. L
Wy e, R L

—y—tylyr— If..lt-

DO TROMP - 2015

RN R A —

TN

Sy

N

Part 2

ANALYSIS OF DTI DATA



DTIANALY SIS STEPS (Tutorial 1):

1. From scanner format to a usable format

2. Correct distortions common to diffusion images (EP!
and eddy currents)

3. Remove any non-pbrain tissues
4, Make the gradient direction file
5. Fit the tensors

6. Check the fit of the tensors



DTIANALY SIS STEPS (Tutorial 2):

1. Standardize tensor images for normalization
2. Make population template by normalizing images
3. Register population template to MNI space

4. Produce scalar images (FA, MD, AD, RD) and check
quality

5. Run whole brain voxel-wise statistics



1. Standardize tensor images for normalization

Convert mm? to m?

Use correct diffusivity unit for DTI-TK: ==
- DTI-TK uses: 0.001 mm?/s
- Qur unitis: 1 m4/s

- Thus multiply our tensor image with factor: 10°
Remove extreme outliers

Make sure all tensors are symmetric and positive

2 mm?



2. Normalization, Why?

- Establishes a one-to-one correspondence between the brains
of different individuals; by minimizing the sum of squared
differences between each subject and the template

- Allows for:

- |dentification of commonalities and differences between
groups (e.g. patients vs. healthy individuals)

- Advantages:

- Significant clusters can be reported according to their
Euclidian coordinates within a standard space
(e.g. MNI or Tailarach)

Source: Wellcome Trust Centre



http://www.fil.ion.ucl.ac.uk/spm/doc/mfd/2009/Spatial.ppt

Normalization

Subject 1




Two-step normalization

(e.g. longitudinal or twin study)

Subject N

Subject N



2. Normalization, How?

Linear Registration: rotation

- Rigid transformation F

(rotation & translation in x, y, 2) ~—
translation

- Affine transformation
(rotation, translation, shear,
zoom in x, v, z)

Non-linear Registration:

- Diffeomorphic transformation ;
(warp)




2. Normalization, How?

Rigid transformations in 3 dimensions:

Translation Rotation

Source: Wellcome Trust Centre



http://www.fil.ion.ucl.ac.uk/spm/doc/mfd/2009/Spatial.ppt

2. Normalization, How?

Diffeomorphic transformation in 3 dimensions (2 shown):

Dark - shift laft, Light - shiftright Deformation Fiald in X Fiald Applied To Image N N aYe
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Source: Wellcome Trust Centre



http://www.fil.ion.ucl.ac.uk/spm/doc/mfd/2009/Spatial.ppt

2. Normalization, How?

Linear
Transform

awarp.img

Adapted from: ANTS Manual



http://scil.dinf.usherbrooke.ca/wp-content/courses/imn530/ants.pdf

2. Normalization, How?

Linear + Non-Linear

Transform
a.img g

b.img

.
(!

arp.img

Adapted from: ANTS Manual



http://scil.dinf.usherbrooke.ca/wp-content/courses/imn530/ants.pdf

2. Normalization, How?

DTI-TK: Mapping the subject data to the template space

Combined deformation Field:

subject space template space

Source: DTI-TK


http://dti-tk.sourceforge.net/pmwiki/pmwiki.php?n=Main.HomePage

2. Normalization, Tensors?

Volume rotation
with adjusted
Original Volume rotation tensor orientation
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/Zhang et al. (2006)



http://dx.doi.org/10.1016/j.media.2006.06.004
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3. Register population template to MNI space

+ Cross modality registration: Population FA -> MNI T1




3. Register population template to MNI space

JHU white matter atlas in MNI space

probability

— 60%
— 80%

90%
— 99%

Qishi et al. (2009)

Ay

7


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2885858/

http://www.dtiatlas.org



http://www.dtiatlas.org

4. Produce scalar images (FA, MD, AD, RD)

TVtool -in tensor.nii.gz -fa -out tensor_fa.nii.gz

AVitele
AVitele
AVitele

TENSOR

-1N
-1N
-1N

tensor.nii.gz -tr -out tensor_tr.nii.gz
tensor.nii.gz -ad -out tensor_ad.nii.gz

tensor.nii.gz -rd -out tensor_rd.nii.gz

FA MD AD

RD




4. Produce scalar images (FA, MD, AD, RD)

\ FSLView (3.1.8) - [Ortho view]

B® File Tools Window Help v/ v X

f{ N0 . ~ \' L‘In {}-
i+ N P RO 2 --“-“Mm )

x + x
x 1 ] |
' 7y Y Volumelo r
¥ | t 12t (
Intensity |0 298439
Z 173 r '3 00 1y]0.2984

Coordinate space: Scanner Anatomical O &




Human Infant Rhesus Infant

3 weeks 7 weeks 1.5 years

4 months 8 months 11 months




. Run whole brain voxel-wise statistics

- Statistical analyses of DTl scalar images in MNI space are
identical to analyses of other modalities (e.g. tTMRI/T1/PET)

- Tract-based spatial statistics (TBSS) commonly used
method due to its implementation in FSL, its issues:

- Improved normalization

tools reduce efficacy of
TBSS

Smooth

- Easy to miss effects In
smaller tracts




. Run whole brain voxel-wise statistics

Instead use:
- Statistical parametric mapping (SPM; MatlLab lbased)

- Randomise (FSL; will run non-parametric tests)

- More background on this with Jeanette Mumford



5. Run whole brain voxel-wise statistics

eTable 1. Group Differences in Whole-Brain, Voxelwise FA Values

Region Peak Coordinates Size;
(X,Y,2) (mm")
Full Sample R uncinate fasciculus* 27,42, -3 78
L uncinate fasciculus** -24, 27, 2 110
R arcuate fasciculus 41, 41, 17 135
L inferior frontal gyrus -42,21, -8 1736
Tromp et al. (2012)

x 7



http://archpsyc.jamanetwork.com/article.aspx?articleID=1356405

6. Share your data

Bl % neurosynth.org ¢

neurosynth.org

Neurosynth is a platform for large-scale, automated synthesis of functional magnetic resonance imaging

(fMRI) data.

It takes thousands of published articles reporting the results of fMRI studies, chews on them for a bit, and

then spits out images that look like this:

An automated meta-analysis of 671 studies of reward







