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Individual Modeling Method Based on the X-ray CT Images
(The Correction Method of CT Values Influenced by Partial Volume Effect)
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Individual stress analysis of a bone based on X-ray CT data provides useful information for
diagnoses and medical treatments. Many studies on the stress analyses have been reported, however
little attention has given to partial volume effect in the CT data. The partial volume effect may cause
lower reliability in the analytical results because CT values on a bony part are changed by the effect.
This paper proposes a method to correct CT values influenced by the partial volume effect. The
correction method transforms CT values using a regression curve of an exponential function. The
validity of the proposed method is confirmed by use of CT images of femurs of a pig and human
mandibles.
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Fig. 1 Correction method of CT values.

(c) Vertical scan

(a) Original image (b) Horizontal scan

Fig. 2 Correction by single scanning direction.
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Table 1 Experimental parameters.

material of the specimen acrylic resin

50 [mm]

diameter of the specimen

scanning angle
. g. & . 30 [degrees]
to a cylindrical axis

resolution of the image | 180/512 [mm/pixel]

slice thickness 2 [mm]
number of slices 20
CT image of the cylinder
(Original image)
400
200 -
m
L 20)- e
© Vih
-600 —
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(a) Raw data (b) Corrected data using  (c) Corrected data using

the previous method the present method

Fig. 3 CT images of the specimen and the CT

values along the white lines.
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(a) Perpendicular cutting plane (b) Inclined cutting plane
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Fig. 4 Cutting planes of the pig’s femurs.
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Fig. 5 Original CT images of the pig’s femurs.
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Fig. 6 Corrected images of the pig’s femurs.

Table 2 Comparison of thickness of the cortical bone

[mm].

Measured position

Slice thickness (A) (B) (C) (D)
1 [mm] 3.68 4.99 | 4.28 | 9.63
2 [mm] 392 | 499 | 4.28 | 9.63
5 [mm] 3.92 | 4.99 | 4.16 | 9.03
10 [mm] 3.33 | 499 | 3.92 | 9.03

| Actual thickness | 3.65 | 5.45 | 4.60 | 955 |
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calculated by original CT values

(b) Distribution of Young’s modulus
calculated by corrected CT values

Fig. 7 Distributions of Young’s modulus of the dry

mandible.
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Fig. 8 A histogram of Young’s modulus of the dry

mandible.
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(a) Distribution of Young’s modulus
calculated by original CT values

(b) Distribution of Young’s modulus
calculated by corrected CT values

Fig. 9 Distributions of Young’s modulus of the

living mandible.
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Difference between dry bone and living bone

in the influence of the partial volume effect.
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