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Effects of mismatch between CT scanning voltage and CT-RED conversion curve on

radiotherapy dose
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Abstract: Objective To explore the effects of different voltages selected for computed tomography (CT) positioning and CT
number-relative electron density (CT-RED) conversion curves on the calculation of radiotherapy dose. Methods Under the
voltages of 80, 100, 120 and 140 kV, CIRS 062M phantom were scanned by a large-aperture CT simulator, thereby
establishing CT-RED conversion curves under different voltages. A known high-density material was embedded in the center
of a uniform paraffin phantom, and by setting a series of combinations of different voltages and CT-RED conversion curves,
radiotherapy plans with different irradiation angles were established in treatment planning system. The variations of doses
(Dy;, Dpand Dy;) delivered to 3 points of interest (I, I, and I;) selected at the front, middle and rear of the high-density
material and the changes in the D, .., D, and D, of the high-density material were analyzed when voltages mismatched with
CT-RED conversion curves. Results Under the mismatch between voltages and CT-RED conversion curves, the doses of
radiotherapy plan were significantly different, among which D, ., Dy, D;,, D;; were most affected, with statistical differences
(all P<0.05). Conclusion The voltage for CT positioning needs to match with CT-RED conversion curve selected for
radiotherapy planning. Otherwise, it will lead to great differences in the calculations of dose in the high-density material and
the dose at the exit of radiation field, thus affecting radiotherapy accuracy.
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Fig.1 CT image of high—density phantom embedded in

a uniform paraffin phantom
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Fig.2 CRIS062 electron density phantom and its CT image
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Tab.1 Relative electron density (RED) and CT number of the

tissue—equivalent phantom

iR /HU

LAY AR L TR

140kV 120kV 100kV 80kV
Air 0.001 -1000 -1000 -1000 -1000
Lung-Inhale 0.205 -842 -838 -842  -838
Lung-Exhale 0.507 -533 -533 -532 =532
Adipose 0.960 -76 -82 -87 -98
Breast 0.990 -33 -39 -41 -51
Water 1.000 0 -1 -1 -2
Muscle 1.060 48 45 46 46
Liver 1.070 76 75 79 84
Bone-Trabecular 1.117 228 246 284 346
Dense Bonel 1.456 816 890 1023 1237
Dense Bone2 1.695 1263 1377 1587 1921
Paraffin wax 0.935 -140 -115 -100 -90
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Fig.3 CT —RED conversion curves under different voltages
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Fig.4 Three points of interest (I,, I, and I;) were marked as

‘+’ in the 0° single—field radiotherapy plan
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Fig.5 Differences in CT number of different density

phantoms under different voltages
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Tab.4 Results of statistical analysis on grouping data (Gy)

AEE 4N S BfetafEx FE PHE

D, A 32 78.02£0.70 452 0.035
B 96 78.10£0.92

D, A 32 94.42+084 008 0.779
B 96 94.37+0.84

Dy A 32 66.42£0.66  24.67 0.000
B 96 66.63+1.44

D, A 32 103.53:0.54 027  0.602
B 96 103.530.58

D, A 32 76.76£0.59  9.25  0.003
B 96 76.87+0.88

Dy, A 32 59.45£0.79  12.01  0.001
B 96 59.51£1.27
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