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Learning Objective

Following this tutorial, you will be able to run UNC external modules,
within Slicer3 or using command lines, in order to perform a regional
cortical thickness analysis.

You will learn how to load input volumes, perform a tissue segmentation
(tkEMS), register a parcellation map  (skull-stripping -SegPostProcess-,
atlas registration -Register Images-, applying the transformation to the
parcellation image -ResampleVolume2-) and compute sparse and
asymmetric cortical thickness  (CortThick).




Learning Objective

How to perform a regional cortical thickness step by step?




Prerequisites

This tutorial assumes that you have already completed the tutorial
Data Loading and Visualization . Tutorials for Slicer3 are available
at the following location:

e Slicer3 tutorials
http://www.na-mic.org/Wiki/index.php/Slicer3.2: Training




B o Materials

This tutorial requires the installation of Slicer3, the tut orial dataset and the
external modules. They are available at the following locat ions:

« Slicer3 download page (Slicer 3.2)

http://www.slicer.org/pages/Downloads

 Tutorial dataset download page(ARCTIC_Tutorial _example_1.0)
» External modules download page (ARCTIC Executables 1.0)

http://www.nitrc.org/projects/arctic/

« Atlas download page(UNC Pediatric_Brain_Atlas)

http://www.insight-journal.org/midas/item/view/2277

Disclaimer: It is the responsibility of the user of Slicer to comply with both the terms
of the license and with the applicable laws, regulations, and rules. -5-




Materials: Tutorial dalaset

The tutorial dataset (ARCTIC_Tutorial example _1.0) is a ZIP file.

Unzip this file somewhere in your computer.

An “ARCTIC_ Tutorial example 1.0" folder will be created,
containing:

A pediatric case: T1-weighted and T2-weighted images.

 An “ARTIC-Results/” directory, in which results of the tutorial
example will be saved.




B o Materials: External modules

The executables are in a ZIP file (ARCTIC _Executables 1.0 linux32/64) .

Unzip this file somewhere in your computer.

An “ARCTIC_Executables 1.0 _linux32/64” folder will be created, containing
executables needed to perform the cortical thickness analysis.

To add the pipeline as a Slicer3 external module :
- Open Slicer3
- Go to View — Application Settings —Module Settings
- Click on the “add a preset” button
- Select the “ARCTIC_Executables 1.0" folder and confirm
- Close Slicer3




Materials. Aflas

The atlas and its related files are in a ZIP file (UNC_Pediatric_Brain_Atlas) .

Create a “pediatric-atlas-4years-sym-T1-RAI” folder somewhere in your
computer.

Unzip the ZIP file in this new folder.

The “pediatric-atlas-4years-sym-T1-RAI” folder will thus contain the atlas
and its related files.

You can then unzip all the images (gunzip command).




Tuforial Overview

A-Tutorial example with dataset

1- Load the dataset in Slicer

2- Tissue segmentation : itkEMS

3- Registration : SegPostProcess, Registerimages, ResampleVolume?2
4- Cortical thickness : CortThick

B-In depth tutorial

1- Load images

2- Use ItkEMS for tissue segmentation

3- Use SegPostProcess for skull stripping
4- Use CortThick for thickness assessment
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Tutorial Overview

A-Tutorial example with dataset
1- Load the dataset in Slicer
2- Tissue segmentation : itkEMS

3- Registration : SegPostProcess, Registerimages, ResampleVolume?2
4- Cortical thickness : CortThick

B-In depth tutorial
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Load the dataset in Slicer

fodules:

[&]
@ 30Slicer

* Help & Acknowlecgemert

Lalumes . |||E| III I

—a

Image Origin:

Label Map

| [ Select “olume F|Ie| I

From File —

Image Orientatiol From Ale  —

Single File

g
|

Al

Active Wialume:

s

In  Slicer, select the module
« Volumes » to load the input
images.

Then click on the « Select Volume
File » button to load the images.
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Load the dataset in Slicer

Open Volume File

i 1= L | Modified time | [
A =) BrainsegAtlas-pediatric-T1-RAI I i Tue Dec 2 11:29:41 2008
|C5) Brainseg#tlas-RAl 4,577 KB Mon Dec 1 10:17:21 2008
[:5) ReqCortThickPipeline_Batchmake Wrapper I - 4,577 KB Mon Dec 1 10:17:26 2008

i) ReqgCortThickPipeline_Data
B i) RegCortThickFipeline_Exec
i) ReqCortThickPipeline_1.0_linux32
|3 ReqCortThickPipeline _1.0_linux64
B (5 RegCortThickFipeline_TutorialDataset
| Data

S —
l B ) TutoHal_example I

i) Tutorial_example_gz
& Parag
) ibes
) styner
|7 vachet
[C2) ¥ushun
| processing

) autism2

[ CAN

() fragilex

) 1BIS

() lost+found

= hin

File hame: |

Files of type: I\.folurne &

A new window ‘Open Volume File’ is now open. Select the
« Tutorial_example » directory . Select the « pediatric_T1 RAIl.gipl »
file in the Data directoryand click on « Open ».
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A

B coxice Load the dataset in Slicer

S

L y
o

@ IEH Madules: volumes =i | III III @I

@ 3DSlicer

¥ Help & Acknoswledgenent

= Load Now, select the Image Origin as
||T:|Select wolurne File | K« CenterEd ».

“olurme Name; Epediatric_ﬂ _Ré&lgipl
—

Image Origin: | Centered — I And click on « Apply ”.
Image Drientatic1 wl

Lakel K

| ARty |

Active Volume:

s

™ Display

* Diffusion Editor

¥ Info

¥ Save
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Load the dataset in Slicer

IE” fadules: |

Lalumes —

@ 3DSlicer

™ Help & dcknowledgemnent

[ [ [= [e]

* Load

(L] Select Wolume File |

Irmage Origin:

Centered —

Irmacge Orientatio

From File —

Label Map

Single File

Wialurne Mame: ipediatrin:_ﬂ _RAlLgipl

Apply

Active Wolume:

pediatric_T1_Ral.gipl

s

* Dizplay

* Diffusion Editor

* Info

¥ Sawe

The first image is now loaded.

