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The effect of tube voltage and current on the CT number and
relative electron density in computed tomography simulator
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Abstract

Background: Nowadays, the dominant role in cancer treatment is radiotherapy. For accurate dose calculations, it is
necessary to provide a correct relationship between the CT numbers and electron density because the change in
electron voltage and current leads to changing relationship between CT number and the relative electron density in the
computed tomography simulator. Objective: To study the effect of tube voltage and current on the CT number and
relative electron density in the computed tomography simulator. Methods: Two trials were performed by providing tube
voltage 70, 80, 100, 120, and 140 kVp with a constant current set to 300 mAs and the second experiment was set to the
constant tube voltage by adjusting the current value from the lowest to the largest. For 70 kVp vary the current from
100-500 mAs, for 80 kVp vary the current from 100-600 mAs, for 100 kVp vary the current from 100-700 mAs, for 120
kVp vary the current from 100-700 mAs and 140 kVp vary the current from 100-600 mAs. Results: The tube voltage
increases the differences between RED-CT number curves due to the current variations decrease. In the range of tube
voltage 100-140 kVp, the difference between CT number is 0.25 + 1.05, 0.47 = 3.02 and 0.02 + 0.21, respectively.
Conclusions: The appropriate tube voltage was in the range of 100-140 kVp, where the current has little effect on the
relationship between the CT number and the relative electron density.

Keywords: Computed tomography, CT number, Relative electron density
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Tissue RED 70 kVp 140 kVp HU + O70.140
Equivalent HU +0 HU +0

LN-300 Lung 0.286 -695.85 0.83 -712.96 0.85 17.11 0.20
LN-450 Lung 0.409 -563.21 7.30 -5568.38 0.77 5.17 7.26
Adipose 0.926 -127.31 7.88 -87.68 0.24 -39.63 7.88
Breast 0.962 -46.52 4.33 -44.84 0.84 -1.68 4.24
Water 1.000 -5.11 3.05 0.29 1.39 -5.40 2.71
Solid Water 1.020 13.65 1.88 2.25 0.94 11.30 1.63
Brain 1.048 2.15 5.97 26.05 2.13 -23.90 5.58
Liver 1.058 73.84 3.17 68.45 1.00 5.39 3.01
Inner Bone 1.098 349.33 0.57 204.50 0.78 144.83 0.54
Bone Mineral 1.111 370.96 5.49 218.36 2.24 152.60 5.02
CB2-30% 1.280 664.51 6.89 438.44 1.75 226.07 6.67
CB2-50% 1.470 1227.16 14.00 792.85 2.79 434.31 13.71
Cortical Bone 1.695 1869.19 3.63 1209.26 2.94 659.93 2.12
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AT 2. ANUUANFANTENINANAVTRAZANTEUUNIATEIUUDY 70 KVp 71 100 mAs uaz 500 mAs dmFunnaAl Relative
electron density (RED) luusaz Tissue equivalent

