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Patient-Specific Modeling Based on the X-ray CT Images
(New meshing algorithm considering bony shape and density)

Michihiko KOSEKI**, Masaya JONISHI, Norio INOU and Koutarou MAKI

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

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 obtained 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 inspection
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 Model, X-ray CT, Mandible, Skull.

1. O O

0000000000000000000XO CT
OMRIOOODOOOOOOOOOOOOOOOOOO
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
DooW'®popoppooooooooooo0oO0noo
000000000000000000000000
DooooooooooooYoooooooooo
000000000000000000000000
000000000000000000000000
000000000000000000000000

* 001010210 0155000000000000
oooooooooooooo oD 1r0 7060,
1 00,000000000000000 (O 152-8552
0Dooo0oooo 2-12-1).

2 000000000000000 [0O00000 NTT
oool.

*3 0000000 (0 145-0062000000000 2-1-1).
Email: koseki@mech.titech.ac.jp

00000000000 0000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000
00000000000000000000000
000000000000000000000000
Doooooooooooooo®oooooooo
(MECHANICAL FINDERO O OOO0O000DOO0)
Doooooooooooo®oooooooooon
0000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
ooooooooooo0O00oO0oOOO0onono
000000000000000000000000
000000000000 CTOOO0O0OO0O0000



000000000000000000000000
000000000000000000000000
ooooooooooooo®oocToooOOo
ooooooooooooo®Wgooooooon
Dooooooooooo®™oooooooooo
000000000000000000000 CTO
000000000000000000000000
000000000000000000000000
0oooooo
ooooooPoooooo0oO0OoOOO0O0onoon
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000 CTOOOOO0000O0OO0O000
000000000000000000000000
00000000000000000 (000000
000)00000000000000000000
00000000000 0000000000000
000000000000000000000000
000000000000000000

2. 0000000000

ooooooooooo®ooooooooooo
000000000000000000000000
000000000000000000000000
000000000000000000000000
0o000000O0O0O0OooOn

21 000000O0OO0O00OOOO0OOOOOO
000000000000000000000000
004000000000000000

Stepl. OO0OO0OO0OOOOOOODOOOOOO
oobooooooooboooooooboooon
oono

Step 2. 00000000 ODOOOOODOOOO

Step 3. 0 20000000000000000OO
oboobobooooobooooooboooogon

Step 4. OOOODOOOOOO

obboooboooooooooooooboooooo
oobOoobooooboooboooboooobooooon

W Remarking voxel
[ Subsistent voxel

Fig. 1 Inspection region to compute form factor.
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Fig. 2 Examples of partial shape around a

remarking voxel.

Table 1  Relationship between the number of subsis-

tent voxels N and the form factor Féi).
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Fig. 3 Distribution of the form factor in a given

shape.
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B
(a) CT image of ahuman 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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Uniformed mesh
Nodal points: 10,646
Elements: 53,083

Controlled mesh
Nodal points: 9,962
Elements: 44,529

(b)

Patient specific models of a human
mandible.
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(a) Form factor: 100%
Bonedensity: 0%

(b) Form factor: 50%
Bone density: 50%
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(c) Formfactor: 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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(a) Case of a mandible.
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(b) Case of a skull.
Fig. 7 Histograms of the form factor.
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(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.

Maximum
Element || Number | equivalent
size ratio || of nodes | stress [MPa] | Error [%]
1 88,359 0.202 20.2
2 88,726 0.213 15.8
3 88,238 0.219 134
5 89,032 0.231 8.70
7 86,850 0.263 3.95
10 82,400 0.243 3.95
15 84,114 0.249 1.58
30 91,382 0.290 14.6
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(a) Element sizeratio=1 (b) Element sizeratio = 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: O 0O O
(A) voxel model, (B) uniformed mesh model
and (C) controlled mesh model.

| [ & | ®» | © |

# of nodes 238,675 | 570,956 | 67,879

# of elements 258,724 | 416,852 | 43,776

Modeling time 50s 3h24m02s | 8m06s

Analysis time 28mlls 31m42s 1m34s

Total time 29m01s | 3hH5m44s | 9m40s
Max stress [kPa] | 6333 | 5828 | 6795 |
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Equivalent stress [kPa)
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(C) Controlled mesh model.

Fig. 12 Finite element models and the stress

distributions.
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