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The Construction of Trunk Voxel Phantom by Using CT Images and Application to
3 Dimensional Radiotherapy Treatment Planning
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ABSTRACT

Trunk voxel phantom was constructed by using whole body CT images and tumor doses were calculated by
using Monte Carlo method after simulating situation of radiotherapy treatment planning. The whole body
CT images of VHP(Visual Human Project) man were acquired from National Library of Medicine of USA.
153 slices of trunk part were extracted from whole body CT images and MCNP4B, a general purpose
Monte Carlo code, was used for dose calculation. Gray scale of CT images were converted into density of
medium and processed into trunk voxel phantom ported to MCNP4B input deck. The conversion method
was verified by comparing cross sectional images of voxel phantom with original CT images. Tumor
volumes with diameter of 3cm were defined in liver, stomach and right lung and irradiated with 5, 10 and 15
MeV gamma beam with diameter of 6cm. The technical basis for 3D dose calculation was established
through this study for localization of 3D RTP system.
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Figurel. Color cross section photo(left) and CT image(right) of VHP man.
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Table 1. Element breakdown and gray scale range for the 5 primary tissues.

Lung Fat Water Muscle Bone
CT gray scale or103 1030127 1270129 1290164  164[P56
Density range  0.05[0.65 0.85[0.98 1.00 1.06[1.26 1.48[R.10

H(Z=1) 10.3 11.4 11.1 10.2 3.4
C(z=6) 105 50.8 14.3 155
N(Z=7) 3.1 0.7 34 42
0(Z=8) 74.9 27.8 88.9 71.0 435
Na(z=11) 0.2 0.1 0.1 0.1
Mg(Z=12) 0.2
P(Z=15) 0.2 0.2 10.3
S(z=16) 0.3 0.1 0.3 0.3
Cl(z=17) 0.3 0.1 0.1
K(Z=19) 0.2 0.4
Ca(Z=20) 225
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CT image in JPEG format ——+ Binary file with gray scale + Voxel matrix for MCNP4B

Professional graphic software Preprocessing code

Figure2. Flow diagram of data processing for MCNP4B input file.
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Table2. Color indexes, cell number and its material for MCNP4B.

Cell number Material
Pink 10 Air
Blue 20 Lung
Green 30 Fat
Yellow 40 Water
Gray 50 Muscle
Sky blue 60 Bone
Orange 70 Tumor
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Table3. Modified range of gray scale.

Lung Fat Water Muscle Bone
CT gray scale 40080 8000 90[100 100130  130[R56
Density range  0.05[0.65 0.85[0.98 1.00 1.06[1.26 1.48[R.10
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Table4. Tumor dose(Sv) for lung, liver, stomach irradiated by 5, 10 and 15MeV gamma beam with diameter,

4cm.
Lung Liver Stomach
5MeV 6.96240E-12 7.13974E-12 7.12573E-12
10MeV 1.25890E-11 1.28119E-11 1.27838E-11
15MeV 1.80758E-11 1.83081E-11 1.82910E-11
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(@) 7"slice

(c) 110" slice

(d) 125" slice
Figure3. Comparison between original CT images(left) and converted voxel slice(right) by Alfidi’s

range(right)



(f) 110" slice

(d) 125" slice
Figure4. Comparison between original CT images(left) and converted voxel slice(right) by modified

range(right)



(a) Coronal view at y=0 plane
Figureb. Sagittal and coronal view of voxel phantom(left) and VHP man(right).

(a) Liver (x=-10,y=0,48" slice) (b) Lung (x=10,y=0,33th slice) (c) Stomach(x=10,y=0,48" slice)
Figure6. Position of tumor volume in (a) liver, (b) lung and (c) stomach.
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