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Dose calculation algorithm for charged-particle beams passing through materials
with microheterogeneity
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The materials with microheterogeneity such as lung tissues and patient
immobilization devices will distort the dose distribution of charged-particle beams. The purpose of
this study is to develop a dose calculation algorithm to deal with this problem. The heterogeneous
material was assumed to be composed of small voxels filed with water or air. Then, variance of the
water-equivalent thickness of the material could be estimated based on a binominal theorem. Dose
distribution of a beam passing through the material was calculated by convoluting pristine Bragg
peaks of charged-particle beams according to the variance. This dose-calculation algorithm was
integrated into the treatment planning system of charged-particle therapy, and was validated through

beam experiments. Finally, the effects of an immobilization device on patient dose distribution
were investigated for a clinical case treated with carbon-ion beams.
Parts of this study have been published in PMB.
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