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/ \# DTI Registration

* This tutorial teaches you how
— Load DTI datasets & masks

— Perform a pair-wise registration to a
prior atlas via DTI-Reg
« Affine transform and deformable transform

— Save the transformed images and the
deformable transform
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fv DTI Population Atlases 1L

* Definition of standard
space

« SNRincrease
» Better tractography

Neonate 1 year

Rhesus (15mo)

2 year Adult
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a2 «
f v Dataset ']

.

For this tutorial you will need some DTI data
files that can be found on this link :
http://hdl.handle.net/1926/1759
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R -
Linux/Mac users : Visleairna
Launch the Slicer R ——

executable located in =

aaaaaaaaaaaaaaaaa

the Slicer4 directory =

mmmmmmmmmmmmmmmmmmmmm

eeeeeeeeee

Windows users :

Select Start-2>All
Programs—->Slicer4.0.1->Slicer

Or launch the Slicer executable
from Slicer4 directory
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Aa
v Loading DTI Atlas !

B T R e

& 3D Slicer 4.0.1
Edit View Help

oy 3 ] G
%L Load Scene Crl+0 B Nrrd Converter | & | == Q O {D @ © G A _é VA ot t ¥ || Persistent Ha 5o v
% Import Scene i = = = -
e® ML
Download Sample Data | vt
S S

%] Add Transform [
&y Save ctrl+s n []

Slicer Data Bundle iR I f I I k n fI I l I l I l

Close Scene Ctrl+w |

Exit 1
Status

[ ] n I |
Input Dicom Data C:/Users/Djib/Docun I \
N

Output Directtory C:/Users/Djib/Docun l l

O m e S -
Output Filename NrrdOutput.nrrd
Small Gradient Threshold | g, 2

¥ Qutput Options

Default Cancel Apply

¥ Data Probe

B e I I I I I SIS S
i) 10:33AM
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Loading DTI Atlas

/ 4

3D Slicer 4.0.1

S B [ Modules: . |Welcome to Slicer 2\ - S HEA w QD @ A 4 7

@ 3DSlicer
Welcome

‘0‘ $ v | Persistent B » 4~

[Gistay Load DICOM Data | [oacy Load Data
s: Customize Slicer wnload Sample Data
®: C ize Sli Download S: le D:
e 0O 0 Open
» About __| Lookin: ‘[“_‘|/Users/stynerlDesktoplDalasetIAduItAlIas o ‘ QOO0 @ @
» The Main Window ﬁ_‘k styner " AdultAtlas_BrainMask.nrrd
" AdultAtlas.nrrd
» Loading and Saving
= M Genuvik
» Display | P LeftArcuate.vik
> Mouse & Keyboard P RightUncinate.vtk
— P splenium.vik
» Documentation & Tutorials
» Acknowledgment
File name: | AdultAtlas.nrrd
Files of type: \ All (.hdr *.nhdr *.nrrd *.mhd *.mha *.vti *.nii *.gz *.mgz *.img *.pic *.dem *.im; & \‘W‘
ance!
AdultAtlas Centered lgnore Ori ion LabelMap
Options:
¥! Single File
Select the AdultAtlas.nrrd volume
L
F
—— 5
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J . I »
Loading DTI Atlas Mask !

3D Slicer 4.0.1
?%’.& Modules: | & Data s -vev“) Q@o% z{\_a Z. ‘O‘t'
@® Bl

@ 3DSlicer

4

» Help & Acknowledgement |

1806
¥ Display & Modify Scene -
— Look in: U /Desktop/D; =
i e [ 000 REE
S g D
cene O B Acutaties_BrainMask.nm
Defavl'll‘l‘SceneCamera "1 AdultAtlas.nrrd

= B Genuvik

= P LeftArcuate.vik
P Rightuncinate.vtk
_ B splenium.vik

Scene Model: | Transform
Display MRML ID's
Show Hidden nodes

silter:

File name: | AdultAtias_BrainMask.nrrd

Files of type: | All (*.hdr *.nhdr *.nrrd *.mhd *.mha *.vti *.nii *.gz *.mgz > i=g—pIC ".d =< s
‘ x Cancel
ultAtlas BrainMask Centered lgnore Orientd{on ¥ LabelMap
Options:
¥ Single File

» Load & Add Scenes Or Individual Datasets

¥ Data Probe

Load AdultAtlas BrainMask.nrrd label map
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v Adjust View I

* Adjust view to see both mask and atlas
1. Link all 3 viewers
2. Opacity change
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Loading DTI dataset @

* File Menu =>Add Volume (or use
from previous tutorial)

» DiffusionDataset_Step2
* Load DTINRRD .. . I

Look in: [C] Users/styner/Desktop/Dataset/DiffusionDataset Step2 | 2 | Q) © © \I/l [E] @
/i\ styner " dwiDataset_BrainMask.nrrd
[ owiataset DT

(L] | o £

Options:

TSN
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Loading DTI dataset mask [l

* File Menu =>Add Volume (or use
from previous tutorial)

 DiffusionDataset Step2
 Load BrainMask

. Labell\/lap checkbox

National Alliance for Medical Image Computing http.//na-mic.org Slide 11



=N

i Overlay DTI datasets 1Ll

 How can we check alignment?
* Overlay the DTl images!

