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Introduction
The mechanisms of bone fragility in relation to
diseases such as osteoporosis remain only partially
understood. Extensive attention has been devoted to the
osteocyte cell network, which plays a central role in
bone remodeling, but for which observation remains
challenging. To assess bone nano-structure, we propose
to use a new 3D X-ray phase nano-CT setup developed
at the ESRF (European Synchrotron Radiation Facility)
in Grenoble, which targets to reach isotropic spatial
resolution up to 20 nm. Images of cortical bone
samples with isotropic voxel size of 120nm, 50nm and
30nm are presented.

3D phase tomography images were converted to
equivalent mass density maps, thus providing
information on bone mineralization.
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Methods
Transverse cross-sections were cut from mid-diaphysis
in femurs from women (50 to 95 years old). Then,
small cortical bone samples (0.4x0.4x3 mm3) were
prepared using a high precision low-speed circular saw.
Imaging was performed on a new magnified X-ray
phase nano-CT device developed at beamline ID16A at
ESRF. The sample is placed on a sample stage in
vacuum and illuminated with a pink beam extracted
from synchrotron radiation at 17 or 33 keV.
Image acquisition consists in recording four CT data
sets at different sample positions between the X-ray
source focus and detector. The 3D images were
reconstructed in two steps: 1) phase retrieval, to
recover the phase shift at each rotation angle, 2)
Filtered Back Projection tomographic reconstruction.
They provided maps of refractive index decrement δ.
Imaging was performed for 9 samples at 120 nm, and
at either 50 or 30 nm. For each 3D image (2048)3, we
computed central slices and Maximum Intensity
Projections (MIP) in each direction. The quantitative
analysis of osteocyte lacunae was performed on images
at 120nm.

Results
Acquisition time for a complete dataset (i.e. with 4
focus-to-sample distances) was approximately 4 hours.
The 3D images were successfully reconstructed. Figure
1 illustrates slices (a)-(c) and MIP images (b)-(d)
respectively at 120nm (top line) and 30nm (bottom
line). The osteocyte system can clearly be observed at
120nm while at higher spatial resolution (30nm in
Figure 1c), the texture of collagen fibers is visible. The
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Figure 1: cortical bone images obtained with X-ray
phase nano-CT at 120 nm (top line) and 30 nm (bottom
line). (a)-(c): selected slices (b)-(d) MIP images

Discussion
The data was acquired on a new phase nano-CT setup
optimized for nanoscale imaging. Despite the high
radiation dose, the samples appeared to remain stable
during the scans. The alignment of the recorded images
at different magnifications was found to be crucial for
phase retrieval. In the future, our goal is to extract
quantitative parameters from these phase CT images
and to correlate them with experimental biomechanical
tests performed on neighboring regions in the bone.
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