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Design of a 3D printing-based individualized thorax phantom for dose verification
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510515, China

Abstract: Objective To design an individual phantom that can reflect the real situation of patients by 3D printing technology
for realizing more accurate treatment plan verification. Methods Based on the reconstruction according to the CT image obtained
during positioning, the shell of the three-dimensional structure of the patient was obtained by 3D printing. Then the shell was
filled with radiation tissue-equivalent materials selected according to CT value of each organ, thereby obtaining the individualized
phantom which reflected patient's characteristics and then was used for dose verification. Results The synthetic equivalent
materials were scanned with CT. The obtained CT values of bone tissues, lung tissues, soft tissues and tumor were 1 100, -747.6,
-22 and -471 HU, respectively, with errors less than 22%. Conclusion The designed thorax phantom can accurately reflect the
differences between individuals, and the tissue-equivalent materials have excellent radiation properties. The designed thorax
phantom can be used in the actual dose verification.
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Fig.1 Flow diagram of phantom design
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Fig.2 Models before and after Mimics optimization
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Fig.3 Model printing process
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Fig.4 Final printed models
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Tab.1 Measured CT values of several common materials

CT{8/HU

MRS MR

H1 2% 3 FHE
1 PVCHIE# (S-65) -165.44 -170.48 -151.19 -162.37
2 BEPAF] (2K R 2 ) -108.75 -80.99 -76.58 -88.77
3 3 T8 A R U 688.01 709.44 71227 703.24
4 LW TR AR IR ) (EVA28, Hirbh 20 £ VA28%)  -429.34 -458.66 -402.42 -430.13
5 M ERERER K TR 1601.55 1630.80 1588.88 1607.08
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Tab.2 CT values of tissue—equivalent materials in

thorax phantom for dose verification

CT{/HU
B e ) RZE%
LR H2k H3k CFHME
B 1200 1250 1210 1100 22
TR 20 25 21 22 8
fili 4148 751 -730 -762 -747.6 1.2

Jidg X -456 -487 -470 -471 5.8

AHEFEAR T 3D AT EN Y M i AL SR
J7 R B AR, JE A Y CT 1RGO 8 2 0 1
A B P E A I = AES RSl i 3D AT BN KA
BB RHRFER 207 BARE . % 3D ATEMARRE S B
S NAAR LA, BATSME R | N TR &5 4G 1 L
YU RS R R P RURS B 07 B A A4l 4 52
BRI 00 , 35 Bl PR SRS T 1 5 G i, s TR YT 4
PR g e pg p R . (HOR H RTIZ AR BT i A B
B, B AR AR R BT CTE M 70 B OF AR
HERA ORI, R AR W B 2540 A — 2 R H S i
DL, 5 S A PR AL 18] 5 26 B 5 N AR L CT (B ]
REMM LA, S BRI . BN 2V CT (5 %E fir
PR 2 5 ] il SO RL T B T B ), 28T
SN, ESAE BN A A AR SR DL, T

b: ffizH 2R
E5 REFum

Fig.5 Radiation tissue—equivalent material
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