KIMHOBUAHOW KOCTU NnaTepanbHas v MeguanbHas
NNacTWHKY BbITNAAAT NPaKTUYECKM OLMHAKOBO, XOT A aTepasnbHas fJOMKHA ObIThb WKUPe ¥ Kopoye, a Menanb-
Has ANVHHEE 1 YXKe U 3aKaHUMBa T bCA KPbI/IOBUAHBIM KPIOUKOM. Y nonyyeHHoW 3D-Mofenu peweT4aT ol KocTy
Ha pelleTyaTOol NNacTWHKE He 6blM BOCNPOW3BEEHbI OTBepcTUA A1 060HATeNbHbIX HEPBOB, a TakKXe pe-
weTyaTble A4elikn NabVpNHT OB peleTUaTOoN KOCTU U KPblibA NeTYLIMHOIO rpe6Hs.

3akstoueHme. Mpy aHanmse NONYyYeHHbIX C UCNONb30BaHMeM 3D-neyaTy KOCTEN yCTaHOBEHO, YT 0 B Lie/ioM hopMa,
pasmMepbl 1 aHa TOMUYeCKMEe CTPYKTYPbl KOCTeli BOCNPOMU3BOAAT CA NPaK T NYeCKN NONHOCT b0 OT UCXOAHbIX OpU-
rMHanoB KOCTel. Cpeay TPYAHOCT e MOXKHO O TMETUTb HeYe TKOe NponeyaT biBaHWe HEKO T OpbIx 60p03L, AMOK,
O0TPOCTKOB 1 MEIKNX 0TBEPCT WA, 4T O MOXKeT 6blITh CKOPPEKTMPOBAHO Ha 3T arne AonevyaTHOV NogroTOBKM.

Kntouesble cnosa: 3D-neyaTb, aHaTOMUYECKMe MOLENN, aTNaHT, KINHOBUAHASA U pelleTyaTas KoCTW.

AKTyaNbHOCTb. Ha NpOTSXXKeHUW MHOTUX JEeCATKOB NeT
B yue6HOM npouecce CTyJeHTOB-MeAUKOB N0 aHaToMuu
yesioBeKa MCNosb3oBancs TPYMHbIA Matepuan. OfHako,
B HacTosilLee BPeMsl, BO MHOTUX BbICWINX MEAULMNHCKNX
y4e6HbIX 3aBEleHUAX OLLyLLAeTC HexBaTKa HaTypanbHbIX
npenapaTtoB Ans MPakTUYecKOi MOArOTOBKW CTYAEHTOB
W HauyMHalowux npenopgasateneil. [laHHas cuTyauus
CBfi3aHa C JOPOrOBU3HON COfEepXaHWs cneunanbHoro
noMelleHnss Ha Kadedpe ANs XpaHeHWs matepuana -
TpynoxpaHunuia, a Takke XMMUYEeCKWX peareHToB
W pacxoAHblX MaTepManoB AN KOHCEPBUPOBaHWS . Takke
K 06pa3oBaTe/IbHOMY YUPeXAEHUIO NPeabABAATCA CTPO-
rve TpeboBaHNA, pernaMmeHTMpytoLne YCNoBMS XpaHeHus
W yTUIM3aLumn TpynHoro matepuana [3].

B cBAI3W C 3TUM, OAHWM W3 PELUEHWIA AaHHOl npo-
6nemMbl ABNAETCA MOWCK MyTel 4YacTUYHO 3aMelieHus
TPYNHOro MaTtepuana HarnsifHb6IMU LEeMOHCTPaLMOHHbIMY
MoJeNsiMy OpraHoB U YacTeli Tena YenoBeka, B TOM yucne
NONyYeHHbIMW B pe3yNibTaTe UCMNO/b30BaHWUS TEXHOMOMNIA
3D-neyvatu. B 10 e BpeMsi, B pamMKax U3yyeHusi aHaToMuu
1cnosb3oBaHMe peasibHbIX 0OBEKTOB UrpaeT K/ueByto
ponb. 3D-NpVHTEPbI UCMOMbL3YKTCA B CaMbIX Pa3/MYHbIX

