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AuTponoMopdHbIM (paHTOM KONIEHHOr0 CycTaBa Shack

AN UccnepoBaHWi METOAOM KOMNbIOTEPHOW ToMorpapuu

E.[. benskoBa, A.A. Hacnbynnuua, 10.B. bynrakosa, 0.B. Bnacosa, B.B. [pebeHHuKoBa,
0.B. OMensHckas, A.B. lNetpankuy, [1.B. JleoHos

Hay'-IHO-I'IpaKTVI‘-IECKVIVI KJIMHUYECKMIA LIEHTP ANArHOCTUKK U Teneme AULIMHCKNX TexHonoruit, Mockaa, Poccus

AHHOTALINA

06ocHoBaHMe. KoneHHbIN cycTaB — 4acTo BU3yanu3vpyeMas aHaTOMUuecKas 06M1acTb B KJIMHUYECKON npakTuke. ToyHas
WHTEprpeTaLms KOMNbIOTEPHBIX TOMOTpaMM TpebyeT FNyboKoro 3HaHWUs aHaTOMUW U XOPOLLIEr0 NOHUMaHMUS OCHOBHbIX TEXHM-
YECKMUX MPUHLMMOB M NPOTOKONOB BU3yanu3auuu. lpu npoBefeHUM KOMNbIOTEPHOI TOMOrpadmu, YTobbl He NofBepraTb pUCKY
3[0p0Bbe MaLUMeHTa, HEMaNoBaXHO M3bexaTb OWWBOYHBIX MCCNef0BaHW, BO3HUKAIOLWMX M3-33 HEKauecTBEHHOM paboThbl
obopynoBaHus, NpobnieM ¢ ero HaCTPOMKOM M YKNAAKOM NaumeHTa. 3TUX TPYAHOCTEN MOXHO U3bexaTb, eciM MCnoNb30BaTh
(aHTOMBI NS NpeaBapuUTeNbHOM HAacTpoiKK 060pya0BaHUA 1 06yyaTb MEAWLIMHCKWIA NEPCOHaN METOAMKE CKaHUPOBaHUA.
Lienb — pa3spaboTaTb MeTOAMKY CO31aHUA aHTPONOMOphHOro MeaMULMHCKOro GaHTOMa KOJIEHHOrO CYCTaBa, afieKBaTHO Mo-
LENVPYIOLLEro PEHTIEHOBCKYIO MOTHOCTb COOTBETCTBYIOLLIMX TKAHEN YeNIOBEKa, A1 UCCNE0BaHUA METOAOM KOMMbIOTEPHOM
TOMOrpaduu.

Marepuanbl u MeTogpbl. MaHTOM KONEHHOrO CycTaBa CoAepXUT Mofenu benpeHHoi, 6onbliebepLoBoit U ManobepLoBoii
KOCTEW, HAJIKOJIEHHWUKA, a TaKKe KoJlaTepanbHbIe CBA3KW, J1aTepasibHbI U MeauanbHbIi MEHUCKM, CYXOXUINE YeTbIpExrna-
BOW MbllLLbl Beapa, NepefHion U 3afHI0 KpecToobpasHble CBA3KM, CBA3KY HaLKONEHHUKA. Moaenu cBA30K pacneyataHbl
Ha 3D-npuHTEpe M3 CMOJIbI, KOCTU OT/IUTHI U3 CUIIMKOHA, MSIFKWE TKaHU MOJENMPOBaTuCh OAHOPOAHOM CTPYKTYPOIA U3 CUIIMKO-
HOMOZO0BHBIX MaTepUanoB M M3roTaBNMBaNUCh METOAOM JINTbS B CUNIMKOHOBbIE GOpMbI. AHANOMMYHBIM 06pa3oM MoJenupo-
BaJICA KOXHbI NOKpoB. [pu uccneoBaHMM ayUana3oH aHOLHOMO HaNPSAXKEHWUA KOMNbloTepHOro ToMorpada Bapbuposan ot 80
£o 140 kB, TonwmHa cpe3a paeHa 1,25 MM.

