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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)

Michihiko KOSEKI**, Yusuke KITAGAWA, Norio INOU and Koutarou MAKI

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

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.
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(a) Original image (b) Horizontal scan  (c) Vertical scan

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

acrylic resin
50 [mm]

material of the specimen

diameter of the specimen

3 3 1
bcanr%mg ‘ang e ' 30 [degrees]
to a cylindrical axis

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

slice thickness 2 [mm]
number of slices 20
Hmage of the cylinder

<= (Original image)
0

40

. T

CT value

Vth

-
-1000 o’
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(a) Raw data (b) Corrected datausing  (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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(c) Scanned planes

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) () (D)
1 [mm] 368 | 4.99 | 4.28 | 9.63
2 [mm] 3.92 | 499 | 428 | 9.63
5 [mm] 3.92 | 499 | 4.16 | 9.03
10 [mm] 3.33 | 499 | 392 | 9.03

‘Actual thickness H 3.65 ‘ 5.45 ‘ 4.60 ‘ 9.55 ‘
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(a) Distribution of Y oung’'s modulus
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 Y oung’s modulus
calculated by corrected CT values

Fig. 9 Distributions of Young’s modulus of the

living mandible.
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Fig. 10 A histogram of Young’s modulus of the
living mandible.

CT Vaue
Cortical bone
P +1500 CroIITToes
Tk | Foi
tl +1000 Y
i Soft tissue ¥
0 i
Air
-------- it -1000
(a) Dry bone | (b) Living bone
Fig. 11 Difference between dry bone and living bone

in the influence of the partial volume effect.

4. O U

Ooooooooooooooo croooooo
gboboobooboboobaoboboooooban
goboobooboooboobooobooooooaoo
ooOooooooOooOoOoooOooooooooo T
gbobooboboobooboboooabooon

0000000000000 00000000000
0000000000000 00000000000
0000000000
0000000000000000000000CT
0000000000000 00000000000
000000000000 Catee 0000 MO0O0O
000000000000000000000000
0oooooo®™EOggpooooooooon
00000000 20300000000000000
0000 CTO0O0OD0OO00O0OO00D0OO0O0OO0OO0O0O0OO
000000000000000 CTOOOOO0OO
0oooooooooo
000000000000000000000CTO
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000

O O

(1) Hart, R. T., Hennebel, V. V., Thongpreda, N., Buskirk,
W. C. and Anderson, R. C., Modeling the Biomechanics
of the Mandible (A Three-Dimensional Finite Element
Study), Journal of Biomechanics, 25, (1992), 287-295

(2) Miiller, R. and Riiegsegger, P., Three-dimensional finite
element modelling of non-invasively assessed trabecular
bone structures, Medical Engineering & Physics, 17,
(1995), 126-133

(3) Merz, B., Lengsfeld, M., Miller, R., Kaminsky,
J., Riiegsegger, P. and Niederer, P., Automated
Generation of 3D FE-Models of the Human Femur —
Comparison of Methods and Results, Computer Methods
in Biomechanics & Biomedical Engineering, (1996), 125—
134

(4) Keyak, J. H., Meagher, J. M., Skinner, H. B. and Mote,
Jr., C. D., Automated three-dimensional finite element
modelling of bone: a new method, Journal of Biomedical
Engineering, 12, (1990), 389-397

(5) Keyak, J. H., Fourkas, M. G., Meagher, J. M. and
Skinner, H. B., Validation of an automated method
of three-dimensional finite element modelling of bone,
Journal of Biomedical Engineering, 15, (1993), 505-509

(6) Inou, N, Iioka, Y., Ujihashi, S. and Maki, K., Functional
Adaptation Observed in the Human Vertebra and the
Mechanical Analysis, Proceedings of 4th China-Japan-
USA-Singapore Conference on Biomechanics, (1995),
345-348

(7 00D0D000DO0O0D0DO0O0D0000,X0 CTOO00O
000000000000000 (000000000000
0000000000), 000000000 CO, 68-669,
(2002), 1481-1486

(8) Imou, N., Koseki, M. and Maki, K., Individual
Stress Analysis of the Human Mandible Under a
Biting Condition, Switzerland-Japan Workshop ”New
Directions in Cellular and Tissue Biomechanics”, (2001),
125

(9) Imou, N., Koseki, M. and Maki, K., Individual
Stress Analysis of the Human Mandible Under Biting

Conditions, IV  World Congress of Biomechanics
Proceedings CD, (2002), CD-ROM



(10) Koseki, M., Inou, N. and Maki, K., Development of
the Total Diagnostic System for Masticatory Functions,
International Congress on Biological and Medical
Engineering, Programme & Abstract Handbook, (2002),
83

(11) Keyak, J. H., Rossi, S. A., Jones, K. A. and Skinner, H.
B., Prediction of femoral fracture load using automated
finite element modeling, Journal of Biomechanics, 31,
(1998), 125-133

(12) Rousset, O. G., Deep, P., Kuwabara, H., Evans, A. C.,
Gjedde, A. H. and Cumming, P., Effect of Partial Volume
Correction on Estimates of the Influx and Cerebral
Metabolism of 6-[18F]fluoro-L-dopa Studied with PET
in Normal Control and Parkinson’s Disease Subjects,
Synapse, 37, (2000), 81-89

(13) 00000000000000,X0 CTO0000000
00000000000000000 (0000000000
000000), 000000000 A0, 69-677, (2003),
109-114

(14) Carter, D. R. and Hayes, W. C., The Compressive
Behavior of Bone as a Two-Phase Porous Structure,
Journal of Bone and Joint Surgery, 59—A, (1977), 954—
962

(15) Keyak, J. H., Lee, I. Y. and Skinner, H. B., Correlations
between orthogonal mechanical properties and density of
trabecular bone: Use of different densitometric measures,
Journal of Biomedical Materials Research, 28, (1994),
1329-1336

(16) Keller, T. S., Predicting the Compressive Mechanical
Behavior of Bone, Journal of Biomechanics, 27-9,
(1994), 1159-1168

(17) Robertson, D. M. and Smith, D. C., Compressive
Strength of Mandibular Bone as a Function of Microstruc-

ture and Strain Rate, Journal of Biomechanics, 11,
(1978), 455-471

(18) Tamatsu, Y., Kaimoto, K., Arai, M. and Ide Y.,
Properties of the Elastic Modulus from Buccal Compact
Bone of Human Mandible, Bulletin of Tokyo Dental
College, 37-2, (1996), 93-101

(19) Lettry, S., Seedhom, B. B., Berry, E. and Cuppone, M.,
Quality assessment of the cortical bone of the human
mandible, Bone, 32, (2003), 35-44

(20) Inou, N., Jonishi, M., Koseki, M. and Maki, K.,
Individual Finite Element Model Based on the X-ray CT
Data (Automated meshing algorithm adjusting to bony
shape), Proceedings of the First Asian Pacific Conference
on Biomechanics, 04-203, (2004), 121-122