1. Select AdultAtlas for Foreground
2. Set Opacity to 0.5
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Bad alignment: 2 separate corpus callosum
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Select DTI-Reg Module Gl

(@ votumes " QO INPO e AD - [

« Slicer modules .= | R

DICOM
A Data

1. Diffusion oo

| Ko Scene Views

4 Transforms

= “1 View Controllers
. I I I e S : @ Volume Rendering
& Volumes
Welcome to Slicer

[»)

4

—
atiof DTl *
3. DTI-Reg T
Informatics 4 &
Registration »
. . : Segm(_e_malion 4
 Pairwise DTI | —
4 DTIPrep
J IGT 4 DWI to Full Brain Tractography
Filtering ¢ Denoising 4
. . __|  Surface Models » FiberAnalysis »
re I S ra I O n — Converters G Tractography » /
Endoscopy L 4 DTI-Reg
Utilities L = Diffusion Tensor Estimation
= Developer Tools »j000 5 m Diffusion Tensor Scalar Measurements
m O d u I e Legacy > Mask from Diffusion Weighted Images
ay Testing * Resample DTI Volume
Yellow Green
11100 |3
- |
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Volumes for Registration .|

ﬁ & Modules: | DTI-Reg Sl -. c. ‘)” o w QO & .

@®

1. Fixed Volume = &

‘ » Help & Acknowledgement

Target of :

[

Status Idie
n L] [~ nputs
—
registration = ——- e 4 il
| )
Moving DTI Volume [ dwiDataset DTl 2 2 N
|+ Optional input mask volumes
a S Fixed Mask Volume | None s
Moving Mask Volume | None 3
| ¥ Registration type

L]
2 M OVI I I VOI u I I Ie Compulationed method @ useScalar-BRAINS () useScalar-ANTS |
/
. BRAINS Registration Type y

None Rigid S/
Affine BSpline / 4
— Diffeomorphic FastSymmetricForces /
- a a S e ¢ Demons
ANTS Registration Type None Rigid 1
Affine @ GreedyDiffeo
SpatioTempDiffeo
¥ Outputs
Output DTI Volume None 2\
Outbase for ANTS L B
‘ Default Cancel Apply ‘
| v Data Probe h
L
F
B
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Set Masks for Registration L.

¥ DTI-Reg E
Parameter set: | DTI-Reg s |
Status Idie
¥ Inputs |

L1

Fixed DTI Volume | AdultAtlas

1 . Set F ixed M aS k Moving DTI Volume [ dwiDataset DT

¥ Optional input mask volumes

to Atl a S M a S k —) Fixed Mask Volume | AdultAtlas_BrainMask 1]’

Moving Mask Volume | dwiDataset_BrainMask 2

2 S t M . ¥ Registration type
- e OV I n g Computational method @ useScalar-BRAINS () useScalar-ANTS
BRAINS Registration Type None Rigid
M a S k to @ Affine BSpline

<4

4

4

Diff i i
d . D t t o BRAINS Registration type: None, Rigid, Affine, BSpline, Di
wibalase e s
ANTS Registration Type None Rigid
Affine @ GreedyDiffeo
a S k SpatioTempDiffeo
¥ Outputs
Output DTI Volume None a

Outbase for ANTS =
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Iy Set Transform to Affine Al

. . v DTI-Reg |2
» Set registration :

transform to Affine - _
* Re g i St rati O n i S ¥ Optional input mask volumes :
p e rfo rm e d i n 2 Fixed Mask Volume | None

Moving Mask Volume | None

Ste p S ¥ Registration type

Computational method @ useScalar-BRAINS () useScalar-ANTS

® F u t u re Ve rS i O n S . a I I BRAINS Registration Type None Rigid
I n 1 Ste p Demons

ANTS Registration Type None Rigid

® If yo u h aVe AN TS gg:o — @ GreedyDiffeo
pre'inSta”ed => ¥ Outputs

Moving DTI Volume | dwiDataset_DTI

212

212

Output DTI Volume None =
Se I e Ct it ' Outbase for ANTS [v
" Default Cancel Apply
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/ A} Select Outputs

* Create & rename
volumes for output

1. Affinely registered
DTl dataset 77—

2. Affine transform ="
* Apply to run & wait

Sp None

AdultAtlas

— dwiDataset_DTI
Output DTI Volume

Rename current DiffusionTensorVolume
BRAINS Create new DiffusionTensorVolume

Delete current DiffusionTensorVolume
Volume [ NOTE: T

¥ Registration type

Computational method @ useScalar-BRAINS () useScalar-ANTS
BRAINS Registration Type  ~ None Rigid
@ Affine BSpline
Diffeomorphic FastSymmetricForces
Demons
ANTS Registration Type None Rigid
Affine @ GreedyDiffeo
SpatioTempDiffeo

