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In silico

Clarifying the mechanism of bone mechanical adaptation based on in silico
observation of bone metabolic dynamics
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To clarify the mechanism of bone mechanical adaptation through bone
metabolism and remodeling, in this study, we developed a computer simulation platform to
simultaneously observe the behaviors of molecules, cells, tissues, and organs in response to
mechanical loading. First, we quantitatively evaluated the mechanical stimuli applied to osteocytes
buried in bone tissue by fluid-structure interaction analysis. Then, we constructed a mathematical
model of cortical-to-cancellous bone transformation, which is considered to be the main cause of
age-related bone loss, and clarified its mechanism through remodeling simulation. Furthermore, we
developed a mathematical model of bone metabolism that couples the dynamics of bone cells and the
evolution of bone microdamage. The remodeling simulations using this mathematical model enabled the
evaluation of the load-bearing function of cancellous bone from the viewpoints of bone quantity and
quality.
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