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Influence of four-dimensional CT scanning parameters and modes on CT values
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Abstract: Objective To study on the effect of four-dimensional CT (4DCT) scanning parameters and modes on CT values.
Methods With the same scanning condition, the mean value and stand deviation of CT values of tissue equivalent materials
in electron density phantom were measured. The influences of exposure time and rotation time on cine and axial scanning
modes were analyzed, and the differences among axial, helical, and cine scanning modes were compared. Results In cine
scanning mode, the differences of CT values were larger in CB2 50% (the bone with 50% calcium carbonate) and cortical
bone. When the rotation time was respectively 0.5 s/rot and 1.0 s/rot, the difference of CT values was respectively 14.7 HU
and 23.1 HU, both of which were less than 3.0%. In axial scanning mode, the differences of CT values were larger in
cortical bone. When the rotation time was respectively 0.5 s/rot and 4.0 s/rot, the difference of CT values was 27.1 HU, less
than 2.4%. When the same tissue was scanned under the same scanning condition, the difference between cine scanning
mode and axial scanning mode was negligible. When helical scanning mode was compared with axial scanning mode, the
difference of CT values was greater in the low density tissue, for instance, the relative density error was 4.3% and 2.3% in
expiratory lung and inspiratory lung respectively, and the difference of CT values in cortical bone was larger and reached to
46.0 HU, but the error of relative electronic density was just 1.6%. Conclusion The influence of rotation time and exposure
time on cine scanning and axial scanning is negligible. With the same scanning condition, no significant differences were
found among cine, axial, and helical scanning modes for the same tissue.
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Tab.1 Influence of rotation time and exposure time on CT value in cine scanning mode (Mean+SD)

Tissue equivalent Electron density

Influence of cine time/HU

Influence of rotation time/HU

materials relative to water 0.5 s/rot 0.8 s/rot 1.0 s/rot 0.5/0.8 0.5/1.0 0.8/1.0
Lung LN-300 0.28 -689.1+0.4 -684.7+1.0 -683.2+1.0 -4.4 5.9 -15
Lung LN-450 0.40 -529.3+15 -525.9+1.0 -526.0+0.7 -3.4 -3.3 0.1
Adipose 0.90 -86.2+2.9 -87.4+1.0 -88.3£0.9 1.2 2.1 0.9
Breast 0.96 -42.4+1.0 -44.7+1.7 -42.6+0.9 2.3 0.2 2.1
Solid water 0.99 -3.1#0.4 -3.740.8 -4.2+0.8 06 1.1 05
True water 1.00 5.4+2.0 0.6+1.4 2.421.0 47 3.0 1.7
Brain 1.05 27.6+0.9 26.9+1.6 26.4+1.9 0.7 1.2 05
Liver 1.07 92.2+0.6 89.2+1.1 89.2+0.7 3.0 3.0 0.0
Inner bone 1.09 2275421 226.8+0.8 226.3+1.0 07 1.2 05
Bone B-200 1.11 225.9+2.9 222.0+1.9 222.5+1.0 3.9 3.4 0.5
CB2 30% 1.28 427.621.2 4215+0.6 421.4%2.0 6.1 6.2 0.1
CB250% 1.47 790.9+0.2 776.1+0.9 776.2+2.4 14.8 14.7" -0.1
Cortical bone 1.69 1175.7+1.8 1154.440.7 1152.6+2.1 213 23.1° 1.8

The influence of exposure time on CT values was based on the mean value and standard deviation of four different parameters of exposure time. The

influence of rotation time on CT values was based on the difference value in pairwise comparison. The 0.5/0.8 represented HUos yo-HUo g . * Was

comparing 0.5 s/rot with 1.0 s/rot. For CB2 50% and cortical bone, the difference of CT values was only 14.7 HU and 23.1 HU respectively.
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Fig.2 Influence of rotation time on axial scanning mode
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Tab.2 Comparison of cine, axial and helical scanning modes under the same scanning condition, with average rotation time of 0.8 s/rot

Tissue Cine Helical

. Electron . . .
equivalent density Axial/HU  Cine/HU  Helical/lHU  calculated Relative density Calculated Relative density
materials electron density error/% electron density error/%
Lung LN-300 0.28 -686.4 -684.7 -702.2 0.281 0.36 0.268 -4.29
Lung LN-450 0.40 -526.2 -525.9 -538.8 0.400 0.08 0.391 -2.25
Adipose 0.90 -84.9 -87.4 -90.0 0.897 -0.33 0.894 -0.67
Breast 0.96 -42.6 -44.7 -42.9 0.957 -0.31 0.959 -0.04
Solid water 0.99 -6.2 -3.7 5.1 0.994 0.40 0.992 0.20
True water 1.00 0.5 0.7 0.4 1.001 0.04 1.000 0.00
Brain 1.05 25.8 26.9 25.6 1.050 0.03 1.049 -0.04
Liver 1.07 89.5 89.2 91.0 1.070 0.00 1.070 0.00
Inner bone 1.09 226.5 226.8 228.9 1.090 0.03 1.092 0.22
Bone B-200 1.11 223.8 222.0 226.4 1.110 -0.05 1.091 -1.74
CB2 30% 1.28 419.7 421.5 430.1 1.281 0.07 1.286 0.43
CB2 50% 147 780.2 776.1 797.5 1.468 -0.15 1.480 0.69
Cortical bone 1.69 1152.3 1154.4 1198.3 1.691 0.07 1.717 1.61

Relative density error = (calculated electron density-electron density a)/ electron densitya.x100%
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