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Finite element analysis on the stress concentration effect of osteons
in cortical bone
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ZHANG Xi-zheng' (1. Institute of Medical Equipment, Academy of Military Medical Sciences, Tianjin 300161 ,
China; 2. Department of Orthopedics, General Hospital of Tianjin Medical University, Tianjin 300052, China)

Abstract; Objective To construct a three-dimensional (3D) solid model of the cortical bone including osteons,
verify the stress concentration effect of osteons, simulate and predict the stress concentration location under fa-
tigue using finite element analysis ( FEA). Methods The 3D solid model of the cortical bone including osteons
was constructed in Pro/E wildfire 5.0, and local stress and strain distributions in the cortical bone under different
axial compression were calculated and analyzed in ANSYS 12.0. Fatigue simulation on the selected locations was
conducted to evaluate fatigue status of the model subjected to different fatigue loading intensities. Results Obvi-
ous stress concentration at the junction of osteon and the interstitical bone appeared under axial compressive
loads, and the percentage of pathological local strain in the cortical bone increased with the axial compression in-
creasing. Fatigue simulation on the selected locations demonstrated that bone fatigue risk during physiological or
daily activities was very low, while a high fatigue or fracture risk might occur during high-intensity exercises or
training. Conclusions The 3D solid model of the cortical bone including osteons is successfully established, the
stress concentration effect of osteons is verified, and the location of bone fatigue damage under strenuous exer-
cise and its risk are predicted. These experimental results can provide references for training management and
athletic fatigue damage prevention in military recruits and long distance running athletes.
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Fig.1 Section modeling of the cortical bone including osteons (a) Structural model of a single osteon, (b) A simplified model of cortical bone

section, (c¢) Key point determination on the section
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Tab.1 Coordinates of key points on the section
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Fig.2 Modeling and meshing of the cortical bone (a) Different parts in Pro/E, (b) Sectional view after assembling, (c¢) General view after
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assembling, (d) Model of cortical bone in ANSYS, (e) Meshing of osteons, (f) Meshing of the whole model
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Tab.2 Model meshing parameters of the cortical bone
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7 570 0.3 SOLID 95-44 441 8 100 162 000
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Fig.3 Local strain distribution under axial compression in the

model (a) Axial-cut view, (b) Sectional view, (c¢) Magni-

fied sectional view
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Tab. 3 The extremum stress and strain of the model under
axial compression
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(e/x107%) ByMi Bkl WM BME B KM

1 500 114 4312 37.82 0.07 2.72 41.67
3 000 227 8624  37.99 0.13 5.43 41.79
5 000 379 14 374 37.93 0.22 9.06 41.73
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Fig.4 Local strain distributions in cortical bone under axial

compressions
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Tab.4 Fatigue analysis of the selected location in different events
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