You can check it in the « Active
Volume » widget.
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Load the aataset in Slicer

Apply the same steps to load the T2-weighted and atlas images.

One can find the T2-weighted image in the same directory than the T1-
weighted.

The atlas image, named « template-stripped.gipl », is in the pediatric-
atlas-4years-sym-T1-RAl/ directory.
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Load the dataset in Slicer

&) [&]

tlodules: |

Uolumes

—i |

L]
b

c

@ 3Dslicer

¥ Help & Acknowledgement

“ Load

[ Select Volume File |

Wolurne MNarme:  [template digl

Image Origing | Centered

Image Orientatiol Feam Fle -

Lakel Map Single File

Apply

Artive Wolure:

template. gipl

an

-

Dizgalay

* Diffusion Editor

* Info

Save

Now we will load the parcellation
image.

Click on the « Select Volume
File  » button to load the
parcellation.
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3DSlicer

Load the dataset in Slicer

Q-G a

Open Volume Flle

B [T people
|53 cascio
|y Freesurfer
1) gimpel
7 gouttard
B |y mathieuc
B i) ARCTIC
|7y ARCTIC_Batchmake Wrapper
(=) ARCTIC_Data
[2) ARCTIC_Exec
I3 ARCTIC_HITRC-Update
) ARCTIC_ReadMe
B (5 ARCTIC_TutorialDataset
B [ ARCTIC_Tutorial_example
(2 ARCTIC-Results

amygdalaleft.gipl

Modified time

8,879 KB Thu Dec 18 17:43:24 2008
amygdalaRight.gipl 6,879 KB Thu Dec 18 17:43:24 2008
caudateleft.gipl 6,879 KB Thu Dec 18 17:43:24 2008
caudateRight.gipl 6,079 KB Thu Dec 18 17:43:24 2008
csf.gipl 8,879 KB Thu Dec 18 17:43:24 2008
gray.gipl 8,879 KB Thu Dec 18 17:43:24 2008
hippocampusLeft.gipl 8,879 KB Thu Dec 18 17:43:24 2008
hippocampusRight.gipl 6,879 KB Thu Dec 18 17:43:24 2008
latVentricleLeft.gipl 6,879 KB Thu Dec 18 17:43:24 2008
latVentricleLeftMask.gipl 8,879 KB Thu Dec 18 17:43:24 2008
latVentricle Right.gipl §,879 KB Thu Dec 18 17:43:24 2008
latVentricleRightMask.gipl 8,873 KB Thu Dec 18 17:43:24 2008
pallidusLeft.gipl 8,879 KB Thu Dec 18 17:43:24 2008
hallidusBi j f.A79 KB Thu Dec 18 17:43:74 2008

File rarme:

Files of type: I\."olume {*h

A new window ‘Open Volume File’ is now open. Select the
« BrainParcellationAtlas-pediatric-RAl»

« Parcellation.gipl »

directory . Then, select the
file and click on « Open » .

|) ARCTIC_Tutorial_Results Parcellation_labels.t=t 2 KB Thu Dec 18 17:43:24 2008
[ Data putamenLeft.gipl 6,879 KB Thu Dec 18 17:43:Z4 2008
B ) Tutorial_example putamenRight.gipl 8,679 KB Thu Dec 18 17:43:24 2008
=) ARCTIC-Results README.txt 1 KB Thu Dec 18 17:43:24 2008
[-5) BrainParcellationAtlas-pediatric-T1-RAl rest.gipl 8,879 KB Thu Dec 18 17:43:24 2008
i _npdiatric-T1- template-stripped.gipl 8,679 KB Thu Dec 18 17:43:24 2008
|5) pediatric-atlas-dyears-sym-T1-RAI template.qgipl G,8679 KB Thu Dec 18 17:43:24 2008
white.gipl 8,879 KB Thu Dec 18 17:43:24 2008
|) vibes / /
=] ~J gr———
|peciatric_T1_Ral gipl Open
| I Cancel
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Load the dataset in Slicer

Iﬂ IE' Wodules: Lalumes —'| III IEI

¥ Help & Acknowledenent

Now, select the Image Origin as
« Centered ».

“ |Load

| (L] Select Wolume File

Wolurne Mame: IF‘arc:eIIatin:ln.gipl

Then, check the « Label Map »
Irnage Origin: | Centered  — !
:'I case to load the parcellation as a

label image.

Image Orientatid Feom Ale o

] Lakel Map Single File

| Apply |

And click on « Apply » .

Artive Wolume: template gigpl

b

* Display

* Diffusion Editor

* Info

¥ Save
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Load the dataset in Slicer

IEI IE' odules: Volumes — |I| |I| IEI

@ 3DSlicer

¥ Help & Acknowledgemnert

=y The dataset is now loaded.

(L] Select Volume File
violume Mame:  [pediatric_T1_Fi) gipl You can check it in the « Active
Image Oigin: | Centered Volume » widget while displaying
Image Orientatid Feam Fle - the 4 |mages

Lakel Map Single File

Apply

Active Walume: pediatric_T1_RAlgipl %

* Display

¥ Diffusion Editor

* Info

™ Sawe
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Tutorial Overview

A-Tutorial example with dataset
1- Load the dataset in Slicer
2- Tissue segmentation : itkEMS

3- Registration : SegPostProcess, Registerimages, ResampleVolume?2
4- Cortical thickness : CortThick

B-In depth tutorial
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Tissue segmentation . tkEMS

 ——
IE' IEI Modules: ! HkENS = ! E |I| E‘

@ 3DSlicer

™ Help & Acknowledogernemt

= kEMS
Farameter set | = al . .
wewer = 5 Select the « itkEMS » module (in Al
Status dle
— Modules).
AWML segmentation file ’E
* |nput 2 : EMS File Creator Add the K« Tl-Welghted |mage )),
1 Weighted Image | pediatric_T1_Ralgipl — |2 « T2_We|g hted image » and « PD-
T2 Weighted M | peciatrc_T2_Ralginl — |5 weighted image » if available.
PD weighted Image | pope |%
image Drientation [Fed - Click on the « tissue segmentation
lesue Segm.entatlcun Atlazs Director ’E . at|aS d | I’eCtO ry 3 bUttOﬂ .
egmentation Atlas Type [E] T1 T2
Output Directory E

