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Approaches to evaluation of bone fracture risks considering bone quality from bone
remodeling simulation

TAWARA, DAISUKE

3,500,000

Changes in the mechanical properties of bone are closely related to trabecular
bone remodeling. One of a typical example is an increase in fracture risk in osteoporosis, in which
structural changes and decreased bone mass result in changes in the stress distribution of trabecular
bone. The stress distribution is also affected by bone quality such as nanoscale biological apatite (BAp)
crystallite orientation. We proposed a mathematical model of bone remodeling and multiscale stress
analysis of trabecular bone using homogenization techniques, in which mechanical properties of the BAp
crystallite was considered anisotropic and suggested mechanical adaptation in morphological change of
trabeculae. In the present study, we performed bone remodeling simulation and multiscale stress analysis
considering BAp crystallite orientation for trabecular bone model and evaluated changes in their fracture
risks. The potential of our simulation methods leading to bone quality evaluation was discussed.
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Uniaxial stress 10 MPa
i

Young s modulus:
for trabeculare: 20 GPa
for rigid plane: 200 GPa
Poisson’s ratio: 0.30

The sensing distance: 640 zm
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(a-i) Remodeling process based on the nonuniformity of
Von Mises stress as a mechanical stimulus
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(a-ii) Change in number of voxels in the remodeling process
based on the nonuniformity of Von Mises stress
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