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WILL THE ANISOTROPIC ELASTICITY OF HUMAN CORTICAL BONE BE ALTERED BY DEFATTING AND SR-µCT SCANNING?

Introduction

To study bone fragility and to understand structurefunction relationships, bone mechanical properties and microstructure have been studied using many different techniques. Usually, bone specimens are defatted for preservation and preventing contamination before experiments. While it has been shown that defatting does not significantly alter the compressive elastic mechanical properties of trabecular bone [1], such data seem to be missing for cortical bone. Bone microstructure is conveniently investigated using X-ray micro-Computed Tomography (μCT). Barth et al previously reported that bone strength decreases gradually as the increase of radiation dosage [2]. However the question of how bone elasticity is affected by typical irradiation occurring during 3-D µCT imaging has not been documented yet. The objective of this study is to investigate whether the anisotropic elasticity of human cortical bone is affected by the experimental preparation protocol (defatting) and by the measuring conditions using synchrotron radiation µCT (SR-µCT). Towards this goal, Resonant Ultrasound Spectroscopy (RUS) was used to measure anisotropic elastic coefficients of human cortical bone specimens, assuming a transverse isotropy.

Methods

Twenty four cortical bone specimens were harvested from 12 human femurs and prepared in rectangular parallelepiped shape. The experimental protocol included (1) RUS measurements on native specimens, (2) specimens defatting using a chemical bath of diethylether and methanol (1:1) for 18h, (3) RUS measurements on defatted specimens, (4) SR-µCT imaging, (5) RUS measurements after SR-µCT imaging. SR-µCT acquisitions were performed in the following conditions: ESRF beamline ID19, monochromatic beam energy 26keV, pixel size: 6.5µm, exposition time for each view: ~55min/scan). Paired ttest and Bland-Altman plot were used to compare the results before, after defatting and SR-µCT imaging.

Results

Fig. 1 illustrates the results for 𝐶 11 . Before and after defatting, only 1 of 24 specimens is out of the 95% confidence interval (CI) limits of agreement (Fig. 1(a)) and Paired t-test (p>0.05) shows that defatting has no significant influence in altering 𝐶 11 . For 𝐶 11 before and after SR-μCT imaging, all the values are within the 95% CI limits of agreement (Fig. 1(b)) and Paired t-test (p>0.05) indicates that current irradiation conditions do not significantly alter 𝐶 11 . Similar results were obtained for all the other coefficients. The observed differences before and after defatting or before and after SR-µCT are all consistent with reported RUS measurement errors (2% and 0.5% for longitudinal and shear elastic coefficients, respectively) [3]. 

Discussion

The findings of this study demonstrate that bone defatting and current measuring conditions of SR-µCT imaging have no significant influence in altering anisotropic elasticity of human cortical bone.
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 1 Figure 1: Bland-Altman plot of 𝐶 11 measured (a) before and after defatting, (b) before and after SR-μCT imaging.
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