¥ Advanced EMS File Parameters

“ Options

Debgy option

hirite less

Defauit | carcel | oy | -21-




& TIsSsue segmeniation : itkEMS

Select Directory = ||O[I=
N dr 1=
= @ people A new window is now open to

| cascio . .
) Freesurfer select the tissue segmentation
I yimpel
I gouttard atIaS.
B ) mathieuc
= |5 ARCTIC
() ARCTIC_Batchmake_Wrapper Search and select the
) ARCTIC_Data : .
=) ARCTIC_Exec « pediatric -atlas -4years -sym -

ARCTIC_HITRC-Update .
2 ReTI Ronttte T1-RAI/» directory.
) ARCTIC_TutorialDataset
|=) BrainParcellationAtlas-pediatric-T1-RAl

Click on the « OK » button to
| pediatric-atlas-dyears-sym-T1-Ral .
@g: I confirm.

|y Hbes

ok | coee
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‘3DSlicer

Tissue segmentation . tkEMS

fladules: | ithEms —'| E |Z| |E|

3DSlicer

™ Help & Acknowledgement

“ RKEMS
Parameter st | jjkEMS1 i
- Fatus e Click on the « Output Directory » button.

WML segmentation file _u

“* Input 2 : EMS File Creator

T1 Weighted |m313&| pediatric_TI_Fdlgipl — ||%

T2 Weighted Ima@lﬂ| pediatric_T2_Ralgipl — H

PD Weighted Image | pone i

Image Orientation |FAl

Tizsue Segmentation Atlas Directory | (23 peddiatric-atla. . ra-sym-T1 - Rl |

Segrmentation ng
Output Directory _u

¥ Agvanced EMS File Farameters

“ Options

Debug option
WWrite less

Default Cancel Aaply




&~~~ TISsue segmentation : tkEMS

Select Directory

B () mathieuc A new window is now open to select
B @ ARCTIC the output direct
[y ARCTIC_Batchmake WWrapper e ou pU Irec Ory'

() ARCTIC_Data

| ARCTIC_Exec
3 ARCTIC_NITRC-Update Select the « ARCTIC-Results »

. Eiﬁg:g‘ﬁﬁﬁﬁnma directory in the Tutorial example

[ ARCTIC_Tutorial_example folder.
() ARCTIC_Tutorial_Results

Click on the button to « create a new
directory » . Name it « itkEMS ».

|0y BrainsegAtlas-pediatric-T1-RAI
| pediatric-atlas-dyears-sym-T1-RAl

=) Parag Tissue segmentation outputs will be
Hhes . .
ey savedin this new folder.
| Sawve || Cancel |
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A

&~ Tissue segmentation : itkEMS

Select Directory = [[O[=

N Y=,
I3 gouttard
B ) mathieuc
= ) ARCTIC
| ARCTIC_Batchmake_Wrapper
[ ARCTIC_Data
|y ARCTIC_Exec
() ARCTIC_HITRC-Update
) ARCTIC_ReadMe
B ) ARCTIC TutorialDataset
| ARCTIC_Tutorial example
() ARCTIC_Tutorial Results
I3 Data
B ) Tutorial_example

Now, select the new directory
(tkEMS).

Click on the « Save » button, to
confirm your selection.

| BrainParcellationAtlas-pediatric-T1-Ral
| Brainsegftlas-pediatric-T1-Ral

| Save | I Canicel |

National Alliance for Medical Image Computing _25.-



Tissue segmentation . tkEMS

todules: | ikEMS —'| E |I| |E| @

EE

@ 3DSlicer
4

¥ Help & Acknowledgemernt

= ItkEME
Farameter set | jjkEpms1 j
Status Idle
“ Ihput
“ML segmentation file IE

* Input 2 : EMS File Creator

T1 Weighted 'mag3| pediatric_T1_Ralgipl — ||%

T2 Weighted |m3g3| pediatric_T2_FAlgpl — H

PO Weighted Image | pore j

Image Orientation |HAI

Tizsue Segmentation Atlas Directurg.-'| |:|pediatric-atla...rs-sg.rm-T1-HAI|

Segmentation Atlas Type [®] T1 T2

Output Directary [ itkEMS

* Advanced EMS File Farameters

* Options

Debug option
‘Write less

All the parameters have been set. One
can use this screenshot to check if

everything is set properly.

Click on the « Apply » button to
perform a tissue segmentation.
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&~ [TIssue segmentation : tkEMS

Two outputs, located in the itkEMS directory, will be used by the next step and thus
need to be loaded: the tissue segmentation label image (labels_ EMS) and the

T1 weighted corrected image (corrected EMS).

Load these images by selecting the « itkEMS » directory , and choose the two files

one by one.
Open Volume File = || =]
YoM 1> : /|
B ) people EM 3-Param.zml
|) cascio EMS.log
| Freesurfer J |
I5) gimpel JADH_vtkMRMLScalarVolumeNodeB_corrected_EMS . gipl
) gouttard JADH_vtkMRMLScalarVolumeModeB_labels EMS.gipl
B () mathieuc - 300 i
B ) ARCTIC JADH_vwtkMRMLScalarVolumeNodeB_posteriorl _EMS.gipl
(3 ARCTIC_Batchmake Wrapper JADH_vtkMRMLScalarVolumeNodeB_posteriorZ EMS.gipl
|3 ARCTIC_Data JADH_vtkMRMLScalarVolumeNodeB_registered_EMS.gipl
() ARCTIC_Exec JADH_vtkMRMLScalarVolumeModeB_template_affine EMS.gipl
[ ARCTIC_NITRC-Update JADH_vtkMRMLScalarvolumeNode B_template_wamed_EMS.gipl
() ARCTIC_ReadMe JADH_vtkMRMLScalarVolumeMNodeB _to JADH vikMRMLScalarVolum
3 [ ARCTIC TutorialDataset JADH_vtkMRMLScalarVolumeNodeB_to_template EMS.affine
= [y ARCTIC_Tutorial_example JADH_vtkMRMLScalarVolumeModeB_to_template EMS.hspline
|- ARCTIC-Results JADH_vtkMRMLScalarVolumeModeC corrected EMS.gipl
{3 ARCTIC_Tutorial Results JADH_vtkMRMLScalarVolumeNodeC_registered _EMS.gipl
[ Data
B () Tutorial_example
| BrainParcellationAtlas-pediatric-T1-RAI
|5) BrainsegAtlas-pediatric-T1-RAl O
() pediatric-atlas-dyears-sym-T1-Ral & "l'é: N
File name; | Open |

