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AHHOTALINA

O6ocHoBaHMe. AHTponoMopdHble TecT-00bEKTbl COCYA0B — BaMHblii MHCTPYMEHT COBEPLUEHCTBOBAHUA KOMMbIOTEPHO-
ToMorpadmyeckux aHrmorpauyeckux MccnefoBaHui, Tak Kak OHW M0O3BONAIOT U3bexaTb BO3LENCTBUA NIyYEBOW Harpy3Ku
Ha naumeHTa. [lpeacTaBneHHas paboTa ABnAeTCA NPOAOIIKEHNEM UCCNeA0BaHNA B cdepe pa3paboTKu U BHeLPEHWUS CUCTEMBI
MMUTaLMKM NyNbCOBOTO KPOBEHAMNOHEHWA COCY0B ANl KOMMbIOTEPHO-TOMOrpauyeckux aHrorpaduyecknx uccnesoBaHui.
Ha ocHoBaHWM pe3ynbTaToB YCMeLwHON anpobauum 3KCNepUMEHTaNbHOMO CTEHAA C UCMOMb30BaHUEM TECT-0OBEKTOB ynpo-
LWEHHOM dopMbl [1] Bbina MHMLMMPOBaHA M NpoBedeHa paboTa No Co34aHMI0 aHTPOMOMOPdHBIX TeCT-06bEKTOB BpIOLWIHOMO
0TeNa aopThbl, UMUTUPYHOLLMX HOPMAbHBIA U aHEBPU3MATUYECKM PacLUMPEHHBINA COCYA.

Lienb — co3panue aHTponoMopdHbIx TecT-061beKTOB OpHOLLIHOrO OTAeNa aopThl M3 MaTepuarnos, 0LHOBPEMEHHO UMUTUPYIO-
LUMX BUOMEXaHUYECKME M PEHTTEHOBCKUE CBOWCTBA peanbHOro cocyaa.

Martepuans! n MeTogpl. [1ns co3aanns TecT-06beKToB aHTponoMopdHoi GhopMbl bl BbIBpaHbl AaHHbIE KOMMbBIOTEPHOM TO-
Morpaduv naumMeHToB, HaxoasLmMecs B OTKpbIToM Aoctyne [2]. C noMoLubto nporpamMMHoro obecnievenuns 3D Slicer npoeene-
Ha CerMeHTaLMs 1CCnefioBaHui, COAepPHaLLMX HOPManbHbIM U aHEBPU3MATUYECKM PacLUMPEHHBI MPOCBET BPIOLLIHOM aopThl.
0bpaboTka nomnyyeHHbIX B XOAE CerMeHTaLMK Mofenet NpoBefieHa C NMOMOLLBI0 CUCTEMbI aBTOMATU3UPOBaHHOIO0 NMPOEKTUPO-
BaHus Autodesk Meshmixer. MogroToBKa MoZenn K neyatu BbINOSHEHA C NOMOLLbIO CUCTEMbI aBTOMATU3UPOBaHHOTO MPOEK-
TpoBaHua Polygon X. MNeyaTb Mofeneii BbINoHEHA U3 BOJOPACTBOPMMOrO NacTMKa ¢ Ucnosb3oBaHueM 3D-npuHTepa Picaso
X PRO. MNonyyeHHas Mofenb UCMO/b30BaHa B Ka4ecTBe OCHOBLI 418 CO3AaHWA TeCcT-00beKTa MeTo4oM HaMasku. [ins obecne-
YeHWs paBHOMEPHOM MO TOJILLMHE CTEHKM cocyAa pa3paboTaHa KOHCTPYKLMSA, NpeaCcTaBAsiolLas co60M BpaLLatoLLyocs paMKy
C perynupyeMon YacToToi BpalleHus. B KauecTBe TKaHeMMUTMpYlOLLEro Matepuana, obnapatoliero TpebyeMbiMU peHTre-
HOBCKMMU W BUOMEXaHNYECKUMM CBOICTBAaMM, UCMOb30BaHO COMETAHME CUIIMKOHOBOMO MaTpPUKCa U apMUPYIOLLMX HUTeR [3].
Pe3ynbTathl. bbinn U3roToBReHb! TECT-06bEKTHI aHTPONOMOpdHON HOopMbI ANs Cly4aeB HOPMAJIBHOMO W aHEBPU3MAaTUYECKHU
paclumMpeHHoro npoceeta bprolwHoi aopThl B MacwwTabe 1:3 u 1:1. Pa3paboTaH TeXHOMOrMYeCKMin NpoLecc HaHeCeHust Mate-
p1ana, KoTopbli NO3BOMKN NONy4aTh PaBHOMEPHBIA CoK MaTepuana no BceMy 06bEMy Mofienu.

