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The Trans-Scale Conduction Behavior of Fluid Stimulation in
Loaded Bone

YU Weilun, WU Xiaogang”, LI Chaoxin, SUN Yugin, CHEN Weiyi"
( College of Biomedical Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Objective To investigate the conduction behavior of fluid flow induced by physiological loads at
different scales of bone. Methods The multiscale bone models were established by using the COMSOL
Multiphysics software, and the fluid behaviors were investigated at macro-, meso- and micro-scale. Results At
macro-meso scale, the distribution of pore pressure and fluid velocity of osteon near the periosteum and
endoosteum were different from that in other parts. Due to the different structure and material parameters at
different layers, the loading and fluid pressure caused different biomechanical responses in the process of
transferring from macro-scale to micro-scale. Conclusions The multi-scale layered modeling of bone structure-
osteon-lacunae-bone canaliculi was established, which provided the theoretical reference for deeper
understanding of fluid stimulation and mechanotransduction.
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Fig.1 Macro-meso scale model
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Fig.3 Meso-micro scale model

(a) 1/8 bone model, (b) Meso-micro model, (c¢) Canalicular material and lacuna

material, (d) Lacuna material, (e) Cross-sectional schematic of lacunar and canalicualr geometry microstructure,

(f) Schematic of lacunar material geometry, (g) Cross-sectional schematic of single canaliculi geometry
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(a) Pore pressure, (b) Fluid velocity
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