Files of type: E\-"u:ulume Y 3‘ Cancel | _27-



&~ TIssue segmentation . tkEMS

Select the following options to properly load the two files :

Corrected_EMS image

“ Load

Labels EMS image

“ Load

(7] Select Wolurne File

Walume Mame: |J33~D H_witk MR ML Scalartso

Image I:Irigin:l Certered —u I

Image Orientadid Feom Fle -

Lakel Map Sirgle File

Apply

(L] Select olume File

Valume Mame: | JADH_vtkMRML Scalarvo

Image ':“’i'éli"':l Centered —i I

Image Orientatic Feom Fle  —

Lakel Map Sirigle File

Apply

Set the image origin as « Centered ».

Click on the « Apply » button.

Set the image origin as « Centered ».
Check the « Label Map » box.
Click on the « Apply » button.
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Tuforial Overview

A-Tutorial example with dataset
1- Load the dataset in Slicer
2- Tissue segmentation : itkEMS

3- Registration : SegPostProcess, Registerimages, ResampleVolume?2
4- Cortical thickness : CortThick

B-In depth tutorial
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&~ Skull stripping . SegPostProcess

mndulni: | SegPostProcess —

@ 3DSlicer
v

¥ Help & Acknowledgement

<] ]2 [e]

“ SegFPostProcess

Farameter set | SeqPostProcesst _1"%

Status Idle
= |0

Input Image | JA0H_ wtkMRMLScalarvolume Mode B _labels EMS gl —

i jan

Output IMmage | SeqPostProcess Volimel  —i

™ Gaussian Filter

¥ LevelSet Based Smoothing

¥ Advanced Options

= Skull Stripping

Grayscale Image o H_wtkMRAML Scalartolumne ModeB_corrected_ EMS gipi— ‘

Mask {optional} | pope —

Dilation

:

White Matter |1
Grey Matter |2

Cerebrospinal Fluid |3

| Default | concel |

Eoply |

| ||1|1 o] Lo

Select the « SegPostProcess » module
(in All Modules)

Add the « Labels EMS » as Input image

Choose « Create a new volume » for the
output image

Add the as
Greyscale image

Click on the « Apply » button to perform a
skull stripping.

-30-



& -~ Skull stripping : SegPostProcess

Now, one has the T1-weighted stripped image as an output, being named
« SegPostProcess Volume 1 » in Slicer.

|i| -1.5234
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2 3DSlicer

Registration : Registerimages

& [E]

AEE

@ IDSlicer
v

™ Help & Acknowledgernent

* Register Imanges

Farameter set | Register Images1 — "%

Status Idle

Resample iMage | Register Images Wolumel  — "ﬁ

Fized Image | SeqPostProcess Volumel —i

nn | an

Mowing IMage | template-stripped.aipl  —

3

* Registration Parameters

Initialization

Registration

Load transform IE

Sawve transtorm |

Mone Laridma Image Cent E CentersOftd:
Secandtamet
Mone Initial Fiiggicd [®] Affine

ESplire || PipelineRigic | FipelineAffit Fipeline B Splin

Expected offset magnitude |1 0

Expected rotation maghitude |III.1

Expected scale magnitude |EI.EIS

Select the « RegisterImages » module
(in All Modules)

Add the « SegPostProcess Volume 1 »
(T1-stripped image) as Fixed Image

Add the « template-stripped.gipl » as
Moving Image

Select as
Resample image

Click on the button « Save Transform »

[a[v] [o[e] Lal] Lo

Expected skew magnitude |I:I.I:I1

™ Advanced Redistration Parameters
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Select File

|5) cascio
|5y Freesurfer
|5 gimpel
=3 gouttard
B ) mathieuc
= () ARCTIC
|y ARCTIC_Batchmake Wrapper
) ARCTIC_Data
|y ARCTIC_Exec
3 ARCTIC_MNITRC-Update
) ARCTIC_ReadMe
B [5) ARCTIC TutorialDataset
I ARCTIC_Tutorial_example
(3 ARCTIC_Tutorial_Results
= Data

I B () ARCTIC-Results

| BrainParcellationAtlas-pediatric-T1-Ral
|y BrainsegaAtlas-pediatric-T1-RAI
|y pediatric-atlas-dyears-sym-T1-Ral

) Parag

File narne: |

Files of type: |A|| Files (.3

A new window is now open to save
the transformation file.

Select the « ARCTIC-Results/ »
directory.

Click here to create a new folder and
name it « Registration ».

National Alliance for Medical Image Computing
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--2.-
& £ |
= A

s RegIstration . Registerimages

B 3 Tutorial_example
B 3 ARCTIC-Results
[y ItkEMS
i ptiemities-pediatric-T1-RAI
| BrainsegAtlas-pediatric-T1-RAI
| pediatric-atlas-dyears-sym-T1-Ral
) Parag

= | <

File: narre: |At|as_Tran3fu:urm.txt

Save

Files of type: IA]I Files {3

j | Cancel

Select the « Registration » folder.
Call the transformation file « Atlas Transform.txt »

Click on the « Save » button.

National Alliance for Medical Image Computing
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= [Reqgistration : Registerimages

* Registration Parameters

Load transform IE

Sawe transform | |7 atlas_Transform txt

Initialization More Landmart || Image Center (8] CentersOftda:
SecondMormerr
Registration Mone Initial Riicd Affine

ESpline || PipelineRigid || Pipelineaffind (8 Pipeline B Splin In the registration parameters, check
Expected offset magnitudelh:l the K« PIpElIﬂEBSpllne » bOX.

