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Effective energy assessments of the employed low-energy X-ray spectra in
the intraoperative radiotherapy

R. Shamsabadi, H. R. Baghani”
Physics Department, Faculty of science, Hakim Sabzevari University, P.O.BOX: 9617976487, Sabzevar,
Iran.
Abstract:

Intraoperative radiotherapy through low-energy X-rays of the INTRABEAM treatment system
along with the spherical applicators with different diameters, is considered as one of the most
effective modalities for breast cancer treatment. Due to the continuous nature of the emitted X-
rays from the INTRABEAM system, it is difficult to estimate the biological and dosimetric
effects of the emitted X-rays. Therefore, the aim of this study is to estimate the effective
energies of emitted X-rays from the different spherical applicators of INTRABEAM system.
After the simulation of the INTRABEAM system along with dedicated spherical applicators, the
emitted low-energy X-rays spectra were calculated by Geant4 Monte Carlo toolkit. Then, the
evaluation of the effective energies of emitted X-rays was performed by the calculation of the
linear attenuation coefficients and the reported NIST data for linear attenuation coefficient in an
Aluminum attenuator. The results showed that the estimated effective energies change with
increasing the spherical applicator diameters from 19.86 keV to 23.12 keV in small applicators
and 21.89 keV to 24.38 keV in large spherical applicators. Besides, the obtained effective
energies have the appropriate validity to estimate the biological and dosimetric effects of low-
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energy X-rays obtained from the mentioned treatment system. Since the biological effects of
low-energy X-rays are significantly dependent on their energy, changing the diameter of the
applicator may change the biological and dosimetric characteristics of low-energy X-rays used
in radiotherapy of breast tumors.

Keywords: Breast cancer, Monte Carlo simulation, Effective energy, Low-energy X-

rays, INTRABEAM system
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2 percent depth dose
3 Linear attenuation coefficient
4 National Institute of Standard and Technology
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