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Patient-Specific Modeling Based on the X-ray CT Images
(New Meshing Algorithm Considering Bony Shape and Density)
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Norio INOU and Koutarou MAKI

** Graduate School of Science and Engineering, Tokyo Institute of Technology,
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This study deals with a patient-specific modeling method that generates a finite element model
based on the X-ray CT images. The basic idea of our modeling method is to express an objective
shape with small tetrahedral elements. This paper proposes a new meshing algorithm that controls
element size according to shape or density information extracted from the CT images. For the
automated modeling, we introduce “form factor” that indicates degree of complexity of the objective
shape. The factor at a remarking point is easily oblained by a simple calculation using a local
inspection region around the point. The new method produces a finite element model with variable
mesh size. To validate the method, we discuss following three issues : proper volume of the inspec-
tion region for precise modeling, accuracy verification of stress analysis, and required working time
for modeling and analysis. The computational results by the proposed method shows good analytical
precision with a smaller FE model.

Key Words: Biomechanics, Computational Mechanics, Finite Element Method, Patient-Specific
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Fig. 1 Inspection region to compute form factor.
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Fig. 2 Examples of partial shape around a

remarking voxel.
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Fig. 3 Distribution of the form factor in a given

shape.
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(a) CT image of a human mandible  (b) Finite element meshes referring to
the distribution of the bone densities.

Fig. 4 Controlling mesh size based on bone

densities.
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Fig. 5 Patient specific models of a human

mandible.
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(a) Form factor: 100%
Bone density: 0%

(b) Form factor: 50%
Bone density: 50%

(c) Form factor: 0%
Bone density: 100%

Fig. 6 Comparison of the meshing result considering two parameters: the form factor and

distribution of bone density .
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(b) Case of a skull.
Fig. 7 Histograms of the form factor.
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(a) The case of n = 13.

(b) The case of n = 31.
Fig. 8 Patient specific models of a human skull.
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Fig. 9 Boundary condition for stress analysis of a

rectangular plate with a circular hole.

Table 2 Results of stress analyses of plate models.
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Element | Number | -equivalent
size ratio || of nodes | stress [MPa] | Error [%)]
1 88,359 0.202 20.2
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3 88,238 0.219 134
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15 84,114 0.249 1.58
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(a) Element size ratio = 1 (b) Element size ratio = 10

Fig. 10 FE models of a pin hole plate.
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Fig. 11 Boundary condition for stress analysis of the

pig’s femur.
Table 3 Comparison between three models:
(A) voxel model, (B) uniformed mesh model
and (C) controlled mesh model.
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Equivalent stress [kPa]
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(A) Voxel model.

(B) Uniform mesh model.

(C) Controlled mesh model.

Fig. 12 Finite element models and the stress

distributions.

BB SO O RIEERE b B O — LES
v DF Y, BEFIEEAVBEGERET VLEED
OENEELSIFRTRATD) ZEBWRETH D EEXD.

5. %%

AR T, SMBMRITE L TERY A A&
HEEINETY S FIERRE L. AFEIETY
VB O A B AREE CHELE SRR T
WL TEEYA XEHHT 2D THY, RS
TR BEERR CEROERE DY TEETHZ
EMFRETH D LV IHIFREF LTV D, KFIEDOH
R REET B0, T, BREFEELT OB
REEBORE SNERSENCGZDEEIIHOVTE
NOTHEBLIONEBD CT F—F %AW TELELL.
Wiz, MIMROERERET L ZER L, IG/MEITRS

il

REFRARL B LT, BB, 7TFRBEOHERE
ROV TREFREGOIBEDOET U v 7/ Fik
TEFMLEIT, £F U 7 LSRN E T D8
Mzt L7z, RET2FHEE, DRVERBCHEME
IR E ERIZET LT 5 Z ERFRETHY, =
ERIGTRNEITTEL L 2R LI,

X [

(1) J. H. Keyak, et al., Automated three-dimensional finite
element modelling of bone: a new method, Journal of
Biomedical Engineering, 12, (1990), 389-397

(2) B. van Rietbergen, et al., A new method to determine
trabecular bone elastic properties and loading using
micromechanical finite-element models, Journal of
Biomechanics, 28-1, (1995), 69-81

(3) T. Yamada, et al., Large scale volume based analysis of
bone microstructure on PC cluster, Fifth World Congress
on Computational Mechanics, (2002), On-line publica-
tion (ISBN 3-9501554-0-6), http://wccm.tuwien.ac.at

(4) N. Yoshikawa, et al., Research Trend of Image-Based
Biomechanical Simulation (In Japanese), Transactions of
the Japan Society of Mechanical Engineers, Series A, 70~
697, (2004), 1157-1162

(5) R. Matsushita, et al., Development of Computed Bone
Dynamics Simulator Based on Full-Automated Mesh
Generator (In Japanese), Journal of Shiga University of
Medical Science, 15, (2000), 7-13

(6) H. Kanazawa, et al., A study of Vertebral Fracture
Risk Estimation in Osteoporosis by Image-Based
Finite-Element (In Japanese), Proceedings of the 15th
Bioengineering Conference, 02-35, (2003), 393-394

(7) N. Inou, et al., An Automated Modeling Method of a
Bone Based on the X-ray CT Data (Generation of a
Finite Element Model by Use of Delaunay Triangulation)
(In Japanese), Transactions of the Japan Society of
Mechanical Engineers, Series C, 68-669, (2002), 1481-
1486

(8) M. Koseki, et al., Individual Finite Element Model Based
on the X-ray CT Data (Automatic extraction of modeling
object space) (In Japanese), Proceedings of the 17th
Bioengineering Conference, 04-48, (2005), 135-136

(9) N. Inou, et al, Individual Modeling Method Based on
the X-ray CT Images (Influence of Partial Volume Effect
on the Modeling) (In Japanese), Transactions of the
Japan Society of Mechanical Engineers, Series A, 69—
677, (2003), 109-114

(10) M. Koseki, et al.,, Individual Modeling Method Based
on the X-ray CT Images (The Correction Method
of CT Values Influenced by Partial Volume Effect)
(In Japanese), Transactions of the Japan Society of
Mechanical Engineers, Series A, T0-697, (2004), 1170~
1177

(11) M. Koseki, et al, Estimation of Muscular Forces
for Patient Specific Analysis of the Human Mandible
(In Japanese), Proceedings of the 17th Computational
Mechanics Conference, 04-40, (2004), 61-62

(12) S. Yamazaki, et al., Integrated Volume-CAD Sys-
tem  Research,  http://www.riken.go.jp/lab-www/V-
CAD /kokai/No200204. pdf

(13) R.C.J.Howland, On the Stresses in the Neighborhood of
a Circular Hole in a Strip under Tension, Philosophical
transactions of the Royal Society of London, Series A,
229, (1930), 48-86

NI | -El ectronic Library Service