Expected rotation magnitude |III.1

Expected scale magnitude |III.IIIS

Click on the « Apply » button to
perform the atlas to case registration.

s[vf Lale] Lale] L4l

Expected skew magnitude |III.III1

Aovanced Registration Farameters

Registration Testing Farameters

* Advanced Initial Registration Parameters

= Advanced Rigid Registration Parameters

¥ Avanced Affine Registration Parameters

-

Arvanced BESpline Registration Parameters

Default Cancel Apply
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&~ Registration : Load the transform file

File

dit  Wiew

Wikdomw:

Help

Feedback

)

EI | tlodules:

Date.

= 4 b | (™™ Elseartr

@ 3DSlicer

T Haln & Acleccclacddaracet

v A

Once the registration is finished, select « File »
and « Add Transform... ».
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! (€3 igv ) v | Modified time |
) ARCTIC Data Atlas_Transform.txt 19 KB Tue Dec 3 15:30:16 2008
|3 ARCTIC_Exec
(=) ARCTIC_HITRC-Update
(=3 ARCTIC_ReadMe

B (5 ARCTIC_TutorialDataset

() ARCTIC_Tutorial_example
|53 ARCTIC Tutorial Results
o) Data
B (3 Tutorial_example
B |7 ARCTIC-Results

|5 Registration

[ ROt as -pediatric-T1-R
[C7) BrainsegAtlas-pediatric-T1-Ral

[5) pediatric-atlas-dyears-sym-T1-RAl
I Parag
|5y nibes

Fath: |J’Autismrautismfpeoplerrnathieucmﬁ CTICIARCTIC _Tutorial Dataset Tutorial _examplesAR CTIC-ResultsiRegistration
’— Transform Options ]

Mare: |

Directory: fautismiautismibecpleimathieuciAR CTICSARCTIC _Tutorial DatasetTutarial_example/4R CTIC- Results/Registration

Select the « Registration » folder.
Select the file.

Click on the « Apply » button.
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2 3DSlicer

Regqgistration : Resample VVolume 2

& [E]

@ 3DSlicer
/

T Help & Acknowledgernent

rrl-:u:lulesl | Resample Dalume 2

= njnl=

* Resample Yolume 2

Fararmeter 3’3t| Fesample volume 21— "%

Status Idle

I Input "*"":'|U""'EI Farcellation gipl  — “él
I Rieference Vaolume (To Set Output Parameters) o post Process Volume— |

Output “olurne | Resample Walume 2 Valume!  — "%

* hputfOutput

¥ FResamnpling Farameters

* Transfo
Tranaform Nodel vikMRAMLLinear TransformModed  — H

¥ Manual Transform {Only Lsed If Mo Transform Mode Set)

™ FRigidfAffine Parameters

“ Interpolation Type

Interpolation (] linear Hin WE bz

¥ Windowed Sinc Interpolate Function Parameters

¥ EB3Spline Interpolate Function Farameters

¥ Output Farameters

| Cancel | | Apply

Select the « Resample Volume 2 »
module (in All Modules)

Add the « ParcellationRAI.hdr » as Input
volume

Add the « SegPostProcess Volume 1 »
(T1-stripped image) as Reference volume

Select as
Resample image

Add the transformation file
« Atlas_Transform.txt »

Click on the « Apply » button to apply the
transformation to the parcellation map.
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& Registration

Now, one has two new images
- the atlas that has been registered : « Register Images Volume 1 »
- the parcellation map that has been registered : « Resample Volume 2 Volume 1 »

-0. 50826 -0.00045

o

Atlas Registered Parcellation Registered
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Tutorial Overview

A-Tutorial example with dataset
1- Load the dataset in Slicer
2- Tissue segmentation : itkEMS

3- Registration : SegPostProcess, Registerimages, ResampleVolume?2
4- Cortical thickness : CortThick

B-In depth tutorial
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Cortical Thickness : CortThick

B E mdules:l #IE 1=

@ 3DSlicer
v

¥ Help & Acknowledgement

“* CortThick

Farameter set | CoptThickl  — j

Status ldle

2 Jhput: Segmentation Image

Segmentation image lH_vtkMHMLScaJar\."olumeNodeB_IabeIs_EMS.c_,;,.-i “

White matter label |1
Grey matter label |2

* |nput; Separated Images

;l [3o] Lalr

‘White matter image M

Grey matter image | pone —

[afb| Lafo

:

4 (Options

I Farcellation Ima.ge| Fesample Wolume 2 valumal  — H

Cortical Thickness on WM Boundary | CortThick Yolume!  —

Sparse Cortical Thickness an Wk Boundary | pjope

Cortical Thickness on GM Boundary | CortThick volume2  —

[ [

|

:

an

Sparse Cortical Thickness on G Boundary | plone

Danielson Map | pone

White matter component

d

L4 ]lv ]

Grey matter component

Wector file

Select the « CortThick»

Modules)

module (in All
Add the « labels EMS.qgipl » as Segmentation
image

Add the « Resample Volume 2 Volume 1 »
(T1-stripped image) as Parcellation image

Select « Add a new volume » to display the
cortical thickness on WM and GM boundaries

Click on the « Output » button to select the
output directory

Boundary and Inside Cortical Thickness

| Output @

Default [ cancel | |y |
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B | mathieuc
= ) ARCTIC

=) ARCTIC_Baichmake \rapper

(=) ARCTIC_Data

5 ARCTIC_Exec

[ ARCTIC_NITRC-Update

) ARCTIC_ReadMe

E | ARCTIC TutorialDataset

(=) ARCTIC Tutorial_example
) ARCTIC Tutorial Results
|=) Data

| B ) ARCTIC-Results
]

[=) Registration
|5 BrainParcellationAtlas-pediatric-T1-RAl
|2 BrainsegAtlas-pediatric-T1-RAl

| Save || Cancel |

Select the « ARCTIC-Results»
folder

Click on the « Create a new
folder » button to create a new one

Call it « Cortical Thickness »

| Create new folder x

Enter a name for this new folder

I Folder narne: ID::rtiu:aJ Thickness I

Ok Cancel
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&~ Cortical Thickness : CortThick