Tissue Equivalent RED 100 mAs

500 mAs HU + 0100-500
HU + 0 HU + 0
LN-300 Lung 0.286 -623.57 4.75 -706.31 3.01 82.74 3.67
LN-450 Lung 0.409 -495.62 11.31 -555.66 3.54 60.04 10.75
Adipose 0.926 -116.51 10.17 -121.70 3.89 5.19 9.39
Breast 0.962 -28.35 2.19 -59.73 4.05 31.38 3.41
Water 1.000 -21.61 3.62 -7.58 10.20 -14.03 9.54
Solid Water 1.020 1.23 9.43 12.14 4.31 -10.91 8.38
Brain 1.048 16.66 12.94 -12.72 5.64 29.38 11.65
Liver 1.058 35.18 4.78 76.68 0.30 -41.50 4.77
Inner Bone 1.098 288.25 4.27 353.90 5.59 -65.65 3.61
Bone Mineral 1.111 319.27 2.28 374.35 2.27 -55.07 0.24
CB2-30% 1.280 472.95 7.54 671.98 4.07 -199.03 6.35
CB2-50% 1.470 826.31 19.84 1291.01 5.37 -464.70 19.10
Cortical Bone 1.695 1314.27 10.15 1994.99 11.44 -680.72 5.28
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CB2-30% 1.280 568.11 8.80 603.56 1.86 -35.45 8.61
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Tissue Equivalent RED 100 mAs 700 mAs HU + O0100.700
HU +0 HU + 0
LN-300 Lung 0.286 -712.17 1.42 -713.25 0.44 1.08 1.35
LN-450 Lung 0.409 -558.85 2.02 -560.15 1.26 1.30 1.58
Adipose 0.926 -99.93 3.19 -102.49 0.49 2.55 3.15
Breast 0.962 -54.62 0.99 -51.79 1.02 -2.83 0.26
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Brain 1.048 10.91 2.39 11.98 1.08 -1.06 2.13
Liver 1.058 68.20 1.44 70.04 2.32 -1.83 1.82
Inner Bone 1.098 250.31 2.84 250.98 0.24 -0.66 2.83
Bone Mineral 1.1 262.92 1.79 264.02 2.66 -1.11 1.97
CB2-30% 1.280 510.47 1.75 510.73 2.04 -0.25 1.05
CB2-50% 1.470 950.35 4.44 950.80 2.41 -0.45 3.74
Cortical Bone 1.695 1463.11 5.25 1463.56 6.56 -0.45 3.95
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Aanmsaudusinglunsas Tissue equivalent

i i 100 mAs 600 mAs
Tissue Equivalent RED U P o0 e HU + 0100700

LN-300 Lung 0.286 -715.59 0.91 -714.87 1.52 -0.72 1.21
LN-450 Lung 0.409 -565.30 2.01 -560.01 1.15 -5.29 1.65
Adipose 0.926 -94.02 1.44 -93.39 0.25 -0.63 1.41
Breast 0.962 -47.55 1.24 -51.26 0.80 3.72 0.94
Water 1.000 1.36 7.90 -2.61 12.71 3.97 9.96
Solid Water 1.020 0.57 1.68 2.02 1.56 -1.44 0.62
Brain 1.048 19.28 1.16 18.00 1.56 1.28 1.04
Liver 1.058 68.50 3.09 68.03 0.65 0.47 3.02
Inner Bone 1.098 223.68 2.05 225.23 0.96 -1.55 1.81
Bone Mineral 1.111 239.35 1.35 237.75 1.58 1.60 0.82
CB2-30% 1.280 470.49 1.40 469.41 1.31 1.07 0.49
CB2-50% 1.470 859.86 2.70 863.61 3.80 -3.75 2.68
Cortical Bone 1.695 1325.38 2.44 1324.06 2.14 1.32 1.18
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AT 6. AUUANFANTENIWNANAVTARAZ AT ENIUUNIATEIUUDY 140 kVp 71 100 mAs waz 600 mAs @ mFuynAn Relative

electron density (RED) luusaz Tissue equivalent

Tissue Equivalent RED 100 mAs 600 mAs HU + 0100.600
HU +0 HU + 0
LN-300 Lung 0.286 -711.79 2.16 -711.98 1.11 0.19 1.86
LN-450 Lung 0.409 -563.32 2.53 -561.92 1.14 -1.40 2.26
Adipose 0.926 -87.31 1.46 -87.80 0.57 0.49 1.34
Breast 0.962 -44.88 1.36 -47.18 0.59 2.31 1.22
Water 1.000 4.89 7.04 -5.15 11.44 10.04 9.02
Solid Water 1.020 0.69 1.77 0.71 1.78 -0.02 0.21
Brain 1.048 24.26 1.48 23.80 1.64 0.47 0.70
Liver 1.058 69.31 2.29 67.41 1.48 1.91 1.75
Inner Bone 1.098 201.94 0.46 204.52 1.42 -2.58 1.34
Bone Mineral 1.111 219.49 2.80 218.05 1.66 1.44 2.25
CB2-30% 1.280 438.61 2.52 435.36 1.38 3.26 2.10
CB2-50% 1.470 788.89 1.66 791.34 1.07 -2.45 1.27
Cortical Bone 1.695 1208.09 7.03 1204.30 3.88 3.79 5.86
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