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Mechanical Experiment and Microscopic Analysis on Anisotropic
Properties of Cortical Bone
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Abstract: Objective To investigate the relationship between microstructure characteristics and its mechanical
behavior. Methods The compression experiments on longitudinal and transverse specimens of the cortical bone
from bovine femoral bone were conducted. The fracture routes of longitudinal and transverse specimens and
microstructural features of fractured surfaces were observed. The effects of osteon orientation on elastic modulus
and ultimate fracture strength of the bone were analyzed based on the theory of composite micromechanics.
Results The compressive elastic modulus and ultimate fracture strength of longitudinal specimens were signifi-
cantly greater than those of transverse specimens. The fracture routes of longitudinal specimens were along their
loading direction (0°)and relatively flat, while the fracture routes of transverse specimens were relatively zigzag-
ging, being approximately 45° with their loading direction. There were many striped structures on fractured sur-
faces of longitudinal specimens and the fractured surfaces were relatively smooth, while there were many annular
concave and convex structures on fractured surfaces of transverse specimens and the fractured surfaces were rela-
tively rough. Conclusions The bovine femoral bone had anisotropic mechanical properties, and its anisotropic me-
chanical properties were closely related to the orientation of osteons.
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Fig.2 Test results of longitudinal and transverse specimens

(b) Relationships between stress and strain of longitudinal specimens at different loading rates,

transverse specimens at different loading rates,

transverse specimens
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Fig.3 Fracture routes of longitudinal and transverse specimens

(a) Longitudinal specimens, (b) transverse specimens
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(a) Relationships between stress and strain at 0.5 mm/min loading rate,

(¢) Relationships between stress and strain of
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Fig.4 Microstructure of fractured surface (a) Stripped structure of longitudinal specimen, (b) Longitudinally cracked osteon,

(¢) Annular concave structure of transverse specimen, (d) Annular convex structure of transverse specimen
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Fig.5 Representative volume element of bone and analysis results of longitudinal compression and transverse compression (a) Longi-

tudinal compression (direction L), (b) relationship between elastic modulus of bone and volume fraction of osteon, (c) transverse com-

pression ( direction T')
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