] Select Directory - 0x
ve <M v 1=
|5 gouttard
B |5 mathieuc
=B ) ARCTIC

[y ARCTIC_Batchmake Wrapper
[ ARCTIC_Data
[y ARCTIC_Exec
) ARCTIC_NITRC-Update
) ARCTIC_ReadMe
E () ARCTIC_TutorialDataset
[ ARCTIC_Tutorial_example
) ARCTIC_Tutorial_Results
) Data
B 5 Tutorial_example
B [ ARCTIC-Results
) ItKEMS
= Beaistration

Fc-T1-Ral

Select the « Cortical Thickness» folder

Click on the « Save » button to save the
output directory
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® . Cortical Thickness . CortThick

“ CortThick

Farameter set | CartThicki _."%

Status Idle

* Input: Segmentation Image

Fegmentation image LOH wikMRML Scalarvolume ModeE_labelsEMS . gip— |

White matter label |1

Lal] Lol

Grey matter lakel IE

™ Input: Separated Images

* Dptions

Farcellation |'T'313'3| Resample Wolume 2 Vaolumel  — "%

Cortical Thickness on YWt Boundary | CortThick WVolumel - "%

Sparse Cortical Thickness on WM Boundary | pope  —

:

Cortical Thickness on GK Bnundarg.r| CortThick Violume2  — "%

Sparse Cortical Thickness on GM Boundary | yope  —

:

W] lafp

Daniglson Map | pope -

;

‘White matter component
Grey matter component
Wiectar file

Boundary and Inside Cortical Thickness

Click on the « Apply » button to perform
a cortical thickness analysis.

Cortical thickness results will be stored in
the « Cortical Thickness » directory.
Those are « .csv » files which can be
opened using a spreadsheet’s software.

Cutput | [C7] Cortical Thickness |
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&~ Cortical Thickness . CortThick

Now, one has two new images
- Cortical thickness on white matter boundary: « CortThickVolume 1 »
- Cortical thickness on gray matter boundary: « CortThickVolume 2 »

-0.50526

Cortical thickness on WM boundary Cortical thickness on GM boundary
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Tutorial Overview

A-Tutorial example with dataset

B-In depth tutorial

1- Load images

2- Use ItkEMS for tissue segmentation

3- Use SegPostProcess for skull stripping
4- Use CortThick for thickness assessment

National Alliance for Medical Image Computing
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Load input iImages

File  Edit  Wiew Window  Help  Feedback

&[]

adules:

Valumes

= |

@ 3DSlicer

¥ Help & Acknowledgement

1

“ Load

| [C] Select Walume File |

2

Yolurne Mare: |

Imace Qrigin: From File —
Imnaie Drientati51 From File —

Lakel Map Single: File

| Aply

Artive Wolurne: |

E

¥ Display

¥ Diffugion Editar

¥ Info

¥ Sawve

aoElEE

¥

4

OVERVIEW

1- Select the « Volumes » module

2- Load all the files you need for the
analysis (cf. Slide « Utilisation : What
you need ... »)
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Load input images

“ Load
(] Select Violume File | | 1 How to load grayscale images (case and atlas)?
Volurme Name:  (S083-005-02_10_T1 hdr
Image Origin: | | Centered —i | | 2 1- Select the image in the browser
Image Orientatic From Fle  — 2- Set the image origin as « centered »
Label Map (] Single Fle 3- Click on « Apply » to load
Apply 3
.
“ Load
How to load parcellation and label images? | (1 Select Volume File | 1
violurne Marne: | Parcellation.gigpl
1- Select the image in the browser mage Origin: || Centered s | | 2
2- Set the image origin as « centered » Image Orientaticl From Fle
3- Check the « label map » button 3| @ Label Map | 171 Single Fie
4- Click on « Apply » to load sy 4

_48-



Tutorial Overview

A-Tutorial example with dataset

B-In depth tutorial

1- Load images

2- Use ItkEMS for tissue segmentation

3- Use SegPostProcess for skull stripping
4- Use CortThick for thickness assessment

National Alliance for Medical Image Computing
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&~ Tissue segmentation : itkEMS

Overview

Probabilistic atlas-based automatic tissue segmentation via an
Expectation-Maximization scheme. ItkEMS also performs an
Intensity inhomogeneity correction of the input image that removes
gradual variations in the image intensities mainly due to RF coill
imperfection

Input_T1-Image.qgipl Image_corrected_EMS.gipl Image_labels_EMS.qgipl
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&~ Tissue segmentation : itkEMS

itkEMS needs an XML file as an input. The Slicer3 module has been
updated in order to create such a file.

One has thus 2 choices :

- Load the XML file to execute the module.

- Create the XML file within Slicer3 and execute the module.
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&=~ Tissue segmentation : itkEMS

Input iImages
What you need...

Execute with an existing XML file Create the XML file and execute
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&~ Tissue segmentation : itkEMS

Execution with an existing XML file

EI@ madules:lﬁ IIIIEI |

@ 3DSlicer

b 1- Select the « itkEMS » module (in All Modules)

* thEMS

mrmeslner <21 2- Add the XML with the browser

Status Idle

= Input

2 [ amememnne 3| 3- Click on the « Apply » button to process the
.' Input 2 ; EMS File Creator data

¥ Advanced EMS File Parameters

¥ Options

Default | concel | 3 l spply |
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= 3DSlicer

Tissue segmentation : itkEMS

i tdodules:

ithEMS =

!.'I!f 3DSlicer

X Helir & Acknowledgement

J [ ][= [

* [KEMS

¥ Input

Parameter set | HKEMET - JEL:
| PR SO b |

Status Idle

* Input 2 : EMS File Creator

2

T Weighted IMage | 5083-005-02_10_T1 ket — H

T2 Weighted Image | pone j
PD Weighted Image | pone ||:=l
3 Irmagge Orientation |HIP
4 Tizsue Segmentation Atlas Directory [ pecliatric-atias-T1
5 I Segmentation Atlas Type W] T1 T2
6 Output Directory | |2 itkEMS-output
¥ Advanced EM3 File Parameters
T Options
Default ‘ Cancel 7 Aaply

