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AHHOTAUNA

0bocHosaHue. TeXHONornM TPEXMEPHOro MOLEIMPOBAHMA M TPEXMEPHOM NeYaTh K HaCTOALLEMY BPEMEHU HaLLNWN Npu-
MeHEeHWe B pasnnyHbIX 06MacTAX KNMHUYECKOW U GyHOAMEHTANbHON MeOULMHDBI, NPEUMYLLECTBEHHO XMPYPTrUMYECKON Ha-
npaBnieHHOCTW. [0BOpPA O MpeaonepaLyMoHHOM NOArOTOBKE XMPYProB, COOTBETCTBME HameyaTaHHbIX U3LEeNWU aHaToMUM
naumeHTa MOXKeT UrpaTb BaXHYI0 posib B OLIEHKe MaToNIOrMYecKMX M3MeHeHUM U cnocobax ux Koppekumn. Onpepenexuve
OTKNOHEHWI pa3MepoB NOYyYaeMblX MOLENEN COMPAHKEHO C STUHECKUMU U TEXHUHECKUMM TPYAHOCTAMM, CBA3AHHBLIMU C He-
06X0AMMOCTbIO OMpeaeneHna 3TanoHa U NpoBefeHNUs 60NbLLIOM0 KoNMYecTBa M3MEPEHMIA COOTBETCTBEHHO. B HacToALen
paboTe npefnaralTcA UCMONb30BaHUE B KAYECTBE 3TaflOHa FreOMeTPUYECcKoN dUrypbl C 3apaHee U3BECTHBIMM pa3Mepamu
M OLEHKA IMHEWHbIX OTKNOHEHUA MPM MOMOLUM WUTEPATMBHOMO anropuTMa bGAMMKaMILMX TOUYEK ANA KaOoW M3 BepLuMH
MOJy4eHHOW cpeACcTBaMU MPOTOTMNMPOBAHUA MOIUIOHANBHOW CETKM.

Llene — oueHWUTL reoMeTpuYecKMe OTKNOHEHWUA, BO3HMKAILME NpWU BOCNPOM3BEOEHUM O06BLEKTOB, MMUTUMPYIOLLUX
KOCTHYIO TKaHb, CpefICTBaMM TPEXMEPHOIO MOAENMPOBaHMA (Ha OCHOBE AaHHbLIX KOMMbIOTEPHON TOMOrpaduu) M ananTmBe-
HOro NPOM3BOACTBA.

Mamepuanel u Memodel. [InA co3paHna ucxogHoro obbekTta mcnonb3oanu nporpammy FreeCAD, pepfaktvpoBaHue
MOJMIOHanbHLIX CETOK NPoBoAMNIM B nporpamMMax Blender n Meshmixer. 3D-neyatb Mogeneit BbINOSHANM Ha NpUHTEpe
Ender-3 u3 copepawiero yactuubl Meamn PLA-nnactvka BFCopper. CkaHvpoBaHue npoussoamnm 128-cpe3oBbiM KOMIblo-
TepHbIM ToMorpadom Philips Ingenuity CT. Cepum Tomorpaduueckux nsobpamenuin 3arpyxanu B nporpammy 3D Slicer, roe
Ha UX OCHOBE CO3[aBajiM BUPTyasibHble MOJENM MeToflaMu aBTOMaTuUyecKkoi (C noporoBbiMM 3HaveHuamu 500 HU, 0 HU,
-500 HU, -750 HU) u pyuHoi cerMeHTaumu. CpaBHeHME UCXOOHBIX M BOCTPOM3BEAEHHBIX MOJenei NPOU3BOAMIN Ha OCHOBE
UTEepaTMBHOMO anropuTMa 6amManiumx Touek B nporpamMme CloudCompare.

