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Relationships between Mechanical Properties and Volumetric Bone
Mineral Density of Rat Femoral Cortical Bone

Makoto SAKAMOTO, Kenji SATO, Yuji TANABE, Koichi KOBAYASHI, Fuyuki MURATA, Jun SAKAI

The mechanical properties of cortical bone are a consequence of the interaction between the mineral and collagen
components. Small variations in the amount of mineral present in a section of bone can have a large influence on its
mechanical properties. Studies have shown the comrelations between Vickers microhardness and mineral content, and
Vickers microhardness and elastic modulus using three-point and four-point bending tests. However, the precise nature
of statistical relationship has yet to be established. Nanoindentation, which evolved from Vickers microhardness test,
allows for measurement of mechanical properties of cortical bone at the nanometer scale. The nanoindentation
technique has been applied to estimate mechanical properties of bone at a microscopic length scale, overcoming the
limitations of traditional mechanical tests for small specimens. In this study, the relationships between mechanical
properties measured by nanoindentation and volumetric Bone Mineral Density (vBMD) measured by peripheral
Quantitative Computed Tomography (pQCT) in femoral cortical bone from a variety of ages of rats were investigated.
The specimen of rat cortical bone used here was Haversian bone. Experimentally measured elastic modulus was
correlated with vBMD (r=0.80). It was found that a good correlation also existed between hardness and vBMD
(r=0.81).
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Fig. 1 Schematic diagram of rat femoral cortical bone specimen
preparation process.
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Fig. 2 Typical load-displacement curve obtained by
nanoindentation test.
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Fig. 3 Changes in volumetric bone mineral density of rats.
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Fig. 4 Typical nanoindentations of rat femoral cortical
specimens.
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Fig. 5 Typical load-displacement data for a cortical specimen.
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Fig. 6 Relationship between elastic modulus and volumetric
bone mineral density.
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Fig. 7 Relationship between hardness and volumetric bone
mineral density.
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