3akuioyenue. PesynbTathl npeiHasHayeHbl A1S pa3BUTUA KOMMbIOTEPHO-TOMOrPaUUeckux aHrmorpaduyeckux uccnesosa-
HWI C UCMONIb30BaHWEM aHTPONOMOP®HBIX TECT-06BEKTOB, MO3BOMAOLMX YUUTLIBATL MHAMBUAYaNbHBIE 0COBEHHOCTU Maum-
eHTa. [lanbHelLee pa3BuTHe NpOEKTa NpeanonaraeT anpobauuio Noy4eHHbIX TeCT-00bEKTOB B paMKax KOMMbIOTEPHO-TOMO-
rpaguyeckoro aHruorpamuecKoro UccnefoBaHNs ¢ NOMOLLbK YCTPOWCTBA, UIMUTUPYIOLLETO NYNbCOBOE KPOBEHAMOJIHEHNE.

KnioueBble cnoBa: TecT-06bEKT; TKAHEMMUTMPYIOLUMIA MaTepuan; aHTponoMopdHoe MoAeNnpoBaHme; BPIOLLHON oTAeN
aopTbl; KOMMbIOTEPHO-TOMOTpacdnyeckas aHruorpadus.
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ABSTRACT

BACKGROUND: Anthropomorphic vascular test objects are an important tool for improving computed tomography angiography
studies, as they allow avoiding the impact of radiation exposure on the patient. The presented work is a continuation of
the research in the field of development and implementation of the system of pulse blood flow simulation of vessels for
computed tomography angiography studies. Based on the results of successful validation of the experimental test bench using
simplified test objects [1], the work on creation of anthropomorphic test objects of the abdominal aorta imitating normal and
aneurysmatically dilated vessels was initiated and carried out.

AIM: Creation of anthropomorphic test objects of the abdominal aorta from materials that simultaneously mimic the
biomechanical and X-ray properties of the real vessel.

MATERIALS AND METHODS: Publicly available computed tomography data of patients were selected to create anthropomorphic
test objects [2]. 3D Slicer software was used to segment studies containing normal and aneurysmatically dilated abdominal
aortic lumen. The models obtained during segmentation were processed using Autodesk Meshmixer computer-aided design
system. Model preparation for printing was performed using Polygon X computer-aided design system. The models were
printed from water-soluble plastic using Picaso X PRO 3D printer. The resulting model was used as the basis for creating
a test object using the smearing method. In order to ensure uniform thickness of the vessel wall, a structure, which is a
rotating frame with adjustable speed, was developed. A combination of silicone matrix and reinforcing threads was used as a
tissueimitating material with the required X-ray and biomechanical properties [3].

RESULTS: Anthropomorphic test objects were made for cases of normal and aneurysmatically dilated abdominal aortic lumen
in 1:3 and 1:1 scale. A technological process of material application was developed, which made it possible to obtain a uniform
layer of material over the entire volume of the model.

CONCLUSION: The results are intended for the development of computed tomography angiographyusing anthropomorphic
test objects that allow taking into account the individual characteristics of the patient. Further development of the project
involves testing of the obtained test objects within the framework of computed tomography angiography research using a
device simulating pulse blood flow.
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