[#4%+] (Journal of the Society of Materials Science, Japan), Vol. 55, No. 9, pp. 874-880, Sep. 2006

X

WREOBEREIL T ra Y — k782 4 N SLEC A %
FE L7V ILF 2 — L R

moH e WY om Bom| BT
CLENE OO SN EC R B D A

Multi-Scale Stress Analysis of Trabecular Bone Considering Trabeculae
Morphology and Biological Apatite Crystallite Orientation

Mitsuhiro Kawacar *, Naoki Takano **, Takayoshi Nakano “** and Mitsuteru Asar

sfskok ok

This paper presents the multi-scale stress analysis of trabecular bone by the homogenization method bridging
nano-micro-macro scales. Three-dimensional microstructure of trabeculae is obtained by the X-ray CT and the image-
based modeling technique. Biological apatite (BAp) crystallite orientation is considered in the microstructure model
by means of the anisotropic mechanical properties. The c-axis of BAp is set up as the maximum principal stress direc-
tion under the long term macroscopic stress condition. These properties are automatically assigned to each voxel ele-
ment. To determine appropriately the microstructure model, the trabeculae morphology is analyzed and quantified as
the trabecular density distribution. The proposed method is applied to pig’s femur. It was revealed by the morpholo-
gy analysis and homogenized macroscopic properties that the trabecular bone has plate-like characteristics. The pre-
dicted anisotropic level of the macroscopic properties was quantitatively coincident with the measured value by the X-ray

diffraction analysis.
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Fig. 1 Multi-scale modeling for stress analysis.
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Fig. 2 Multi-scales in bone.
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Fig. 3 Morphology analysis.
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Table 1 Young’s moduli calculated by homogenization method.

E, E E,

¥

Young's moduli (MPa) 1243 382 3202

Table 2 Poisson’s ratio calculated by homogenization method.

Vyz Vo Vi

Poisson's ratio 0.08 0.31 0.47

Table 3 Shear moduli calculated by homogenization method.

Gyz sz ny

Shear moduli (MPa) 396 691 256
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Fig. 12 Predicted macroscopic properties.
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