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Phase contrast imaging in mouse brain: anisotropy and structure 

analysis
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▪ Introduction / Background

▪ Methods of measuring vasculature

▪ Phase Contrast Imaging (PCI)

▪ Image Acquisition

▪ Image Processing

▪ Anisotropy Analysis

▪ Discussion

12.12.2016 2

Agenda



||Institute of Biomedical Engineering 

▪ Cerebral Blood Flow critical in many pathologies
(Girouard and Iadecola 2006) 

▪ Hypertension

▪ Alzheimer's

▪ Stroke

▪ Understanding BOLD signal
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Measuring Vasculature 

Mouse brain imaged by 3DISCO 

(Erturk, Becker et al. 2012)

18 month old healthy mouse (A) compared to one with Alzheimer's (B,C)

(Meyer, Ulmann-Schuler et al. 2008)
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▪ Histology

▪ MRA

▪ CTA

▪ Ultrasound
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Previous Methods

(Demene, Tiran et al. 2016)

(Chung, Noble et al. 2004)

(Walchli, Mateos et al. 2015)

(Dorr, Sled et al. 2007)
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▪ Absorption vs. Phase
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Phase Contrast Imaging

(Stampanoni, Groso et al. 2006)
Rat brain: Absorption (top) vs. PCI using 

grating interferometer (bottom) 

(McDonald, Marone et al. 2009)

𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝑅𝑒𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑣 = 1 − 𝛿 + 𝑖𝛽

Absorption
Phase



||Institute of Biomedical Engineering 12.12.2016 6



||Institute of Biomedical Engineering 

Project Overview
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▪ SLS produces high brilliance photon beam (Energy of 2.4 GeV)

▪ TOMCAT beamline exploits coherence for high-resolution phase images

▪ Allow beam to propagate before detecting

▪ Small d → detect X-Ray absorption image

▪ Increase d and phase distortions become interference fringes
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PCI at PSI
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▪ Local CT two sets of 7x8 = 56 overlapping tiles

▪ Paganin Reconstruction 
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▪ Crop and correct background signal

▪ Improve feature contrast 
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▪ Local CT – 7x8 = 56 overlapping tiles 

(~30% overlap)

▪ FIJI plugin “Grid/Collection stitching”

▪ Same registration matrix for the whole stack
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▪ Diffusion weighted MRI measures the 

diffusion tensor

▪ major eigenvector is parallel to direction of 

diffusion 

▪ Fractional Anisotropy

▪ Structure tensor calculated from image 

gradient

▪ minor eigenvector is parallel to major 

orientation

▪ Coherency
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Anisotropy in the Brain

𝑆 =

𝐼𝑥𝐼𝑥 𝐼𝑥𝐼𝑦 𝐼𝑥𝐼𝑧
𝐼𝑦𝐼𝑥 𝐼𝑦𝐼𝑦 𝐼𝑦𝐼𝑧
𝐼𝑧𝐼𝑥 𝐼𝑧𝐼𝑦 𝐼𝑧𝐼𝑧

𝐶𝑜ℎ𝑒𝑟𝑒𝑛𝑐𝑦 =
𝜆𝑚𝑎𝑥 − 𝜆𝑚𝑖𝑛

𝜆𝑚𝑎𝑥 + 𝜆𝑚𝑖𝑛
𝐹𝐴 =

1

2

𝜆1 − 𝜆2 2 + 𝜆2 − 𝜆3 2 + 𝜆3 − 𝜆1 2

𝜆1
2 + 𝜆2

2 + 𝜆3
2

Major

Minor

(O'Donnell and Westin 2011)

Major

Minor

DWI ST
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gradient
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▪ Advancements:

▪ High contrast high resolution images

▪ Observe directionality in the brain

▪ Limitations:

▪ Contrast agent, ex vivo

▪ Artefacts

▪ All structure – not just vessels

▪ Outlook

▪ Connectivity of vasculature 

▪ Correlate with axonal directionality

▪ Improvements on analysis
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Discussion
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