06/1aCcTAX HayKW W TEXHUKM, B TOM YUCNE U MeLULMHE:
CTOMATo/0rnn, TPaHCNAAaHTONOMMK, NAACTUYECKOWR X1pyp-
rmu, Tpasmartonoruun, nportesmposaHuu [1, 2]. O6pasybl,
nony4yeHHble B pesynbtare 3D-neyatn npeacTaBnfoT coboi
06bEMHbI MakKeT onpeAeneHHol YacTn WM HECKObKNX
yacteil Tena, Moay4YyeHHble Ha OCHOBaHWW 3-X MEPHOro
CKaHMPOBaHUA HaTypanbHbIX aHAaTOMWUYECKMX NPenaparos
[4]. LaHHYIO MOfeflb MOXHO feTa/lbHO M3yyaTb C pas-
JINYHBIX CTOPOH AepKa B pyKax, Bpauiatb, YTO NO3BOSAET
copmMupoBaTb y CTyfleHTa NpefacTaBNeHne 0 peasibHbIX
pasmepax, )opMe K CTPYKType opraHa wam vactu Tena
yenoseka. Kpome artoro, npy nomouwm 3D-neyatn BO3-
MO>HO M3rOTOBMTb Te OpraHbl WK YacTy OpraHa, KoTopble
TSXKENO BbIAENNTbL NPU NpenapupoBaHum Tpyna, Hanpumep,
rny60oKopacrnonoXeHHbIe MefKe cocyibl U HEPBBI.

Llenbto paboTbl ABMIOCL NOAENNTLCA OMbITOM W3rO-
TOB/IEHMS 06pasL0oB KOCTell YeNoBeKa C MCNOb30BaAHNEM
TexHonoruii 3D-nevatn B benropoAckom rocygapcTBEHHOM
YHuBepcuTerTe.

Martepuanbl 1 Mmetogbl. [na nonydyeHns obpasuos
KocTeli ckeneTa ncnonb3osanu 3D-npuHTep Objet Eden500
(hoTOnonMMepHan nevatb), KOTOPbIA NO3BONSET NeyaTaTb
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STUDYING THE POSSIBILITY OF APPLICATION OF 3D PRINTING FOR THE MANUFACTURE

OF SOME BONES OF THE SKELETON

Aim. Share the experience ofmaking human bone samples using 3D-printing technologies at Belgorod State University.
Materials and methods. To obtain skeletal bone samples, an Objet Eden500 3D printer with PolyJet printing technol-
ogy (photopolymer printing) was used. Using a 3D scan of the bone, a point cloud was created, and then, after the
necessary corrections, a three-dimensional model, which was printed on a 3D printer.

Results. When analyzing the quality of the obtained 3D-model of the atlas, the anterior and posterior arches of the
atlas with the corresponding tubercles, lateral masses, transverse processes with foramina, and superior articular
fossae are clearly visualized. However, the grooves for vertebral arteries and the fossa for dens of axis are less
pronounced than in the initial material. On the superior surface of the body of the sphenoid bone, the sella turcica
is clearly visible, bounded in front by the tuberculum sellae of the saddle, and behind by the dorsum sellae. The
hypophysealfossa is almost invisible. At the base of the anterior clinoid processes, the openings of the optic canals
and a moderately pronounced prechiasmatic groove between them are clearly visible. On the anterior surface of the
body, the sphenoidal conchae are not visualized on the sides of the sphenoidal crest. On the cerebral surface of the
greater wings of the sphenoid bone, from 3 foramina, only foramen rotundum andforamen ovale are visible, and
the foramen spinosum one looks like a narrow canal. Faintly traced impressions for cerebral gyri, juga cerebralia
and groove for arteries. On the pterygoid process of the sphenoid bone, the lateral and medial plates look almost
the same, although the lateral one should be wider and shorter, and the medial one is longer and narrower and end
with a pterygoid hamulus. The resulting 3D-model of the ethmoid bone on the cribriform plate did not reproduce
the holesfor the olfactory nerves, as well as the ethmoid cells of the ethmoid labyrinths and the alae of crista galli.
Conclusion. When analyzing the bones obtained using 3D-printing, it wasfound that, in general, the shape, size and
anatomical structures of the bones are reproduced almost completely from the original bones. Among the difficul-
ties, one can note the fuzzy printing ofsome grooves, fossae, processes and smallforamina, which can be corrected

at the stage of prepress.

