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Preprocessing:

• Eddy current and motion

• HySCO (EPI distortions)

• msPOAS (adaptive smoothing)

• Vibration Artifacts ( DTI model)

Signal Models:

• DTI (ols, wols, robust fitting)

• Diffusion Kurtosis Imaging

• NODDI-DTI (Tba)
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Outline

• Diffusion MRI: why, how, and what does it mean?

• Pre-processing steps

- Eddy current and motion correction
- Susceptibility artefacts correction 
- Vibration artefact correction
- Position-orientation adaptive smoothing

• Tensor fit models

- Weighted Ordinary Least Squares, Robust Tensor 
Fitting

- Kurtosis Tensor Imaging
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Introduction into diffusion MRI and 
Diffusion Tensor Imaging

Schematic Neuron

water diffusion
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Diffusion weighted images
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What do we need for 
diffusion MRI?

+ Model
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m b=0 images
+

n DW images

Artefact detection / correction.

The general linear model framework 
for diffusion MRI
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Whole-brain eddy current distortions
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Mohammadi et al., MRM, 2010

translation



EC and Motion correction

Stejskal & Tanner, JCP, 1965 Reese et al., MRM, 2003

Mohammadi et al., Frontiers, 2015



Eddy current and motion 
correction toolbox



Eddy current and motion 
correction toolbox
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Lübeck– London: Ruthotto et al., Phys Med Biol, 2012; Ruthotto et al., BVM, 2013

EPI “blip-up” EPI “blip-down”Anatomical reference

original
corrected

ACID - HYSCO  
EPI distortion correction
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ACID - HYSCO  
EPI distortion correction
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ACID - HYSCO  
EPI distortion correction
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Vibration artifacts and its 
correction

Correction of Vibration Artifacts in DTI 
Using Phase-Encoding Reversal  
(COVIPER) 

Mohammadi et al., MRM, 2012



ACID-COVIPER tool
Vibration artefacts



Corrected DTI 
dataset

ACID-COVIPER tool
Vibration artefacts
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What is adaptive denoising?
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Denoising: multi-shell orientation-
position adaptive smoothing (msPOAS) 

Becker et al., MIA, 2012, Becker et al., 2014

• Multi-shell dMRI 

• @1.2 x 1.2 x 1.2 mm3

• @ 3T clinical 
scanner



Becker et al., MIA, 2012, Becker et al., 2014

Denoising: multi-shell orientation-
position adaptive smoothing (msPOAS) 
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Denoising: multi-shell orientation-
position adaptive smoothing (msPOAS) 

Tabelow/Mohammadi et al., Neuroinformatics, 2015
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Denoising: multi-shell orientation-
position adaptive smoothing (msPOAS) 

Tabelow/Mohammadi et al., Neuroinformatics, 2015
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• Pre-processing steps

- Eddy current and motion correction
- Susceptibility artefacts correction 
- Vibration artefact correction
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What are the inputs?

Most important
• Diffusoin Data
• b-values
• b-vectors
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What are the outputs?

FA_{M} MD_{M}

Axial_{M} Radial_{M}

{M} = method:
- ols: ordinary least square
- wls: weighted ordinary least square
- robust: robust fitting 
- see Mohammadi et al., 2012, 2013 

More advanced:
- Tensor fit error: RES_{M}
- Eigenvalues and Eigenvectors
- Output for Freiburg Fibertools

(Tractography – contact Marco 
Reisert / Volkmar Glauche)

Learn more about the DTI metrics: 
Basser et al. 1996; Diffusion MRI…, Ed: H Johansen-Berg & TEJ Behrens, 200?



Robust tensor fitting for 
spinal cord DTI

Mohammadi et al., 
MRM, early view

Based on Zwiers, 
NI, 2010

€ 

ω =ωDWI ×ω s ×ω v

Outlier
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What is the DKI switch?

Most important
• Diffusoin Data
• b-values (multi-shell)
• b-vectors

DKI switch
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What are the outputs?

MK_ols

AWF_ols
Learn more about these DKI metrics: 
Fieremans et al., NI, 2011

Maps
- MK – mean kurtosis
- AWF – axonal water fraction

Learn more about them: 
Jensen et al., 2010 (review about DKI); 
Fieremans et al., 2011 (biophysical
model of AWF)
Jelescu et al., 2015 (comparison to 
NODDI)


