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Fig. 1. Spleen phantom and liver
phantom, CT images were ac-
quired with these phantom in
water-environmental box phan-
tom.

Fig. 2. Graphic user interface
(GUI) of proposed algorithm for
real patient’s CT images. (a)
Implemented GUI based on
MATLAB 7.1 software (b) spleen
area segmented on a coronal CT
image (boundary of spleen was
lined with white color). (c) 3D
visualization of segmented spleen
images.
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Fig. 4. Image processing procedure for segmentation of spleen phantom. (a) Original CT image of a slice, (b) binary image after
thersholding method, (c) final segmentation image through 3D region growing method, (d) image histogram of (a) image.
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Fig. 5. Image processing procedure for segmentation of liver
phantom. (a) Original CT image of a slice, (b) binary image
after thersholding method, (c) final segmentation image through
3D region growing method.
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Fig. 6. Usage of seed tracking through CT slices. The center of
segmented region of (n-1)th CT slice is used as seed on (n)th
CT slice.
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Table 1. Weight, volume, effective density of phantom for
spleen, liver of pig.

Weight (g) Volume (ml) Effective density (g/ml)
Spleen 194 190 1.021
Liver 1,760 1,702 1.034

Table 2. Results of volume calculation algorithm based on threshold values (T1, T2).

Spleen Liver
Tl ; 2 Difference with measurement Difference with measurement
(Lower HU) (Higher HU) V (ml) (190 mi) V (ml) (1702 mi)
15 70 307.906 62.06% 1,797.219 5.59%
16 70 203.135 6.91% 1,704.973 0.17%
17 70 190.377 0.20% 1,668.261 —1.98%
18 70 183.508 —3.42% 1,644.902 —3.35%
19 70 180.394 —5.06% 1,628.26 —4.33%
20 70 178.192 —6.21% 1,614.731 —5.13%
Automatic HU 172.384 —9.27% 1,625.12 —4.52%
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Fig. 8. 3D visualization of seg-
mentation results. (a) Spleen phan-
tom, (b) liver phantom.
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Fig. 9. CT images, HU histogram of spleen and liver animal phantom. (a) Spleen CT image of phantom, (b) HU histogram of (a),

(c) CT images of liver phantom. (d) HU histogram of (c) image.
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Evaluation of Automatic Image Segmentation for 3D Volume
Measurement of Liver and Spleen Based on 3D Region-growing
Algorithm using Animal Phantom

Jin Sung Kim*, June-Sik Cho', Kyung-Sook Shin', Jin-Hwan Kim™, Hosang Jeon™, Gyuseong Cho'

*Proton Therapy Center, National Cancer Center, TDepartment of Radiology, Chungnam University
College of Medicine, TNuclear & Quantum Engineering, KAIST

Living donor liver transplantation is increasingly performed as an alternative to cadaveric transplantation.
Preoperative screening of the donor candidates is very important. The quality, size, and vascular and biliary
anatomy of the liver are best assessed with magnetic resonance (MR) imaging or computed tomography (CT).
In particular, the volume of the potential graft must be measured to ensure sufficient liver function after surgery.
Preoperative liver segmentation has proved useful for measuring the graft volume before living donor liver
transplantations in previous studies. In these studies, the liver segments were manually delineated on each image
section. The delineated areas were multiplied by the section thickness to obtain volumes and summed to obtain
the total volume of the liver segments. This process is tedious and time consuming. To compensate for this
problem, automatic segmentation techniques have been proposed with multiplanar CT images. These methods
involve the use of sequences of thresholding, morphologic operations (ie, mathematic operations, such as image
dilation, erosion, opening, and closing, that are based on shape), and 3D region growing methods. These
techniques are complex but require a few computation times. We made a phantom for volume measurement
with pig and evaluated actual volume of spleen and liver of phantom. The results represent that our semiautomatic
volume measurement algorithm shows a good accuracy and repeatability with actual volume of phantom and
possibility for clinical use to assist physician as a measuring tool.

Key Words: Liver segmentation, Volume measurement, Phantom, Computed aided detection
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