Keywords: 3D-printing, anatomical models, atlas, sphenoid and ethmoid bones.

KaK MUHWATIOPHbIE MOAENW, Tak U KpyrnHble MOAeNnu pas-
MepoMm A0 490 x 390 x 200 mm (MM OO0 «KOHTpO/IbHbIE
nn3mepuTenbHole Npubopbl benly» TexHonapk «Bbicokue
TexHonormm HWUY «benlY»). PaspelleHne neyatn no ocu
X - 600 dpi (42 mkm), no ocu Y - 600 dpi (42 MKM), a no no
ocn Z - 1600 dpi (16 mkm). MNpy nomoLy TPexXxMepHOro
CKaHMPOBAHUA KOCTW CO3aBanochb 06/1aK0o TOYEK, a 3aTem
nocne Heobxo4MMbIX NPaBOK - TPEXMEPHas MOAesb, KOTO-
pas neyatanacb Ha 3D-npuHTeEpe.

Pe3ynbTathl 1 ux 06¢yXxaeHne. B kauectse Kocteli 4ns
N3rotoeneHns o6pasLos Ha 3D-NpuHTEpe Bbinv BbIGPaHbI
nepBblii WelHbIA NO3BOHOK (aTnaHT), KAMHOBMAHASA
M pelweTtyatas KoCcTM BbiBop nocnefHmx 2-x Koctei 6bin
00yCnoBneH 3HauYMTENbHON TPYAOEMKOCTbIO BblAENEHUs
[aHHbIX KOCTeii 13 uepena, XpynKoCTbI0 PeLLeTyaToli KoCTu
M COOTBETCTBEHHO Manoii UX AOCTYNHOCTbIO B KayecTse
HaTypasbHOro marepuasna gns y4ebHoro npowecca.

B KauecTBe MCXOA4HOro marepuana A/ U3rotToBNeHNs
3D-mopenu atnaHta 6bl1 BblGpaH HaTypasibHbl aHaTo-
MUYECKUA npenapaTt NMepBoOro LWehHOro no3soHka [pu
aHanuse kavyectsa 3D-neyatn ob6pasya atnaHTa BbIsSIBNEHO,
yTo (hopma, pasmMepbl MOeNM NOJSTHOCTLH COOTHOCATCA
C UCXOAHbIM 06pa3uom. Mpu paccmoTtpeHun 3D-mogenu
CBEPXY YETKO BU3Yanu3upyroTcsa nepefHas v 3afHsas ayrm
arnaHTa C COOTBETCTBYHOLWMMMK Byropkamu, narepanbHble
Macchl, NMonepeyHble OTPOCTKU C OTBEPCTUAMM, BEPXHUE
cycTaBHble IMKU. OfHaKo, 60p0o34bl NO3BOHOYHbIX apTe-
puii 1 simka 3y6a 0CeBOr0 MO3BOHKA MEHEE BblpaXKeHbI,

YeM Ha UCXo4HOM MaTepumane. Mpu n3ydeHun 3D-mogenn
aTnaHTa CHM3y XOpOLLO NPOCMATPUBAKITCS HUXKHUE CyCcTaB-
Hble MOBEPXHOCTW Ha naTepasbHbIX Maccax (PUCYHOK 1).

