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Relative electron density measurement accuracy improved with linear mix technique on dual

energy cone-beam CT

MEN Kuo, DAI Jianrong, CHEN Xinyuan, LI Minghui, ZHANG Ke, HUANG Peng
National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100021,
China

Abstracts: Objective To improve the accuracy of relative electron density (RED) measurement by reducing the beam
hardening effect using linear mix technique on dual energy cone-beam CT (CBCT). Methods CBCT images were obtained
using CBCT system of Elekta Synergy linear accelerator with the maximum tube voltage of high- and low-energy X-ray of
120 kV and 70 kV, respectively. As a comparison, single-energy CBCT image was acquired at the tube voltage of 100 kV.
When the high- and low-energy X-ray passed through aluminum material of different thickness, the X-ray attenuations were
measured using aluminum ladder. And the spectra distribution was obtained with iterative perturbation method to determine
the optimal linear mix coefficients of high- and low-energy image, obtaining mixed images HU,. Taking the obtained HU,;
as the new CBCT images, we established the HU,.,-RED calibration curve and calculated the RED of the material. Finally,
we applied Catphan 500 phantom, head and neck phantom of Alderson Rando, and pelvis phantom to verify the accuracy of
the proposed method. Results The correlation coefficients of the theoretical RED and the RED obtained from Catphan 500
phantom of head and pelvis were 0.995 and 0.975, respectively, better than those obtained from the single-energy CBCT
(0.975 and 0.953). Compared with single-energy CBCT imaging method, the dual-energy CBCT-based method effectively
reduced the beam hardening artifacts and measured the RED more accurately. Conclusion The established dual- energy
CBCT linear mix imaging method can accurately measure the RED of the material and provide technical support for
improving the accuracy of adaptive radiation therapy.
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a: CIRS 062

b: Catphan 500

d: Pelvis phantom

c: Head and neck model of
Alderson Rando
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Fig.1 Four phantoms used in the experiment
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Fig.2 Flowchart of linear mix technique on dual energy cone—beam CT (CBCT)
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