¥ Outputs

Output DTI Volume Output DTI Volume i
Outbase for ANTS

<

Output Transform File for BRAINS | Output Transform File for BRAINS 2

4

Output Deformation Field Volume | None =
fixed FA Volume None s
moving FA Volume None s
Resampled FA Volume None s

» BRAINS registration parameters

» ANTS registration parameters

Default | Cancel

Apply
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/ v Registration

* Many pairwise methods exist

* DTI-Reg supports several registration
methods based on calibrated FA image

«  Affine, B-spline, Demons-variants from within
Slicer

« ANTS as external call (necessitates ANTS
installation)

* Future versions will also support DTI-TK
— Registration based on full tensor
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f v Affine Results

« Select DTI-Reg result as

background

* Result: single corpus

callosum, but fuzzy,

insufficient registration

@@\H %\
| 4

§ & & {

| Axial % X -

~

None

v

0.50 = [ | Aduitatias

F
v
FN
v
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fv Deformable Registration 1L

1 C h 1 Fixed DTl Volume | AdultAtlas =

" a n g e m OVI n g S Moving DTI Volume | DTIdata_AffineRegAtlas 1]_ :
VO I u m e to affi n e I y ¥ Optional input mask volumes

Fixed Mask Volume | AdultAtlas_BrainMask =

re g i Ste re d d ata Moving Mask Volume AdultAtias BrainMask 2

¥ Registration type

2 C h a n g e I I l OVi n g Computational method @ useScalar-BRAINS useScalar-ANTS

BRAINS Registration Type None Rigid

mask to atlas mask o Dieamoric B Favopnmercraes

3. Change registration weo  OMm

to Diffeomorphic S |
( D emons ) Output DTI Volume DTidata_DeformToAtlas &}

Outbase for ANTS

Output Transform File for BRAINS | AffineTransform_DTldataRegAtlas

| |
4 . Ad d D efo rm atl O n 2 Output Deformation Field Volume | Deformation_DTldataAffineRegAtias 5

fixed FA Volume None

volume outputs moving FA Volume

OO0 O
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f v Deforma

ble Results 'j

« Select DTI-
backgrounc

Reg deformable result as

 Result: No

onger fuzzy, great registration
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f? Save Outputs and Done Gl

=
i

Save all volumes and transform
— Need: Affinely registered volume &

Deformation field

e OO0 th Save Scene and Unsaved Data
@ @]
R
v Node Name Node Type Node Status File Format File Name Data Directory
1 (Scene Description) (SCENE) Modified + Slicer4.0 P /Users/styner/Desktop/Dataset/DiffusionDataset-Reg
2 dwiDataset_DTI DiffusionTensorVolume Not Modified ‘NRRD (.nrrd) 4 dwiDataset_DTl.nrrd /Users/styner/Desktop/Dataset/DiffusionDataset_Step

3 dwiDataset_BrainMask

4 AdultAtlas_BrainMask

1

Volume Modified ‘ NRRD (.nrrd)
Volume Modified ‘ NRRD (.nrrd)
DiffusionTensorVolume Not Modified ‘ NRRD (.nrrd)
DiffusionTensorVolume Modified ‘NRRD (.nrrd)
LinearTransform Modified ‘ Transform (.tfm)
orVolume Modified ‘ NRRD (.nrrd)

DiffusionTensorVolume Modified ‘ NRRD (.nrrd)

Destination for all selected: | F¥ /Users/styner/Desktop/Dataset/DiffusionDataset-Reg ‘

O O 0

4

‘dwiDataset BrainMask.nrrd

AdultAtlas_BrainMask.nrrd
AdultAtlas.nrrd
DTldata_AffineRegAtlas.nrrd
AffineTransform_DTldataToAtlas.tfm
Deformation_DTldataAffineToAtlas.nrrd

DTldata_DeformRegAtlas.nrrd

9 /Users/styner/Desktop/Dataset/DiffusionDataset-Reg

9 /Users/styner/Desktop/Dataset/DiffusionDataset-Reg

9 /Users/styner/Desktop/Dataset/AdultAtlas

9 /Users/styner/Desktop/Dataset/DiffusionDataset-Reg

P /Users/styner/Desktop/Dataset/DiffusionDataset-Reg

9 /Users/styner/Desktop/Dataset/DiffusionDataset-Reg

9 /Users/styner/Desktop/Dataset/DiffusionDataset-Reg




fv Conclusions @

» DTI registration is available in Slicer

« 2-step process currently, to be
Improved soon

* Brainmasks are needed (unless data
is skull stripped already)

 This tutorial taught you how to
register to an atlas

— Next step: how to use the atlas for fiber
base analysis
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