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Influences of osteoporosis on relationship between trabecular stress

and microdamage

DING Hai', ZHU Zhen-an*, XUE Jing’, YUN Xiao-fei’ (1. Anhui Key Laboratory of Tissue
Transplantation, Department of Orthopedics, the First Affiliated Hospital of Bengbu Medical College, Bengbu
233004, China; 2. Shanghai Key Laboratory of Orthopaedic Implants, Department of Orthopaedics, Shanghai
Ninth People’ s Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China; 3. State
Key Laboratory of Oral Diseases, West China School of Stomatology, Sichuan University, Chengdu 610041,
China)

Abstract; Objective To quantify the stress and strain of trabecular bone with microdamage/microfracture by
using micro-CT and micro-finite element (yFE) analysis, so as to investigate the effects of osteoporosis on rela-
tionship between trabecular stress and microdamage/microfracture. Methods Two cylindrical specimens of
healthy and osteoporotic acetabular trabecular bones were scanned by micro-CT to build 3D uFE analysis mod-
els. The uniaxial compression on two specimens was simulated under frictionless displacement boundary condi-
tion. The trabecular stress, trabecular strain, microdamage and microfracture under different apparent strains
were calculated through nonlinear yFE analysis. Results For both the healthy and osteoporotic trabeculae under
apparent strain of 0.05%-0.50% , the undamaged trabecular stress was under 50 MPa, while the damaged tra-
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becular stress was above 110 MPa. Compared with the osteoporotic trabeculae, the mean stress of the healthy
trabeculae was relatively higher, but the maximum stress of the osteoporotic trabeculae was higher. Trabecular
damage occurred in both the healthy and osteoporotic trabeculae, while the healthy trabeculae showed more mi-
crodamage, and microfracture occurred in the osteoporotic trabeculae. Conclusions Within the scope of appar-
ent strain, the healthy trabeculae can withstand a higher stress with more trabecular microdamage, and micro-
fractures might occur in the osteoporotic trabeculae under the high stress.

Key words: Trabecula; Micro-CT; Finite element analysis; Osteoporosis; Microdamage; Stress
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Fig.1 Stress-strain curves for the healthy and osteoporotic

trabeculae
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Fig.2 Microdamage occurrence in the healthy and osteoporotic

trabecular bone
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Fig.3 Box-plot of the mean stress of the healthy and osteoporotic trabeculae under different apparent strains

(a) The overall trabecular stresses, (b) The damaged trabecular stresses, (c¢) The undamaged trabecular stresses
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