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Report:

A series of eleven human vertebrae samples from people of different ages was imaged
using 3D computed microtomography (CMT) in order to study the evolution of
trabecular bone structure with aging.

The CMT setup included a single crystal monochromator, a rotation / translation stage to
scan the sample through the beam and a 2D detector. The detector consisted in a
Gd202S:Tb screen converting X-rays to light, light optics and the FRELON CCD
camera (1024 x 1024 square elements of 19 pm) developed by the ESRF Detector
Group. Due to optical magnification, the final pixel size was 6.65 ~m.

900 projections (1024 x 1024 pixels) of each sample were acquired over 180 degrees
and corrected for flat field. A filtered back projection algorithm was used to reconstruct
3D images of the samples from the data set (see figure 1). Due to the large amount of
data to be processed, reconstructions are still in progress.

Image processing tools were developed to extract structural parameters quantifying
trabecular bone architecture from the 3D images. Images were first binarized using a
global threshold. Parameters conventional used in histomorphometry (e.g. bone volume
fraction, surface to volume ratio, trabecular thickness, trabecular number) and
connectivity parameters (e.g. number of nodes, number of free ends) derived from the
skeletonized version of the images were then calculated and averaged over a series of
consecutive 2D slices. This study showed the great variability of the parameters within
the sample and the need for truly 3D analysis. We are currently working on extending
conventional parameters to the third dimension.
The influence of spatial resolution on the structural parameters was studied by
undersampling the initial 3D images by an increasing factor (2 to 32). Decreasing the
spatial resolution allowed to simulate an imaging system with limited spatial resolution
(e.g. conventional CT scanner). Histomorphometric and topological parameters were
found to be strongly dependent on spatial resolution, particularly beyond 100 pm which
corresponds to trabeculae mean thickness.
As soon as reconstructions are completed, the correlation between structural parameters
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Figure 1: 3D images of human vertebrae samples of different ages.

