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ABSTRACT

In CT equipments, the contrast scale changes as the equipment ages. In order to maintain a constant contrast
scale in clinical practice, users must perform periodic quality control. In this study, the contrast scale for each
effective photon energy was determined and analyzed based on CT slice images of the CT number calibration
block in the AAPM CT performance phantom. CT slice images of the CT number calibration block were obtained
with five scans each at 80, 100, 120, and 140 kVp X-ray beams. In the 5 CT slice images obtained for each tube
voltage, the average CT number of the averages was calculated from the average CT numbers measured by
setting the region of interest to water and 5 pins. For water and 5 pins, a linear regression analysis was
performed on the average CT number of the averages calculated for each tube voltage versus the line attenuation
coefficient for each photon energy, and the photon energies with the largest correlation coefficients of 58.5, 65,
71, and 77 keV were found to be effective photon energies. decided. The line attenuation coefficient used to
determine this effective photon energy was automatically determined as the effective linear attenuation coefficient.
For the effective photon energy, a linear equation was obtained by linear regression analysis of the average CT
number of the averages in water and the five pins versus the difference in effective linear attenuation coefficient
between the five pins and water. The contrast scale was determined by taking the slope of the obtained linear
equation as the reciprocal. The determined contrast scale is 0.000198 to 0.000177 e¢m™ HU" in the effective
photon energy range of 58.5 to 77 keV. The contrast scale decreased as the effective photon energy increased.
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II. MATERIAL AND METHODS
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Fig. 1. Placement for CT slice scan.
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Fig. 2. Measurement of mean CT number for each pin
and water.
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Table 1. Average CT numbers of averages measured
for each pin and water

Tube Average CT number of averages + SD
V((l)(lt\;lpg)e p olleyséhy pogflsétyr water  nylon p (z)lzgferb acrylic
20 -106.47 -51.23 0.4 78.43 91 118.4
+ 050 + 068 =+ 053 +£095 =+ 135 =+ 0.56
100 -91.57  -359 0.17 91.83  104.47 130.13
+0.12 +026 +0.12 +0.64 =+0.12 =+ 0.70
120 -80.03  -26.20 0.53 10043 11290 137.6
+ 038 + 027 +021 +049 =+ 0.50 =+ 0.50
140 27313 -19.17 1.70 107.83  119.33  143.30

+ 035 +038 020 =+ 035 +0.15 =+ 052
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Table 2. Effective linear attenuation coefficients for
each effective photon energy determined for each pin
and water

Effective Effective linear attenuation
Tube . -1
photon coefficient(cm ')
voltage energy lyet polyst )\
(kVp) polyet polys polycar .
p (keV) hylene yrone water nylon bonate acrylic
80 58.5 0.186 0.198 0.208 0.224 0.225 0.231
100 65 0.181 0.192 0.199 0.216 0.218 0.222
120 71 0.177 0.187 0.192 0.210 0.212 0.216
140 77 0.173 0.183 0.186 0.206 0.207 0.211

Table 3. Differences in effective linear attenuation
coefficients between reference materials and water at
each effective photon energy

Effective IR - uW (cm'l)

photon

energy polyethy polystyr water  nylon polycarb acrylic
(keV) lene ene onate

58.5 -0.022  -0.010 0 0.016 0.017 0.023
65 -0.018 -0.007 0 0.017 0.019 0.023
71 -0.015  -0.005 0 0.018 0.020 0.024
77 -0.013  -0.003 0 0.020  0.021  0.025
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Fig. 3. Linear regression analysis of the average CT number
of averages versus effective linear attenuation coefficient
difference at an effective photon energy 58.5 keV.
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Fig. 4. Linear regression analysis of the average CT
number of averages versus effective linear attenuation
coefficient difference at an effective photon energy 68 keV.
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Fig. 5. Linear regression analysis of the average CT
number of averages versus effective linear attenuation
coefficient difference at an effective photon energy 71 keV.
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Fig. 6. Linear regression analysis of the average CT
number of averages versus effective linear attenuation
coefficient difference at an effective photon energy 77 keV.
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Table 4. Results of linear fit of data corresponding to
each effective photon energy in Tables 1 and 3

Effective photon Slope Intercept ~ Contrast scale
energy (keV) (HU/cmhl) (HU) (cm-1 HU_I)
58.5 5030.47 1.63 0.000198
65 5377.77 2.71 0.000186
71 5559.70 1.95 0.000180
77 5639.11 -0.35 0.000177

IV. DISCUSSION
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V. CONCLUSION
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