Pe3synomameol. B 3aBUCMMOCTM 0T MeToa cerMeHTaLmm 06bEM BOCNpoU3BeAEHHLIX MOAesel npeBbilan 06bEM cooT-
BETCTBYIOLLIMX MCXOQHBIX Moaenen Ha 1-27%. CpeHue 3HaYeHUA NIMHEMHBIX OTKIOHEHUIA MONIUIOHANBHBIX CETOK BOCMPO-
n3BefEHHbIX Modenen oT ucxogHblx coctasmnm 0,03-0,41 mMM. CpaBHeHME 3HAYEHWI MHTErpasibHbIX CYyMM JIMHEMHbIX OT-
KNOHEHUN U U3MeHeHUI 06bEMa Mofenelt ¢ UCrnoNb3oBaHNEM KO3gGULMEHTa paHroBow Koppenauum CnpMeHa noKasano
Mey HUMK 3Ha4MMYI0 KoppenALumMoHHylo ceasb (p=0,83; t,,,.=5,27, p=0,05).

3aknoyeHue. TeoMeTpU4eCKMe NapaMeTpbl BOCMPOU3BOAMMOM0 06 bEKTA HEM3OEKHO M3MEHAIOTCA, NPU 3TOM UCKaKe-
Hue 6orbLUe 3aBUCUT OT BbIBPaHHOro cnocoba cerMeHTaLmMu, YeM 0T 06LLMX MacllTaboB Mofenu unu eé vacTew. Mcnonb-
30BaHMe py4HOro crocoba CerMeHTaLMm MOMET NPUBECTM K BONbLIEMY UCKAXKEHWIO JIMHEMHBIX Pa3MepoB (M0 CPaBHEHWMIO
C aBTOMaTU4eCKMM), HO NO3BONAET COXPaHUTL BCE HEOOX0AMMble aHAaTOMMYECKME CTPYKTYPbI.

KnioueBble cnoBa: KoMnbloTepHas ToMorpagus; 3D-mogenvposanue; 3D-neyath; npefonepauMoHHbIA Nepuog; Tou-
HOCTb BOCMPOW3BEAEHMA; UTEPATUBHbIA aNrOPUTM BNIMMKALIMX TOYEK.
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ABSTRACT

BACKGROUND: Computer-aided design and three-dimensional printing have been used in various clinical and fundamen-
tal medicine fields, especially in surgery. For example, in the preoperative period, the correspondence of printed products to
the anatomy can play an important role in evaluating pathological changes and correction methods. However, determining
dimensional deviations of printed models involves ethical and technical difficulties associated with defining a reference and
taking many measurements, respectively. Therefore, we propose to use a geometric object with known dimensions as a
reference and estimate linear deviations using the Iterative Closest Point algorithm for each of the vertices of the prototyped
polygonal mesh.

AIMS: To evaluate the geometric deviations associated with creation of bone-like physical objects from computed tomog-
raphy data using computer-aided design and additive manufacturing.

MATERIALS AND METHODS: The source object was created using the FreeCAD application; Blender and Meshmixer soft-
ware was used for polygon meshes correction and transformation. The 3D printing was carried out on an Ender-3 printer with
copper-impregnated polylactide plastic BFCopper. Scanning was performed using a 128-slice tomograph Philips Ingenuity CT.
A series of tomographic images were processed in 3DSlicer software to create virtual models by semiautomatic segmenta-
tion with threshold values of 500 HU, 0 HU, -500 HU, =750 HU, and manual segmentation. Reproduced and reference polygon
meshes were compared using the Iterative Closest Point algorithm in CloudCompare software.

RESULTS: The volume of reproduced models exceeded the volume of respective reference models by 1%-27%. The
average point cloud linear deviation values of reproduced models from the reference ones were 0.03-0.41 mm. A significant
correlation between integral sums of linear deviations and changes in the volume of reproduced models was shown using
Spearman’s rank correlation coefficient (p = 0.83; t,,,, = 5.27, p=0.05).

CONCLUSION: The geometry of the reproduced object changes inevitably, while the linear deviations depend more on the
chosen segmentation method than on the overall size of the model or its structures. The manual segmentation method can
lead to greater linear deviations, though it saves all the necessary anatomical structures.

Keywords: computed tomography; computer aided design; 3D printing; preoperative period; dimensional measurement
accuracy; lterative Closest Point algorithm.
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