Pesynbtathbl. Pa3paboTaHHbI aHTPOMOMOPdHLIN (aHTOM KOJEHHOr0 CycTaBa MPOAEMOHCTPUPOBA PEHTTEHOBCKYIO MOT-
HOCTb MOZLESIUPYEMbIX aHAaTOMUYECKUX CTPYKTYP: CBA30K B Anana3oHe 80-120, koctein — 320-370, MArKUX TKAHEN W KON —
20-60 eauuny no wkane Xaycpunga. Vicnonb3oBaHue afanMTUBHBIX TEXHONOMIA MO3BONMNO J0BUTLCA CXOXeECTU PopM daH-
TOMa C KOJMEHHbIM cycTaBoM. [lanbHemiume uccnefoBaHus MoryT ObiTb HanpaBneHbl Ha co3AaHue bonee CNOXHOA Moaenu
KOCTHOM TKaHM (pasfenbHO KOPTUKaMbHOTO Cost U ryB4aToro BeLLecTsa).

3akntoyeHune. AHTponoMopdHbIA GaHTOM KONIEHHOTO CycTaBa 06sieryaeT noayyeHWe Ka4ecTBEHHbIX M300paXKeHNN KOMMbIO-
TepHoW ToMorpadum, be3 npeaBapUTENbHOTO CKaHUPOBaHWSA MALMEHTOB.

KnioueBble cnoBa: MegUUMHCKMI HaHTOM; KOMMNbIOTEPHast TOMOrpadus; KOJIEHHbIN CYCTaB.
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Medical phantom of the knee joint for computed
tomography studies

Ekaterina D. Belyakova, Anastasia A. Nasibullina, Julia V. Bulgakova, Olga V. Vlasova,
Veronika V. Grebennikova, Olga V. Omelyanskaya, Alexey V. Petraikin, Denis V. Leonov

Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russia

ABSTRACT

BACKGROUND: The knee joint is a frequently visualized anatomical region in clinical practice. Accurate interpretation of CT
scans necessitates a comprehensive understanding of anatomy and a sound grasp of fundamental technical principles and
imaging protocols. To safeguard the patient's well-being, it is of paramount importance to prevent erroneous studies resulting
from suboptimal equipment quality, setup issues, and patient positioning. These difficulties can be circumvented by the use of
phantoms to pre-adjust the equipment and the provision of training to medical staff in scanning techniques.

AIM: The aim of the study was to develop a technique for creating an anthropomorphic medical phantom of the knee joint that would
accurately reflect the X-ray density of the corresponding human tissues, thus enabling the use of computed tomography studies.
MATERIALS AND METHODS: The knee joint phantom comprises a series of models representing the femur, tibia, fibula,
patella, collateral ligaments, lateral and medial menisci, tendon of the quadriceps femoris muscle, anterior and posterior
cruciate ligaments, and patellar ligament. Ligament models were 3D-printed from resin, bones were cast from silicone, soft
tissues were modeled with a homogeneous structure of silicone-like materials and made by casting into silicone molds. The
skin was similarly modeled. In the study, the anode voltage range of the CT scanner varied from 80 to 140 kV, and the slice
thickness was equal to 1.25 mm.

RESULTS: The developed anthropomorphic knee joint phantom demonstrated the X-ray density of the modeled anatomical
structures, with ligaments exhibiting a range of 80—120 units on the Hausfield scale, bones exhibiting a range of 320-370 units,
and soft tissues and skin exhibiting a range of 20—60 units. The use of additive technologies made it possible to achieve a high
degree of similarity between the phantom forms and the knee joint. Further research may be directed towards the creation of
a more complex model of bone tissue, comprising a separate cortical layer and spongy substance.

CONCLUSIONS: The use of an anthropomorphic knee phantom allows for the acquisition of high-quality CT images without the
need for prior scanning of patients.

Keywords: medical phantom; computed tomography; knee joint.
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