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Healthy bone Osteoarthritic (OA) Osteoporotic (OP)

Imaging of the lacuno-canalicular network (LCN)
• Segmentation using region growing (hysteresis thresholding)
• Tools for LCN description: Lacunae volume, Lacunae shape, Lacunae orientation

Absorption Phase

Coherent 
X-ray beam

• Highly coherent beam delivered by the ESRF
• Refractive index 𝒏 of the sample

• 𝛽 relative to the absorption
 Proportional to μ, the attenuation coefficient

• 𝛿 relative to the phase shift
 Proportional to ρ𝑒 , thus to ρ, the mass density

Absorption imaging vs. Phase contrast imaging

Image acquired by the detector
(example on a tumour bearing 

breast biopsy) 

Retrieved phase
2 mm

• For hard X-rays and soft tissue, 𝛿/𝛽 > 103[1]
 PCI offers higher sensitivity than attenuation-
based imaging.

Nano tomography [3]
• Divergent beam magnification
• Achieve micrometric resolution (~20 nm)
• Quantitative
• Very high sensitivity 

Micro-tomography [2]
• Parallel beam
• Achieve micrometric resolution (~0,3 µm)
• Quantitative
• Very high sensitivity 

Set-up for micro- and nano-imaging [1]

Collagen orientation [4,5]

Mineralized collagen fibril 
orientation around an osteocyte 
lacuna, Colour of the cylinders 
represents the degree of 
anisotropy. Scale bar: 5 µm.

• Orientation from 3D data
• Twisted/oscillating plywood
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~20 nm

SR-µCT acquisition at 0.3 µm
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