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Electron densities measured in the dual-energy x-ray CT compared with theoretical values and reference
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Figure 3. Dual-energy x-ray CT images of the phantom for simulating a head. The ellipsoidal vessel is filled with water,
and each smaller vessel is filled with solution of di-potassium hydro-phosphate. The images of (A) and (B) are based on
attenuation coefficients for 40 keV x-ray and 70 keV x-ray, respectively. The images of (C) and (D) are based on the elec-

tron density and effective atomic number, respectively.
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Figure 4. Dual-energy x-ray CT images of thorax of a rat. The images of (A) and (B) are based on attenuation
coefficients for 40 keV x-ray and 70 keV x-ray, respectively. The images of (C) and (D) are based on the electron density
and effective atomic number, respectively. The ring located at left upper in each image shows a water sample, which was

used to verify accuracy of the measurement.
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Figure 5. Dual-energy x-ray CT image of brain of a pig. The images (A) and (B) are based on attenuation coefficients
for 40 keV x-ray and 70 keV x-ray, respectively. The images (C) and (D) are based on the electron density and effective
atomic number, respectively. There is no furrow in the images (B) and (C). The image (C) shows that the electron densi-
ty of the brain is homogeneous over the cross sectional area. However, the furrows clearly appear in the images (A) and
(D). The image (D) tells that the effective atomic number of the areas of the furrows is slightly lower than the brain

parenchyma.
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Table 1. ROI average values of p, and Z;

Brain parenchyma | Ventricle Difference (%)
P (X 10%) 3.43+0.01 3.42+0.01 0.2+0.5
Zesp 7.66£0.05 7.54+0.05 1.7+£0.7
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Figure 6. An electron density image of kidney of a pig. The low
electron density part (the dark area) is corrsponding to renal pelvis.
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Monochromatic X-ray computed tomography and its medical applications
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Takanori TSUNOO

Abstract

Electron density distribution of a body is indispensable for treatment planning of charged particle radiotherapy
for cancer, which has recently become popular in Japan. More accurate electron density is required to make the
treatment planning more precise. One of methods for directly measuring the electron density of examinee is dual-
energy x-ray CT imaging. Feasibility study of the dual-energy x-ray CT in which two different energy x-rays are in-
dependently used has been started to establish a practical way to measure the electron density quantitatively. It
was experimentally proved that the electron densities of phantom materials were measured in about 1% accuracy
in the dual-energy x-ray CT. Rats and organs of a pig were also used as the samples to reveal features of images of
dual-energy x-ray CT.
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