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®AHTOMHOE MOJEJIMPOBAHUE B MATHUTHO-PE3OHAHCHOU
TOMOI'PA®HHA: OB30P MATEPHAJIOB IIsI UMUTALITUN BPEMEHU
PEJAKCAIIUU TKAHEU (OB30P)

10. A. BACI/y'[bEBl, M. B. UEPKACCKASI'*, E. C. AXMAJI, JI. C. CEMEHOB!, E. M. CbIPKAIIIEB!?,
A. B. TIETPSIMKWUHY, JI. E. IIIAPOBA'

'HayuHo-TIpaKTHuecKuii KITMHHYECKHii IEHTP AMATHOCTUKY M TeJIeMEIUMIMHCKIX TEXHONOrUi JlenapTaMenTa 3paBooXpaHeHus ropoia MocKBbI,
yi. IlerpoBka, 24, ctp.1, 127051, r. Mocksa, Poccus

’HannoHaIbHBIH MEAUIUHCKHI NCCIIEI0BATEIbCKUIL LIEHTP aKyIepCTBA, TMHEKOJIOTUH U TIEPUHATOIOTMH UM. akaaemuka B. U. Kynakosa,

yi. Akanemuka Onapuna, 4, 117997, r. Mocksa, Poccus

AHmponomopgHrvle panmomvl He0OX0OUMbL O UMUMAYUU CBOUCME, 2eoMempuu Ul QYHKYyul
mKanel yenogeueckozo opeanuzma. Mamepuansi, ucnoavzyemvie 018 MAKUX MecCm-o00beKmos, 001dic-
Hbl PeanucmuyHo 80CHPOU3BOOUMb OnpeodesenHble Qu3uiecKue xapakmepucmukuy mxauei. B aume-
PAMYPHLIX OAHHBIX OMCYMCMEYem KOMNAEKCHAA UHPOPMAYUA O KAACCAX COeOUHeHUl, KOmopvle Mo-
2ym MOoO0enuposams Xapaxkmepucmuku OuoI0cUYecKux mxawuell, HeobXooumvie OasA Pearucmuinoll
BU3YANUAYUYU NPU MASHUMHO-PE30HAHCHOM CKAHUPOGAHUU.

Lenv pabomvl — NOUCK U AHATU3 CYUWECMBYIOWUX MAMEPUATO8, UMUTNUPYIOWUX 8peMend CRUH-
pewemuamot (T1) u cnun-cnunosou (T2) peraxcayuu, oas cozoanus MPT-gpanmomos.

B cmamve paccmompenvr memoouxku u3zeomosienus cocmagos 01 UMUMAyuy 6pemen peiakcayuu
buonocuueckux mraueu. Ilpeocmasnensvi peyenmypul, noayienHsvlie U3 600HbIX CYCHEeH3ull, euopozenell, a
makoice npugedenvl npumepuvl peanuzayuu komnosuyui ¢ 3D-neuamu. Ilokaszano, umo euopozenegvie
KOMRO3UYUYU CnoCcoOHbl MOYHO 80CNPOU3BOOUMb PENAKCAYUOHHbBIE CEOUCMEA PATUYHBIX MKAHEl opea-
HU3Ma 6 ouanasoHe @pemeH perakcayuu om 65 00 1663 mc. Danmomsl, U320MoOGIeHHbIE U3 A2APO3YL,
umelom 6oJiee HU3KUE 3amMpamyvl HA NPOU3BOOCMBO, CPOK UX IKCHIYAMAYUU MOdcem Oblmb NPoOieH npu
86€0eHUU CReyualbHuix 000asox. Ommeueno, umo azaposa Aeasiemcs moougukamopom spemenu 12 pe-
aaxkcayuu, oajce 6 KOMHOZUYUAX C OpYyeUMU MUnamu djceaupyrowux azenmos. Texnonoeus 3D-newamu
SHAYUNENLHO YCKOpAem npoyecc PanmomMHO20 MOOETUPOBAHUs U NO36OAem dPPeKMmusHo npoeKmupo-
6amb CNOJICHbIE ceoMempuieckue Guaypvl KaK U3 pacnpocmpanesHblx U 00CMYNHbIX MAmepuanlos (no-
JUMONOYHAS KUCTIOMA, NOIUMEMUIMEMAKPULAM, AKPULOHUMPUIOYMAOUEHCTMUPOTL), MAK U U3 CHeyualb-
HO pa3pabomanHblX MHOSOKOMNOHEHMHbIX cocmagos. Ha ocnoée u3zyuenHbIX OaHHbLIX AGMOPL
nooobpanu mamepuansl u paspabomanu ¢panmom 0Jisi KOHMpoas napamempog koauvecmeennou MPT, a
makoice npogenu ezo anpodayuro. Jarvueuwan paboma no cucmemamuzayuy uHGopmayuu o xapaxme-
PUCTUKAX MKAHEUMUMUPYIOWUX MAMEPUATO8 NO360JUM ONMUMUSUPOSAMb pabOmMy NO NPOEeKMuposa-
HUIO U U320MOBIEHUI0 PAHMOMOS OJisl KOHKPEMHbIX MEXHUYECKUX U KIUHUYEeCKUX 3d0ay.

