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AuTtponomopdHbie (haHTOMbI MOJIOYHOM Kene3bl Ghack o
ANA Ny4eBOM AUArHOCTUKMU: Hay4YHbI 0630p

t0.A. Bacunbes, 0.B. OMensHckas, A.A. Hacubynnuna, [1.B. JleoHos, H.B. bynrakosa,
[.A. Axmepn3sHoBa, 10.0. Lymckas, P.B. PewweTHnkoB

Hay4Ho-npaKTUYeCKWii KIMHUYECKMIA LIEHTP AMArHOCTUKM W TeNleMeMLMHCKUX TexHonorui, Mocksa, Poccuiickas QOepepaums

AHHOTALMA

(MaHTOMbI MONIOYHOW Xenesbl MPUMEHSINTCA AN pa3paboTKM, BanMaaLMn U YCOBEPLUEHCTBOBAaHUA METOJ0B NIy4eBON AMa-
THOCTUKU. B BU3yanu3aLmm MOIOYHOM Xene3bl aHTPOMOMOpgHbIE MOAENU UCTIONbL3YIOTCA ANS BaNnAaLMK, OLEHKU U ONTH-
MU3aLyMW HOBbIX METOL0B AMArHOCTMKW 3ab0neBaHuii MOIOYHOM Xese3bl, a TaKKe A8 KOHTPOJIA Ka4ecTBa ANarHoCTUYECKMX
CUCTEM, COBEPLLEHCTBOBAHWSA KITMHUYECKUX MPOTOKOIOB W alrOpUTMOB PEKOHCTPYKLMM M30bpakeHuid. KnioueBbiM TpeboBa-
HWEM K haHTOMaM JJ1s peLLeHus 3TUX 3afad ABISETCA peaucTUYHasA MMUTaLMA opraHa.

B 0630pe onumcaHbl CyLLecTBYIOLLME HA HACTOALLMIA MOMEHT BapuaHTbl (JaHTOMOB MOJIOYHOM JKenesbl ANs Ny4eBoi anarHo-
CTUKM 1 npoLiecca UX CO3AaHuA.

MoucK nuTepaTyphl, COOTBETCTBYIOLLEN TeMe 0030pa, Npon3BoAmMNcs B 6asax AaHHbIx PubMed, eLibrary, a Takxe B nouckosoii
cucteMe Google Scholar. Beero B 0630p BK/toueHo 72 cTatbi 1 13 Te3MCOB MaTepuanoB KOHMEPEHLIMIA.

Bce Buabl GpaHTOMOB MOJIOHHOW JKene3bl MOXHO Pa3feNiuTb Ha ABa BWAA: BbIMUCIUTENLHBIE U GU3ndeckue. BolumcnnTenb-
Hble, B CBOK 04epefb, N0APa3AensoTCs Ha rpynnbl B 3aBUCMMOCTM OT TUNA NEPBUYHBLIX AaHHbIX: HA OCHOBE MaTeMaTU4eCKMX
Mogenei, u3 0bpasLoB TKaHel, C UCNOb30BaHMIN M306paXeHUn MeAUUMHCKON BU3yann3aLummn MOSIOYHOMN Xene3bl MauueHT-
Kn. Ousnyeckune GpaHTOMbI KNNaccUOULMPYIOTCS B 3aBUCUMOCTM OT cnocoba U3roToBeHNs: IUTbsl, 3D-neyaTn Unu NOCNoNHOro
(GOpMMUPOBaHMA C UCMONBb30BAHUEM KOHTPACTHbIX BelecTB. OCHOBHLIMU NPEMMYLLECTBaMU BbIYUCIIUTENBbHBIX (haHTOMOB fB-
NATCA YHUBEPCANBHOCTb, 3PHEKTUBHOCTb, TOHHOCTb M 6E30NacHOCTb, @ TaKKe BO3MOMHOCTb reHepupoBaTh bonblume 06b-
€Mbl BUPTYanbHbIX faHHbIX. Pu3ndeckue $haHTOMbI NO3BONAIT NONYYaTh Hauboniee peanucTUYHbe AMArHOCTUYECKWE W30-
OpakeHusa 6e3 y4yacTusa nauMeHToOB ¥ NPOBOANTL HEOTPaHUYEHHOE YMCIO JIy4eBbIX UCC/IeL0BaHUN.

KnioueBble cnoBa: MonoyHas xene3sa; 3D-neyatb; GaHTOMbI; paHTOMbI A1 SIy4EBOW ANArHOCTUKK; y4eBan LUMarHOCTUKa;
Hay4HbI 0630p.
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Anthropomorphic breast phantoms for radiology
imaging: a review

Yuriy A. Vasilev, Olga V. Omelyanskaya, Anastasia A. Nasibullina, Denis V. Leonov,
Julia V. Bulgakova, Dina A. Akhmedzyanova, Yuliya F. Shumskaya, Roman V. Reshetnikov

Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

ABSTRACT

Phantoms are used to validate diagnostic imaging methods or improve the skills of medical professionals. For instance, they
allow conducting an unlimited number of imaging studies during medical training, assessing image quality, optimizing radiation
dose, and testing novel techniques and equipment. Researchers in breast imaging use anthropomorphic models to validate,
assess, and optimize new methods for diagnosing breast diseases. Such models also facilitate control over the quality of
diagnostic systems, help optimize clinical protocols, and improve image reconstruction algorithms. Realistic simulation of the
breast tissue is essential to address the challenges of advancing X-ray mammary gland studies. The review aimed to describe
phantoms currently available for diagnostic imaging and the way they were fabricated. In this literature review, PubMed,
eLIBRARY, and Google Scholar databases were screened for relevant articles. Thus, 72 articles and 13 conference papers were
included. The study two major types of breast phantoms: computational and physical. Specifically, computational phantoms are
classified into subgroups depending on the data they use. These include mathematical models, tissue samples, and medical
images of the breast. The classification of the physical phantoms is based on their manufacturing process: casting silicone-
like substances, 3D printing with resins and plastics, or printing on paper using X-ray contrast ink. Computational phantoms
are generally advantageous with respect to versatility, efficiency, precision, and safety and allow the generation of large
amounts of virtual data. Physical phantoms provide the most realistic diagnostic images without the need for a patient and
allow performing an unlimited number of radiological studies.

Keywords: breast, 3D printing, phantoms, imaging phantoms, diagnostic radiology, literature review.
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