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Outline

» What is phase contrast imaging and dark-field imaging?

» Why are these new imaging modalities good for bio-

medical imaging?

» Future prospects of phase-contrast imaging?



Biology can best be understood if studied at 

different length and time scales



High Contrast / Low Contrast

First x-ray image

made by Röntgen in 1896

Modern x-ray image today



Synchrotron-based phase contrast micro-CT
Electron accelerator, highly parallel X-rays



Medicine at different length scales
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Phase contrast and 

dark-field imaging



Analogy – Visible Light

» Diffraction

» Refraction

Wikimedia Commons

https://commons.wikimedia.org/wiki/Main_Page


Analogy – Visible Light

Phase contrast imaging

Images by Gary S. Settles, Penn State Gas Dynamics Lab 
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Röntgen was also looking for refraction…



Coherence

» Ability to interfere due to particle/wave duality



Near-field versus far-field

Image courtesy: Timm Weitkamp



Wave propagation regimes: Fresnel number:

a = “resolution”, λ = wavelength, Z = propagation distance

For λ = 10-10 m a Z

- Contact regime F >> 1 1 mm 10 cm

- Near field regime (Fresnel) F ~ 1 1 µm 10 cm

- Far field regime (Fraunhofer) F << 1 1 nm 10 cm

- Near field regime (Fresnel) F ~ 1 1 mm 10 km

- Near field regime (Fresnel) F ~ 1 1 µm 10 cm

- Near field regime (Fresnel) F ~ 1 1 Å 1 Å

Wave propagation for beginners



Holotomography

Polystyrene foam.

P. Cloetens 1999
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Selected Application
3D IMAGING BY NANO HOLOTOMOGRAPHY



Zoom tomography of biopsies from 

human peripheral nerves



PIN biopsy method

Posterior interosseus nerve

Radius Ulna

Collaboration Niels Thomsen and Rayaz Malik



Diabetic Neuropathy – nerve fiber distribution

Posterior interosseous nerve – upper extremity



Nano tomography @ synchrotron



Synchrotron Nano CT versus 

3D Electron microscopy

Technique Resolution Field of 

View

Acquisition

Time

Other

Synchrotron

Imaging

75 nm ~150 µm Hours Non 

destructive

3D Electron

microscopy

In plane: 

~ 5-20 nm

Slice-wise: 

~ 50+ nm

Days Destructive

Artifacts in 

different slices

Need for 

alignment of 

2D images

Abdollahzadeh 

et al. 2019 

~15 x 15 x 15 µm3

Lee et al. 2019 

48 x 36 x 20 µm3



Nano-Tomography at ID-16NI, ESRF

Scientific Reports (2020) 10:7592 

https://doi.org/10.1038/s41598-020-64430-5

https://doi.org/10.1038/s41598-020-64430-5


X-ray phase contrast zoom tomography



Node of Ranvier

Berthold et al 1990

Node of Ranvier – myelinated

nerve fiber with myelin deleted



Regeneration – the birth of an axon



Data segmentation

» Extraction of both inner and outer surface

Data analysis by 

Hans Martin Kjer

Dahl, V. A., Trinderup, C. H., Emerson, 
M. J., & Dahl, A. B. (2018) Content-
based Propagation of User Markings 
for Interactive Segmentation of 
Patterned Images. IEEE Transactions 
on Image Processing. 2018



Morphology: Axonal diameter

Data analysis by Hans Martin Kjer, DTU



Quantitative data extraction

X10-3 X10-3
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Outlook: Bio-medical Imaging 

and pre-clinical implementation



Bio-imaging at different length scales

Nano/Micro tomographyProtein crystallography

Cells TissuesBiomolecules Organs Animals

10-6 m10-9 m10-10 m

Atoms Micro-
structures

Coherent diffractive imaging

Molecular 
complexes

Slide courtesy: Tomas Lundqvist



MedMAX – for biomedical imaging

» Imaging beamline

– 165 m long

– Large field-of-view

» Energy range

– 5 – 50 keV

MedMAX



Technical scope for Biomedical 

beamline, MedMAX

Conceptual design report



Imaging with synchrotron x-rays

Truong et al. (2022) Sub-micrometer morphology of human atherosclerotic plaque revealed by 
synchrotron radiation based μCT—A comparison with histology. PLOS ONE 17(4): e0265598. 
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