KatoueBble cioBa: MeaniuHcKas Busyanusanusi, MPT, (aHTOMBI, TKaHEMMHTHPYIOIINE MaTepHajbl, arapo3HbIe
renu, 3D-nevarsb, rUIporesy, KOHTPOJIb NapaMeTpoB KoauuectBeHHoit MPT.
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PHANTOM MODELLING IN MAGNETIC RESONANCE IMAGING:
AN OVERVIEW OF MATERIALS FOR SIMULATING TISSUE
RELAXATION TIME (REVIEW)

YU. A. VASILEV!, M. V. CHERKASSKAYA!, E. S. AKHMAD?, D. S. SEMENOV?, E. M. SYRKASHEV!?,
A. V. PETRAIKIN?, D. E. SHAROVA!

'Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies of the Moscow Health Care Department, Petrovka St.,
24, bld. 1, 127051, Moscow, Russia
National Medical Research Center for Obstetrics, Gynecology and Perinatology, Oparina St., 4, 117997, Moscow, Russia

Anthropomorphic phantoms are required to mimic the properties, geometry, or functions of human
body tissues. Materials used for such models should realistically reproduce certain physical character-
istics of tissues. The literature lacks comprehensive information on classes of compounds that can mod-
el the biological tissue characteristics required for realistic imaging in magnetic resonance scanning.

The purpose of this work is to search for and analyze existing materials simulating the times of
spin-lattice (T1) and spin-spin (T2) relaxation to create MRI phantoms.

The article considers the methods of making compositions for simulating the relaxation times of
biological tissues. Formulations obtained from aqueous suspensions, hydrogels are presented, as well
as examples of realisation of compositions in 3D-printing. Hydrogel compositions have been shown to
be capable of accurately reproducing the relaxation properties of various body tissues within the relax-
ation time range of 65 to 1663 ms. Phantoms made from agarose have lower production costs, their life
can be extended with the introduction of special additives. It has been noted that agarose is a modifier
of T2 relaxation time, even in compositions with other types of gelling agents. 3D-printing technology
significantly speeds up the phantom modeling process and allows you to efficiently design complex ge-
ometric figures both from common and affordable materials (polylactic acid, polymethylmethacrylate,
acrylonitrile butadiene styrene) and from specially developed multicomponent compositions. Based on
the data studied, the authors selected materials and developed a phantom to control the parameters of
quantitative MRI, and also tested it. Further work on the systematization of information on the charac-
teristics of tissue equivalent materials will optimize the work on the design and manufacture of phan-
toms for specific technical and clinical tasks.

Keywords: medical imaging, MRI, phantoms, tissue equivalent materials, agarose gels, 3D-printing, hydrogels,

control of quantitative MRI parameters.
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