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The effect of different mechanical stimuli on numerical simulation
of bone remodeling
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Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 2. China Astronaut Training
and Research Center, Beijing 100094, China)

Abstract : Objective To study the effect of three different kinds of mechanical stimuli (i. e. strain energy density,
equivalent stress and equivalent strain) on numerical simulation of bone remodeling. Methods A two-dimension-
al finite element model of the proximal femur was constructed. Based on the mechanostat theory and finite ele-
ment method, the inner structure of the proximal femur and its density distributions under the three different stimu-
li were predicted. Then the simulation results were compared quantitatively with calculation results obtained from
CT images. Results The predicted density distributions on the proximal femur under different stimuli were all well
matched with the real structure of the proximal femur. By comparing the values and shapes of the calculated bone
density curves, the predictions from the model using equivalent stress as mechanical stimuli were mostly consist-
ent with the CT images. Conclusions The equivalent stress might play a leading role in mechano-regulation algo-
rithms of bone remodeling. The accurate prediction of bone remodeling process will provide a theoretical basis for
clinical practices such as orthopedic surgery, treatment of bone diseases and personalized design and optimiza-
tion of prosthesis.
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Fig.1 Flow chart of numerical simulation for bone remodeling
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Fig.1 Schematic of the 2D proximal femur model with loads and

boundary conditions
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Fig.2 Predicted density distributions of the proximal femur under three kinds of mechanical stimuli

(a) Under strain energy density, (b) Under equivalent stress, (c¢) Under equivalent strain, (d) CT scan image of the proximal femur
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Fig.3 Density of the proximal femur in different positions
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