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Individual Modeling Method Based on the X-ray CT Images
{ In®uence of partial volume e®ect on the modeling {

Norio INOU®, Michihiko KOSEKI and Koutarou MAKI

"3 Graduate School of Science and Engineering, Tokyo Institute of Technology,
2-12-1, O-okayama, Meguro-ku, Tokyo, 152-8552 Japan

Reliable stress analysis of a bone requires not only precision in shape of the nite
element model but also proper setting of material constants for the model. This paper
deals with estimation of Young's modulus to the “nite elements based on the X-ray
CT data. At rst, partial volume e®ect on the modeling was discussed by analytical
and experimental ways using acrylic cylindrical specimen. Second, a simple correction
method which transforms the CT value around border of the object was proposed. In
this correction method, CT value larger than the threshold value was pulled up to the
target CT value. To con rm validity of the proposed correction method, a load test and
stress analyses using a dry mandible were performed. Analytical displacement between
condyles and maximum principal strains were well coincided with these of experiments.

Key Words : Biomechanics, Computational Mechanics, Finite Element Method,
Individual Modeling, X-ray CT, Partial Volume E®ect, Human Mandible
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Fig. 1 Partial volume e®ect

Fig. 2 Acrylic cylindrical specimen with a pedestal

Table 1 Experimental parameters
material of the specimen acrylic resin

diameter of the specimen 50 [mm]
0 and 60 [degrees]
180 / 512 [mm/pixel]

slice directions
resolution of the image

slice thickness 2 [mm]
number of slices 20
0° 4pixel 60 °
12Pixel
4mm
3t2
CT X



(a) Slice direction=10°
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(b) Slice direction = 60°

Fig. 3 CT images of the specimen and the CT
values along the white line
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Fig. 4 A schematic diagram for calculation of
partial volume e®ect
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(b) Corrected data

Fig. 7 Transformation of CT values in Fig.3(b) by
the proposed corrected function
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Fig. 8 Distribution of the Young's modulus of the
“nite element model
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Number of elements: 101,214
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Fig. 11 Distribution of Young's modulus

Table 2 Comparison of °exture

Experiment | 0.719 mm
FEM (a) 3.044 mm
FEM (b) 1.270 mm

Table 3 Comparison of maximum principal strain

Maximum principal strain (£0:001)

A B C D
Experiment | 0.0834 | 0.0736 | 0.156 | 0.198
FEM (a) | 04261 | 0.4887 | 0.4478 | 0.5621
FEM (b) | 0.1510 | 0.2105 | 0.1482 | 0.1950
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