XML file creation and execution

1- Select the « itkEMS » module (in All Modules)

2- Add the available images for the segmentation (the
set of three isn’'t needed)

3- Check that the atlas has the same orientation than
the input images

4- Set the Tissue Segmentation Atlas Directory for the
tissue segmentation

5- Check the tissue segmentation atlas type (T1-
weighted or T2-weighted image)

6- Set the output directory

7- Click on the « Apply » button to process the data
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@&~~~ Tissue segmentation : itkEMS

Advanced OptiOﬂS (these will only need to be adjusted rarely)

= Anvanced EMS File Parameters

Dutput Imagge Format E GIFL

Filter [terations (10

Filter Method [W] Curvature flow

Meta

Analyse Mrrdd

|

Grad anizo diffusion

Filter Time Step |0.01

W global spacial prior scalling |1 3

GM global spacial prior scalling |1

CSF global spacial prior scalling |IZI.?

Other global spacial prior scalling |1

Maximurn Bias Degres |4

N atlas warping

Grict Size (%) |5

Gridt Size (¥) |5

Gricd Size (2} |5

[o[e] La[w] Lalv| [T Juale] [ale] [ole] Le[v] Lelof fale

= Options

Debug option
Write less

Tissue segmentation parameters

-- Choose the format of the output images

-- Filter options: specifies smoothing parameters
prior to segmentation

-- Priors weighting the tissue classes in the
segmentation

Execution options
-- Debug option : Display debug messages during proc

€SS

-- Write less : Does not write filtered and correcte  d images
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Tissue segmentation : itkEMS

Output images

What you will find in the output directory...

directory/
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&~ Tissue segmentation : itkEMS

Using the command line

If XML input file available :

brainsegCLP --XMLFile EM S-Param.xml

If the XML file needs to be created :

brainsegCLP--T1 T1 Image.gipl (-T2 T2 Image.gipl --pd PD |mage.gipl) --orientation
ImagesAtlasOrientation --segAtlasDir TissueSegmentationAtlasDirectory/ --atlasType
atlasType --outputDir outputDirectory/

with « atlasType » format : T1 or T2 (default : T1)
« orientation » format like RIP, RAI, ... (default : RAI)
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&~ Tissue segmentation : itkEMS

Options Using the command line

--help : Display help menu

Tissue segmentation parameters
--debug : To display debug messages
--writeless : To not write posteriors, filtered and bias corrected images

Execution options

--AtlasWarpingOff : To perform an atlas to subject affine registration instead of the warping
--grideSizeX (or Y,Z) <int> (default : 5) : X (,2)-direction grid size for atlas warping
--maxBiasDegree <int> (default : 4): To set the maximum bias degree

--WMPrior <float> (default : 1,3) To set the white matter global spatial prior scaling
--GMPrior <float> (default : 1) To set the grey matter global spatial prior scaling
--CSFPrior <float> (default : 1,3) To set the cerebrospinal fluid global spatial prior scaling
--OtherPrior <float> (default : 1,3) To set the other matter global spatial prior scaling
--filterlteration <int> (default : 10): To set the number of filter iterations

-filterTimeStep <float> (default : 0,01): To set the filter time step

--filterMethod <Curvature flow | Grad aniso diffusion> (default : Curvature flow)
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Tutorial Overview

A-Tutorial example with dataset

B-In depth tutorial

1- Load images

2- Use ItkEMS for tissue segmentation

3- Use SegPostProcess for skull stripping
4- Use CortThick for thickness assessment

National Alliance for Medical Image Computing
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& ' Segmentation post-processing : SegPostProcess

Overview

Using a tissue segmentation label image as an input, this module can
perform a skull stripping.

Input Input Optional Output Output
Label_Image.gipl Raw_Image.gipl (here T1) Mask_Image.gipl T1_stripped_lmage.qgipl
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& = Segmentation post-processing : SegPostProcess

Input iImages
What you need...

illing Skull stripping

-61-



B osicer Segmentation post processing : SegPostProcess

IEI | odules:

SegPostProcess

| 1
@ iDSlicer

-] = e

¥ Help & Acknowledgement

3 Output Image| —i "%

Farameter seti — |i_§_
Status Idle
= |0
2 Imput Image| =1 Hi

™ Gawssian Filter

¥ LevelSet Based Smoothing

¥ Advanced Options

= Bkull Stripping

4
5

Grayscale Image | plope o %‘

Mask (optional}| rone s |2

White Matter |1
Grey Matter |2

Eerebrnsgina] Fluid |3

(@))
] e uug

Skull stripping

1- Select the « SegPostProcess » module
(in All Modules)

2- Add the tissue segmentation label image

3- Set output image to be displayed in Slicer
(« Create a new volume » instead of « None »)

4- Add the raw image to be stripped

5- If you want to display the mask used for the skull
stripping, set « Create a new volume » instead of
« None »

6- Check to apply a dilation of the mask (necessary
if the tissue segmentation has a low quality)

/- Set the related tissue labels

8- Click on the « Apply » button to process the data

Default

| Cancel | 8 Aaply
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& = Segmentation post processing : SegPostProcess

= Gaussian Filter

Advanced options

(these options should not be changed for normal pro cessing)

Do Gaussian filtering

variance of Gauss filter |1.0,1.0,1.0

* LevelSet Bazed Smoothing

Target RMS errar (0101

|

rnumber of erations ISIII

Do not perform a Level Set based smoothing

Lal»

= Advanced Options

Extract thiz label |0
Scale to isotropic pixel dimensions
Ferform an asymmetric closing operations

Enforced spacing in =,y and z direction

LIl

# ¥ and 2 directions |
Lo Linear interpolation for reslicing

Do not perform a closing

|00 not perform a Connected Component Labeling

Werbose mode

Gaussian Filter

-- Check to apply a gaussian filtering

-- If checked, set the variance of the gaussian filter in all 3
dimensions, either as a single value or a set of 3 (comma
separated)

