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Monte Carlo simulation of lateral electron disequilibrium in different lung density phantoms

after small-field radiation
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Abstract: Objective To study the effects of small-field radiation on lateral electron disequilibrium in different lung density
phantoms and provide references for small-field radiotherapy for lung cancers. Methods Monte Carlo code EGSnre/DOSXYZnrc
was used to simulate different densities of lung tissues after radiation with different field sizes. The combinations of 2 kinds of
energies (6 MV and 15 MV), 8 kinds of field sizes (from 0.2 cm*0.2 cm to 3.0 cmx3.0 cm) and 7 kinds of lung densities (from
0.001 g/em’ to 1.000 g/cm’) were selected in the simulation. The lateral electron disequilibrium was evaluated by dose reduction
percentage. Results The dose reduction percentage was very large and changed remarkably with the density when the lung density
was less than 0.4 g/cm’. However, when the lung density was greater than 0.4 g/cm’, the change of dose reduction percentage
was mitigated with the density. The attenuation of lung dose decreased with the increase of radiation field, and the doses in the
small fields behind the lung tissues were significantly increased. Conclusion In a range of low density, the change of density
might cause dramatic changes in the lung dose. During the treatment for lung cancer, medical physicists should pay more attention
to the accuracy of the CT- electron density conversion curves and select the optimal radiotherapy parameters to protect the organs-
at-risk around the lungs. A more accurate dose calculation method considering the electron disequilibrium is recommended in
the low-density lung dose calculation.
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Fig.1 Percent depth dose at different depths (a) and the off—axis ratios at the depth of 11.9 cm (b) and 21.9 ¢cm (c¢) when the energy is 6 MV and
field size is (0.4x0.4) cm’
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Fig.2 Percent depth dose at different depths (a) and the off—axis ratios at the depth of 11.9 cm (b) and 21.9 cm (c¢) when the energy is 15 MV
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Fig.3 Percent depth dose at different depths (a) and the off-axis ratios at the depth of 11.9 cm (b) and 21.9 cm (c) when the energy is 6 MV and
the density of lung is 0.001 g/cm’
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