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Abstract: Objective To predict the micro-level energy release rate in the rat femoral cortical bone and investigate
the variation in the micro-level energy release rate with age. Methods Based on previous experimental data and
numerical simulation of fracture modes for cortical bone, load-displacement curves and fracture modes measured
by simulation and experiment were compared, and the micro-level energy release rates of rat femoral cortical
bone at different months were predicted by back-calculation. Results It was predicted that the micro-level energy
release rate of rat femoral cortical bone at 1-, 3-, 5-, 7-, 9-, 11-, and 15-month age was 0. 08-0. 12, 0. 12-0. 14,
0.15-0.19, 0.25-0.28, 0.23-0.25, 0.19-0.22, and 0.13-0.16 N/mm, respectively. Conclusions The
decrease in the microlevel energy release rate with increasing age led to a decreasing failure load, indicating that
the microlevel energy release rate is one of the main factors determining fracture occurrence; however, no
significant decrease was observed at the time of fracture, indicating that the microlevel energy release rate was
not linearly proportional to the fracture time. These results can help explain the mechanism of cortical bone
fractures at the clinical level.
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Fig.1 Schematic diagram of the boundary conditions in

previous compression experiment and fracture

simulation in this study
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Tab.1 Material input parameters in fracture simulation measured

from the previous experiment
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Fig.2  Mesh sensitivity analysis of finite element

model of the rat femur cortical bone
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Fig.3 Prediction accuracy analysis in fracture simulation
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Fig. 4 Micro-level energy release rate of the

femoral cortical bone in rats with

different months
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Fig. 5 Comparison of the load-displacement curves in the experiments and fracture simulations

(a) l-month age,

(b) 3-month age, (c¢) 5 months age, (d) 7-month age, (e) 9-month age, (f) 11-month age, (g) 15-month age
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(¢) Experimental fracture pattern
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