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Finite element modeling of the mandible using voxel mesh method

E. T. Lee(Mech. Eng. Dept. KHU), T. Y. Oh{Mech. Eng. Dept., HKU), C.H. Byun(Mech. Eng. Dept. KHU),
B. K. Lee(CANTIbio Inc.) Y. S. Yu(CANTIbio Inc.)

ABSTRACT

Knowledge of the complex biomechanical behavior of the human mandible is of great importance in various
clinical situations. Various approaches can be used to evaluate the physical behavior of bone. In this study, we
developed the voxel mesh program(Bionix) and generated FE models of mandible using Bionix and using hand-
made work and compared them with free vibration results derived from finite element analysis(FEA). The data
of FE models based on DICOM File exported from Computed tomography(CT). Comparing the two models, we
found a good correlation about mode type and natural frequency. The voxel based finite element mesh is a
valid and accurate method to predict parameters of the complex biomechanical behavior of human mandibles.
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Table 1. The number of element in the Model 1

Trabecular | Cortical Total
Tetra element 32 192 224
Penta element 772 3,194 3,936
Hexa element 7,488 17,310 24,798
Total 8292 20,666 38,958
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(a) hand-made model
Fig. | The Finite element model of the mandible

(b) voxel model
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Fig. 2 Flowchart of 3D FE mesh generate processor

Table 2 Material properties of Model 1

Elastic Poisson’s Density
Component .
Modulus(¥a) ratio [g/cm]
Cortical 13700 0.3 1.8
Trabecular 7930 0.3 1.14
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Table 3. Natural Frequency and Mode type of
Model 1 and Model 2

Model 1 Model 2 Mode
Mode
(Hz) (fiz) type
100.9 140.6 C
2 356.8 4222 M
»r 3 557.6 639.7 T
4 732.3 978.9 M
5 1,258.0 1429 0 C
6 1,320.0 1687.0 [
1,857.0 19990 T
1,880.0 2143.0 T
9 2.595.0 2982 .0 T
10 2,693.0 3112 .0 T

*(Cicoronal mode, M:median mode. T:tranverse mode
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(c) Mode 3 (d) Mode 4
Fig. 3 The mode shapes of mandible using hand-made
work

(a) Mode 1 (b) Mode 2

(c) Mode 3 (d) Mode 4
Fig. 4 The mode shapes of the mandible using the voxel

mesh method
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