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Three-Dimensional Volume Assessment Accuracy in
Computed Tomography Using a Phantom
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Abstract : The purpose of this study was to assess the effects of reconstruction kernel, and slice thickness on the
accuracy of spiral CT-based volume assessment over a range of object sizes typical of synthetic simulated tumor. Spiral
CT scanning was performed at various reconstruction kernels (soft tissue, standard, bone), and slice thickness (1, 2,
3 mm) using a phantom made of gelatin and 10 synthetic simulated tumors of different sizes (diameter 3.0-12.0 mm).
Three-dimensional volume assessments were obtained using an automated software tool. Results were compared with
the reference volume by calculating the percentage error. Statistical analysis was performed using ANOVA and setting
statistical significance at P < 0.05. In general, smaller slice thickness and larger sphere diameters produced more accurate
volume assessment than larger slice thickness and smaller sphere diameter. The measured volumes were larger than
the actual volumes by a common factor depending on slice thickness; in 100HU simulated tumors that had statistically
significant, 1 mm slice thickness produced on average 27.41%, 2 mm slice thickness produced 45.61%, 3 mm slice
thickness produced 93.36% overestimates of volume. However, there was no statistically significant difference in volume
error for spiral CT scans taken with techniques where only reconstruction kernel was changed. These results supported
that synthetic simulated tumor size, slice thickness were significant parameters in determining volume measurement
errors. For an accurate volumetric measurement of an object, it is critical to select an appropriate slice thickness and

to consider the size of an object.

Key words : slice thickness, three dimensional volume, CT, synthetic simulated tumor.
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Fig 1. CT scan of phantom. Two-dimensional (2D) axial slice
through phantom demonstrating synthetic simulated tumors
embedded in gelatin. Image was taken from 100 HU synthetic
simulated tumors at 1 mm slice thickness.
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Table 1. A comparison of percent error according to different diameters of simulated tumors (n=9)

3 mm 5 mm 8 mm 10 mm 12 mm
HU 100 136.38 = 30.59* 50.03 + 8.73* 32.90 £ 6.20° 31.77 £5.22° 2620 +4.77
HU -800 490.99 + 97.56 * 219.60 £30.45* 112.83 £13.25* 88.11+11.22* 79.12 £22.86°

AaThere is statistical significance between A and a within rows (p < 0.05). All data represent mean + SE

Table 2. A comparison of percent error according to different
kernels (n = 15)

Soft tissue Standard kernel Bone kernel
kernel
HU 100 69.56+ 14.64 46.62+17.55 50.19+14.05
HU -800 177.35+33.55 211.59+56.02 205.45+ 68.45

All data represent mean + SE.

Table 3. A comparison of percent error according to different
slice thickness (n = 15)

I mm slice 2 mm slice 3 mm slice

thickness thickness thickness
HU 100 2741 +6.88° 45.61+896 9336+21.17°
HU -800 106.52+21.90 224.10 £+ 53.92 263.76 + 68.22

AThere is statistical significance between A and a within rows
(p <0.05). All data represent mean + SE
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Fig 2. The effect of slice thickness on percent error at soft
tissue kernel. At each slice thickness, percent error increased
consistently with a decrease in nodule size.
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Fig 3. The effect of slice thickness on percent error at standard
kernel. At each slice thickness, percent error increased con-
sistently with a decrease in nodule size.
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Fig 4. The effect of slice thickness on percent error at bone
kernel. At each slice thickness, except for 10 mm nodule at slice
thickness of 2 mm, percent error increased consistently with a
decrease in nodule size.
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