PucyHok 1- 3P-mogfenb atnaHta (A - BuA csepxy, b- Buf cHusy)



Mpn M3yyeHUW NONy4YeHHOro o6pasla KIMHOBUAHON
KOCTN YCTaHOB/IEHO, YTO Ha BerHEI7I NOBEPXHOCTN Tena
XOpOLIO BU3yanu3upyetcs TypeLkoe cefno, orpaHuyeH-
Hoe cnepeau GYropkom cefa, a c3aau - CNUHKON cepfa.
l'MnodunsapHas sMKa NoYTM He MpocMaTtpuBaeTcs. B ocHo-
BaHWe nepefHNX HaKMOHEHHbIX OTPOCTKOB XOPOLIO BUAHSI
OTBEPCTUA 3PUTENbHLIX KAHA0B 1 YMEPEHHO BblpaXKeHHas
MeXay HUMK npeanepekpecTHas 6opo3ga. Ha nepefHeit
MOBEPXHOCTN Tefla He BU3Yann3mpylTcs KIMHOBUAHbIE
pPakoBWUHbI MO 60KaM OT KIMHOBWUAHOIO rpebHs.

Ha MO3roBoi NOBePXHOCTU GOMbLLIMX KPbINbEB KAUHO-
BMAHOM KOCTU M3 3-X OTBEPCTMI BUAHbI TONLKO Kpyrioe
1 OBaNbHOE, a OCTUCTOE MMEET BUA Y3KOro kaHana. Cnabo
npocsexunsatoTcsa nanblesuiHble BAABMIEHUSA, MO3roBble
BbICTYMbl M apTepuanbHble 60p03Abl .

PucyHok 2 - BD-mofenb KAMHOBUAHON kocTn (A - Buf cBepxy, b- Bug
cnepeamn)

PucyHok 3 - BD mogenb pelietyatoii Koctu (BuA cBepxy)

Ha KpblNOBMAHOM OTPOCTKE KAMHOBWUAHOW KOCTU
natepanbHas ¥ MegmnanbHas NAacTUHKN BbIrNA4aT NpakTu-
4eckn 0[MHAKOBO, XOT narepasibHas AO/MKHA ObITh LWKpe
1 Kopoue, a MefmanbHas A/IMHHEE U YXe 1 3aKaHuUMBaTbCs
KPbINOBUAHbLIM KPHOUYKOM (PUCYHOK 2).

M3yyeHune nonyyeHHoli BD-moaenn peLietyaToii KocTu
nokasasno, YTO Ha peLleTyaToli NiacTnHKe He 6blIM BOCMPO-
n3BefleHbl 0TBEPCTUA A/19 060HATENbHbBIX HEPBOB, a TaKXe
pelieTyaTble A4elikn 1abUpUHTOB PELLETHATON KOCTU U Kpbl-
NbS NEeTYWMHOro rpebHs . B octanbHOM, pa3mepsl, opma
W CTPYKTYPbl CXOAHbI C UCXOA4HbIM 06pa3LoM pelleTyartoi
KOCTW (pUCYHOK B).

3akntoueHne. Takum 06pa3om, NOMyUYEHHbIA ONbIT NpK-
MeHeHns BD-meyaTn HEKOTOPbIX KOCTEN CKefleTa nokasbl-
BAEeT, UTO B LENOM Mx hopmMa, pasmepbl 1 aHaTOMUyeckme
CTPYKTYpPbl BOCNPOM3BOAATCA MPAKTUYECKU MOMHOCTbLIO
OT UCXOAHbIX OPUTMHANOB KocTeid. Cpeaun TpyAHOCTei
MOXHO OTMETUTb HeYeTKoe nporneyarbiBaHWE HEKOTOPbIX
60po3z, AMOK, OTPOCTKOB M MEJIKUX OTBEpCTMil. 3TO yKa-
3bIBaET Ha TO, YTO HEOOXOAUMA AONOMHUTENbHAA paboTa
nepcoHana, Bnajelowero s3HaHnaAMu B ob6nactv aHaToMum
4enoBekKa € 3NeKTPOHHLIMY MOAENAMU KOCTEN O MOMEHTA
BD-neuyat AN KOPPEKTUMPOBKM AaHHbLIX HeLOCTaTKOB,
aTakxke anpobauns gpyrux TexHuk BD-nevatu.

ABTOpbl 3a8BNAKT 06 OTCYyTCTBUM KOHPAUKT A
WHTEepecos.
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