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The *File" and "Edit" menu offer options to load, save and run a job and to modify the configuration of the batch
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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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 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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Diffusion MRI: why, how, and what does it mean?

Pre-processing steps

- Eddy current and motion correction

- Susceptibility artefacts correction (in development)

- Vibration artefact correction

- Position-orientation adaptive smoothing (in
development)

Tensor fit models

- Weighted Ordinary Least Squares, Robust Tensor
Fitting
- Kurtosis Tensor Imaging
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Diffusion weighted images
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n DW images

m b=0 images
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Artefact detection / correction. "
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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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Mohammadi et al., MRM, 2010
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Double spin echo

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

Mohammadi et al., Frontiers, 2015
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Matlabbatch User Interface mSbo%0.14

* Menu and Toolbar v 5% 26.09.17,
spml2 mispl

| The "File” and "Edit” menu offer options to load, save and run a job and to modify the configuration of the batch
| system. For each application which is known to the batch system, a separate pulldown menu lists the available
modules. Depending on the application, these modules may be grouped into submenus. Application specific
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 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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Libeck— London: Ruthotto et al., Phys Med Biol, 2012; Ruthotto et al., BVM, 2013




Universitétsklinikuml ACID - HYSCO

Hamburg-Eppendorf : : '
PP EPI distortion correction

. @ @ Batch Editor
! File Edit View [JSYl BasiclO ~
== Temporal > .ac.uk/spm/
Module List | Spatial > dule

| [NoModulesinBatch ~ Stats >

i DCM > 18:04:08 - 26/09/2017

| M/EEG >

i Utll > | RELEEEEE done

Show movie of DWI images
. Dartel Tools > Tensor fitting = read-write nifti >
Edit D:zfaults FieldMap »  FA-FVBS options »  Make Brain Mask
‘ Longitudinal Registration > T Resample to dimension
MPM Multi-Parameter Mapping » Combines repetitions

v

Old Normalise Choose EC and Motion correction method »

Old Segment HySCO 1.0 Choose HySCO options >
Rendering HySCO 2.0 (preferred) Choose POAS options [ 2

Shoot Tools HySCO 3.0 (preferred) P=spm_selec
VBQ Tools Write HySCO corrected images stpm—voup
hMRI Tools > F Ab@=ACID_re;
MPM ESTATICS > PMSK=spm_se
SUIT > AMSK=ACID_ri

figure; imag:
figure; imag:
mSb@=mean (Al

mSb@=mean (Al

Matlabbatch User Interface mSb@=mean (Al

* Menu and Toolbar mSbo=mean (Al
) . ) ) : ) mSb@x0.05

The "File” and "Edit” menu offer options to load, save and run a job and to modify the configuration of the batch

system. For each application which is known to the batch system, a separate pulldown menu lists the available mSb@+0.14

modules. Depending on the application, these modules may be grouped into submenus. Application specific v % 26.09.17,
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 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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Blip down COVIPER
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Correction of Vibration Artifacts in DTI
Using Phase-Encoding Reversal
(COVIPER)

Mohammadi et al., MRM, 2012
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 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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- Multi-shell dMRI
- @1.2x1.2 x 1.2 mm3

* @ 3T clinical
scanner

Becker et al., MIA, 2012, Becker et al., 2014 27
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original

msPOAS

Becker et al., MIA, 2012, Becker et al., 2014
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The "File” and "Edit” menu offer options to load, save and run a job and to modify the configuration of the batch

system. For each application which is known to the batch system, a separate pulldown menu lists the available mSb@x0.14

modules. Depending on the application, these modules may be grouped into submenus. Application specific v 4 26.09.17,

s spml2 mispl
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Tabelow/Mohammadi et al., Neuroinformatics, 2015 29
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O ® Batch Editor
File Edit View SPM BasiclO N
1 —~ B

o0 @ D d ™

File Edit Vievsd Module List Current Module: POAS

DEeE P POAS <X Help on: POAS

DTlimages <-X

LD Region of interestimage (or done for none)
No Modules in Batch| Diffusion directions (bvec) 3x4 double
b-values (bval) [5 1000 1000 2000]
K star 10
kappa 0.8
lambda 10
I Slgma 30
ncoils 1 >
Qutput format 3d output
n method »
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P=spm_selec
Current Item: DTI “Tlagos ]_—_Spm_vo (P
Ab@=ACID_rei
PMSK=spm_se
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figure; imag
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Tabelow/Mohammadi et al., Neuroinformatics, 2015 30
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« The diffusion tensor model in the SPM language

* 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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What are the inputs?

O O] Batch Editor
File Edit View SPM BasiclO ¥
D &
Module List Current Module: Fit Diffusion Tensor =
Fit Diffusion Tensor <-X DTl images <-X M OSt l m porta nt
Diffusion directions (bvec) : 3x4 double] ff .
b-values (bval) 51000 1000 2000 °
Reorientation Matrix 3x3 double DI USOI n Data
?egion of interestimage (or done for none) o b |
itting algorithm rdinary least squares ° -
Fit defaults Va ues
.write fitted DWI images. Ng A b VeCtO I’S
. Write all eigenvectors and eigenvalues. -
. Write Freiburg Tractography format NO
. Normalisation factor 4
. Confidence interval for robust fitting. 03
. Smoothing of the residuals 16
. Reqularization for robust fitting 0.0001
. Write weights NO
. Plotting weights NO
. Smoothing kernel [333]
Write brain mask NO
Estimate Kurtosis tensor NO
Condition number theshold 100000
Threshold for minimal diffusivity 1e-07
Daoxallal oxo cxononsino ALY
Current Item: DTl Images
Specity...
DTl images

Select high- and low-b-value images.

32
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O SPM12 (69086): Graphics
File Edit View Insert Tools Desktor Window SPM Figur Help ~

{M} method:
ols: ordinary least square
- wils: 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? 33



Universitgtsklinikum | Robust tensor fitting for

Hamburg-Eppendorf

spinal cord DTI

Based on Zwiers,
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« The diffusion tensor model in the SPM language

* 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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What is the DKI switch?

@) @ Batch Editor
File Edit View SPM BasiclO
D >
Module List Current Module: Fit Diffusion Tensor
Fit Diffusion Tensor <X Diffusion directions (bvec)

b-values (bval)

Reorientation Matrix

Region of interestimage (or done for none)
Fitting algorithm

Fit defaults

. Write fitted DWIimages.

. Write all eigenvectors and eigenvalues.
. Write Freiburg Tractography format

. Normalisation factor

. Confidence interval for robust fitting.

. Smoothing of the residuals

. Regularization for robust fitting

. Write weights

. Plotting weights

. Smoothing kernel

Write brain mask

Estimate Kurtosis tensor

Condition number theshold

Threshold for minimal diffusivity

Parallel programming

Current Item: Estimate Kurtosis tensor

=

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

3 3::§ / DKI switch

NO
*YES

Specity...

Estimate Kurtosis tensor

If the DKI option is on, the output artguments will additionally include:

-mean (MK), perpendicular (Kper), parralel (Kpar) kurtosis, and axonal water fraction (AWF)

The constrained ols Kurtosis fitting model has been used in Mohammadi et al., Front. Neurosci., 2015 and is based on the

method presented in Tabesh et al., MBRM, 2011.

Please cite Mohammadi et al., Front. Neurosci., 2015 and Tabesh et al., MRM, 2011 when using the Kurtosis code.

One of the following options must be selected:

*YES

36
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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)

AWF ols

Learn more about these DKI| metrics:
Fieremans et al., NI, 2011 37




