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ABSTRACT

Proton therapy using the Bragg peak is one of the radiation therapies and can deliver its maximum energy to
the tumor with giving least energy for normal tissue. A cross-sectional image of the human body taken with the
computed tomography (CT) has been used for radiation therapy planning. The HU values change according to the
tube voltage, which lead to the change in the boundary and thickness of the anatomical structure on the CT
image. This study examined the changes in the Bragg peak of the brain region according to the thickness
variation in the head phantom composed of several materials using the Geant4. In the phantom composed of a
single material, the Bragg peak according to the type of media and the incident energy of the proton beams were
calculated, and the reliability of Geant4 code was verified by the Bragg peak. The variation of the peak in the
brain region was examined when each thickness of the head phantom was changed. When the thickness of the
soft tissue was changed, there was no change in the peak position, and for the skin the change in the peak was
small. The change of the peak position was mainly changed when the bone thickness. In particular, when the
bone was changed only or the bone was changed together with other tissues, the amount of change in the peak
position was the same. It is considered that measurement of the accurate bone thickness in CT images is one of
the key factors in depth-dose distribution of the radiation therapy planning.
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Fig. 1. Schematic Illustration of Proton Interactions.
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Fig. 2. Phantom Geometry of Geant4 Simulations.

Skin Soft tissue Bone Brain

Fig. 3. Geometry of the Head Phantom.

I-value  Density

Composition Ratio

Materials

[eVI  [g/em’] H C N Na Mg p S cl K Ca
Skin 727 109 01 0204 0042 0645 0002 - 0001 0002 0003 0001
Soft tissue 723 103 0.05 0256 0027 0602 000 - 0002 0003 0002 0002 -
Bone 919 185 0064 0278 0027 041 - 0002 007 0002 - - 0147
Brain 733 104 0107 0145 0022 0712 0002 - 0004 0002 0003  0.003
III. RESULTS
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Fig. 4. Bragg Peaks of Proton Beams in the Water
Phantom.
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Table 2. Bragg-peak Positions and Ranges of Proton
Beams in the Water Phantom

Peak pos. [mm] Range [mm]

Energy [MeV]

b a b
60 30.6 30.8 323 323
80 51.3 51.7 54.0 54.0
100 76.4 76.9 80.2 80.3
120 105.5 106.2 110.7 110.8
140 138.4 139.3 145.0 145.2

a = Density 1.000 g/cm’ and I-value 75 eV
b = Density 0.998 g/cm® and I-value 78 eV
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Table 3. Bragg-peak Positions, FWHMs and Ranges of
100 MeV Proton Beams for Different Media

Materials POk Pos. - dBizpeu FVHM - Ranse
Water 76.9 0.517 4.996 80.3
Soft tissue 74.2 0.536 4.820 71.5
Brain 73.6 0.541 4.776 76.8
Skin 70.6 0.564 4.582 73.7
Bone 44.5 0.882 2.965 46.6
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Fig. 7. Bragg Peaks of Proton Beams in the Bone
Phantom.
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IV. DISCUSSIONS
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