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The mineral nanoscale soucture and organization are intrinsic determinants of bone
quality. While these material characteristics have been shown to be altered in severe patho-
logical state (e.z. fiuorosis, OI), the extent of the fincruations in healthy mdividuals is sull
not fully understood. This srudy aims ro analvze the extent of nanoscale fincruations that
can be expected in 2 zroup of healthy individual which main morpbological vanability is
cortical porosiry. Transverse sections of 100 pm in thickness were prepared from the lateral
quadrant of the femoral mid-diaphysis of 26 donnors aged 50-05 (12 men, 14 women).
The samples were analyzed by quantitative scanning small-angle X-ray scantering (gsSAX-
SI) using a synchrotron beam of 20 ym in diameter which sllowed resolving histological
features. Images of the minersl nanoparticle thickness and organization were thus recon-
structed with nanoscale resolution over the full cortical shell (up to 5 x 11 mm?2) The zlobal



nuneral nanoparticle thickness distnbutions reported in fig.1a fall i a range of 3.5 - 4.1
nm (mnterquartile range), in good agreement with values found in the literature. Significant
shifts in average thickness were found between samples, but these remain 1n a linuted range
(0.2 — 0.3 nm) as compared to known pathological modifications (e.g. > 1 am for fluorotic
bone). However, a closer examuation of the images reveals spatial fluctuations well cor-
related with histology. In particular. lower thickness values are encountered in the vicimty of
the cortical pores/voids. Furthermore. significant perturbations of the mineral organization
(higher interparticle distance and shorter correlation length) were also observed (fig 1b) in-
dicating ultrastructural tissue modifications Our preliminary analysis tends to indicate that
cortical bone porosity may be associated with a degraded material quality. Whale the Iimited
changes in nanoparticle thickness suggests that the global nuneralization mechanisms are
essentially conserved, the perturbation i their organization indirectly porats to alterations of
the structure and/or organization of the tissue at the microfibril level. Because mucrofibrils
have been shown to be the main deternunants of mucroelasticity at the lamellar level, these
tissue modifications should have an mmpact on the micro- to macroscopic biomechanical
properties Fig.1: (a) nanoparticle thickness (SAXS) vs age; (b) short range order (2n/a) vs
mterparticle distance (2n/f).
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