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The elastic and plastic behaviour of the micro-FE models for vertebral trabecular bones
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ABSTRACT

In this study, the micro-FE analyses were carried out for the plastic behaviour of vertebral trabecular bones. Many
researchers have investigated the elastic behaviour of trabecular bones by using the micro-finite element models based on the
micro-CT images. However, there was no micro-FE model to account for the plastic behaviour of trabecular bones. Ulrich et
al. reported that best results at coarser model were obtained when using 'compensated hexahedron models’ with the same
relative density. This study indicates that, for the elastic and plastic analysis, 'the compensated hexahedron FE model' is likely
to be limited to about 63um image resolution in the vertebra trabecular bones.
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Fig. 1(b) Bone cylinders from vertebral bone

2.2 AJEQ 3Xigl nEHY
HE gdd AlHE um 992 2 239

s}

Z
s J5EA e ula A wEr)d
(Micro-CT)& AMg3ted o] Hzto] =& 2 24

e G Az
o gol #dsioieh,

:21.3pum X 21.3um)S Fig. 2(a)

2.2.1 3D image 7%
Fig. 20)E 23 AWE AJH 2 24 ouA &
54 24F AMgste] FAHE 3 24 olnlA

ojct.

=

(a) 2D image (Micro-CT)
Fig. 2

(b) 3D image (voxel)
Images of vertebral trabecular bone specimen
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Fig. 3 3D Reconstruction model of the bone cube (side
length : 4mm)
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Table 1. Material property of vertebral trabecular bone
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Table 2. The relative bone volume of trabecular bone cube
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Fig. 4(a) Effective
behavior

Fig. 4(b) Effective stress distribution of the plastic
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Fig. 5 Curve of reaction force

Table 3(a) Results of the elastic behavior

Image size Reactjon force Displflcement
(a unit : MPa) (a unit : mm)
126pm 17.84 0.02
105um 23.28 0.02
84pum 23.77 0.02
63um 26.94 0.02
42um 28.58 0.02

Table 3(b) Results of the plastic behavior

Image size Reaction force Displacement
g (a unit : MPa) ( a unit ; mm)
126um 41.49 1.0SE-01 |
105um 57.70 1.06E-01
84um 59.75 9.30E-02
63pum 69.58 1.11E-01
[ 42um 75.41 | 1.09E-01
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Fig. 6 The elastic behavior (effective moduli versus voxel
size) and plastic behavior (effective yield stress versus

voxel size) of trabecular bone specimens
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