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Anisotropic and Strain Rate Dependent Behaviour in Mechanical Properties of
Porcine Vertebral Trabecular Bone

Ryo Saito*, Yuji Tanabe**, Makoto Sakamoto™** and Koichi Kobayashi***

Abstract

In Japan, compressive fractures of vertebral bodies due to osteoporosis are still increasing with an obvi-
ous growth of super-aging society. Therefore, to elucidate the pathogenesis of the fractures should be the
key to early discovery of their precursors. The mechanical characteristics of the vertebral bodies during
their fracture process under compression could give us one potential way to find the solution of the
pathogenesis. From this point of view, the evaluation of mechanical properties of cortical and trabecular bone
should be important. Previous studies showed that trabecular bone was inhomogeneous and anisotropic ma-
terial because of its porous structure, and its mechanical properties were dependent on the bone volume frac-
tion (BV/TV) and strain rate. However, anisotropic behaviour in dynamic mechanical properties, namely un-
der high strain rates has not been sufficiently investigated yet. So, this study dealt with both the Split-
Hopkinson Pressure Bar (SHPB) and the quasi-static compression tests on the trabecular bone specimens
taken from porcine vertebrae. The rate dependent behaviour in mechanical properties such as Young’s mod-
ulus, ultimate strength, and so on were discussed in association with their microstructural parameters. The
materials used in this study were porcine thoracic and lumbar vertebrae. The vertebrae were machined into
small cylindrical specimens consisting of trabecular structures. The long axes of the specimens were chosen
to be in various orientations in the sagittal plane. The orientation of the trabeculae in each specimen was de-
termined from the digital camera images of its sagittal section using the Mean Intercept Lengths (MIL)
method. Quasi-static compression tests were performed at a strain rate of approximately 2 X 107°s ™! using
an Instron-type material testing machine while the SHPB, namely dynamic compression tests were per-

formed at a strain rate of approximately 300 s

All tests were performed at room temperature of approxi-
mately 20°C, and the specimens were kept moist during experiments. Quasi-static and dynamic Young’s
moduli of the trabecular specimens were determined as a function of orientation in terms of the principal axis
of the MIL ellipsoid, @\i.. Young’s modulus appeared to increase with an increase of @y both under quasi-
static and dynamic compression. Dynamic Young’s modulus was significantly larger than quasi-static one
(p<0.05) independently of @yy.. The results indicate that anisotropy represented by @y in this study has
the strong influence on the mechanical properties of trabecular bone, and suggest that it could be good predic-
tor of the mechanical properties.

Key words : bone biomechanics, osteoporosis, trabecular bone, dynamic mechanical properties, anisot-
ropy, SHPB method
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[Innovative Testing and Estimation Methods of Hydrogen Embrittlement Under Sustained,
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