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Feasibility of converting megavoltage CT value to electron density based on single linear
relationship

WANG lJian-jie, WANG Kai-fa, LI Yi, YANG Ke-cheng
School of Biomedical Engineering, Third Military Medical University, Chongqing 400038, China

Abstract: Objective To present a simple conversion from megavoltage CT (MVCT) value in Hi-ART tomotherapy system to
electron density (p.), and investigate the feasibility in dose calculation of radiotherapy. Methods A single linear relationship
between linear attenuation coefficient of 3.5 MV X-ray and p. was deduced based on the principle of X-ray interaction with
matter. A CIRS 062 phantom was scanned with a Hi- ART tomotherapy MVCT scanner and a GE LightSpeed 16 scanner
separately. p. was calculated from the linear equation obtained by linear fitting for MVCT value and p., and the error was
analyzed. For kVCT image, CT value-p. conversion curve was established based on traditional stoichiometric calibration.
Results The determination coefficient (%) of the linear fitting for MVCT values and p. was 0.998 8. The relative errors of p.
calculated values based on the fitting equation were within +2%, except for lung equivalent insert matter of the CIRS 062
phantom (-7.16%). Conclusion The MVCT value-p. calibration line with a single linear relationship could accurately obtain
the p. calculated values, which can be used for dose calculation of radiotherapy.
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Tab.1 Interaction of 3.5 MV X-ray with matter

Weight of interaction

Matter & lem’ Compton Photoelectric Pair
scattering effect production
H 0.000 0.000 0.993 0.000 0.007
@ 1.529 0.056 0.962 0.000 0.038
N 0.001 0.000 0.956 0.000 0.044
(0) 0.001 0.000 0.950 0.000 0.049
Ca 1.392 0.055 0.884 0.001 0.114
I 3.706 0.180 0.723 0.013 0.260
Lung 1.042 0.038 0.959 0.000 0.041
Adipose 0.952 0.035 0.965 0.000 0.035
Breast 1.015 0.037 0.962 0.000 0.038
Water 1.000 0.037 0.959 0.000 0.041
Muscle 1.042 0.038 0.959 0.000 0.041
Cortical bone 1.781 0.067 0.936 0.000 0.064

p.: Reltive electron density
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Fig.1 CT values—p. plots of experimental data for inserts
of CIRS 062 phantom
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The relative error of the measured p. for lung insert was maximum
(-7.16% ). Error bars presented the standard deviation obtained
from sets of measurements with all pixels in the selected region of

interest.
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Fig.2 Accuracy of p. calculated by fitting equation (4)
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A profile of the calculated pl,“al along the horizontal line passing through

the center of the phantom, which is indicated by the broken line, was shown

aal
at the bottom of each p, " image.
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Fig.3 Comparison of megavoltage CT image and kVCT image of CIRS

062 phantom (WW/WL=400 HU/60 HU), and calculated p:al image
(WW/WL=1.231/1.035)
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