LevelSet Based Smoothing

-- Uncheck not to apply a LevelSet based smoothing

-- Set the target RMS error for LevelSet smoothing

-- Set the number of iterations for the LevelSet smoothing

Advanced Options

-- Choose the label to be extracted before processing

-- Check/Uncheck buttons one wants to activate/disable

-- Set enforced spacing in x,y and z directions before any
processing (comma separated values)
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A& = Segmentation post processing : SegPostProcess

Using the command line

Skull stripping:

SegPostProcessCLP Label Image.gipl Outputlmage.gipl --skullstripping
Input_Image.gipl
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A& = Segmentation post processing : SegPostProcess

Using the command line

Skull stripping options
(if flag --skullstripping activated)

--mask Mask.gipl : To save the mask used for skull stripping

--dilate : To apply adilation of the mask before the skull stripping necessary if the tissue
segmentation has alow quality)

--WM <integer> (default : 1) : White matter intensity level

--GM <integer> (default : 2) : Gray matter intensity level

--CSF <integer> (default : 3) : Cerebrospinal fluid intensity level
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& " Segmentation post processing : SegPostProcess

Options Using the command line
--help : Display help menu

Gaussian filter options
--Gauss : To apply agaussian filter
--var <x-value, y-value, z-value> (default: 1.0, 1.0, 1.0) : Gaussian filter variance in the 3 dimensions

L evel Set based smoothing options

--noL. S : Not to perform Level Set based smoothing

--RMS <double> (default: 0.01) : To set the target RM S error for Level Set smoothing
--iter <integer> (default: 50): To set the number of iterations for Level Set smoothing

Advanced options

--label <integer> : To extract alabel before processing

--isotropic : To scale first to isotropic pixel dimensions

--asymClose : To perform an asymmetric closing operation

--noCCL : Not to perform a connected component labeling and threshold for the largest part
--rescale : To enforce spacing in the 3 dimensions before any processing

--space <x-direction, y-direction, z-direction> : To enforce spacing before any processing
--linear : To apply alinear interpolation for reslicing (nearest neighbor interpolation otherwise)
--verb : To activate verbose mode
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Tutorial Overview

A-Tutorial example with dataset

B-In depth tutorial

1- Load images

2- Use ItkEMS for tissue segmentation

3- Use SegPostProcess for skull stripping
4- Use CortThick for thickness assessment

National Alliance for Medical Image Computing
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@ Cortical Thickness (CortThick external module)
- Sparse and asymmetric local cortical thickness

This tool measures the cortical thickness of the brain, i1.e.

Overview

the distance between the white matter and gray matter at

each point.

2.96

3.8
2.93
4.09

3.9
4.15
4.31
3.39
2.81

WO 00 =] T LA s L R e

Image_labels_EMS.gipl

Label Average Std Dev Nb Of Elem

1.81
1.79
1.89

1.8
2.52
1.93
1.76
1.41
1.61

Lobar cortical thickness analysis
(csv file)

Optional outputs

1214
2113
1128
1796
897
9

90
2772
1479

GM_AvgBoundary.gipl

-68-



B .. Cortical Thickness (CortThick external module)
- Sparse and asymmetric local cortical thickness

One can choose between two modes to compute the cortical thickness,
depending on the available images:

- Use a single tissue segmentation label map as an input. This image contains
white matter, gray matter and CSF labels.

- Use two different binary images: a white matter label image and a gray
matter label image.

-69-



Cortical Thickness (CortThick external module)
Sparse and asymmetric local cortical thickness

f 3DSlicer
-

Input iImages
What you need...

Execution with a segmentation image Execution with separate WM and GM images
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3DSlicer
-y

Cortical Thickness (CortThick external module)
Sparse and asymmetric local cortical thickness

IE” adules:

e R @

1
@ iDSlicer

* Help & Acknowledgement

* CortThick
Farameter set — |l£l
— L
Status Icle
“ Ihput: Segrentation Image
2 Seamentation imane | Nope %I
3 White matter label |1 o
Grey matter label |2 =
¥ Input: Separated Images
¥ Options
“ 10
4 Cutput _u
Dre fault | Cancel | 5 || ooy |

Segmentation image

1- Select the « SegPostProcess » module
(in All Modules)

2- Add the tissue segmentation label image

3- Check if the white and gray matter label
values are those of the segmentation image

4- Select the output directory to save cortical
thickness information

5- Click on the « Apply » button to process
the data
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Cortical Thickness (CortThick external module)
Sparse and asymmetric local cortical thickness

/.,:7. : T
3DSlicer

i L
= 4
p

Separate images

IEI IE' todules: | Cortthick —1| |I| IEI |
1 I

. 30Slicer

v sk & Keknawlesgerent 1- Select the « SegPostProcess »
— module (in All Modules)
Parameter set E%
Status Ice 2- Add the white and gray matter label
7 Input: Segmentation Image images

“ Jhput: Separated Images

o | e e = JS 3- Select the output directory to save
Grey matter image | nore — |/ cortical thickness information
.' Options
“ o 4- Click on the « Apply » button to
3 | ot process the data
| oerat | [ | 4 [Coom]
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2 3pslicer

Cortical Thickness (CortThick external module)
Sparse and asymmetric local cortical thickness

Input: Segmentation Image

Ihput: Separated Images

Options

Parcellation Image | pope

[ ] 4]

Cortical Thickness on ‘Wht Boundary | pope

Sparse Cartical Thickness on Wk Boundary | pone

Cortical Thickness on GK Boondary | pore

Sparse Cortical Thickness on GW Boundary | pore

RN Ianns

Danielzon Map | pone -

White matter component

Grey matter component

Common options

[Vestar e

| Boundary and Inside Cartical Thickness

=1

Parcellation Image
Load a parcellation image to have the results by label

Cortical Thickness on WM/GM boundary
Select « Add a new volume » to display the cortical
thickness on WM/GM boundary

Rare options

Sparse cortical thickness on WM/GM boundary
Select « Add a new volume » to display the cortical
thickness on WM/GM boundary

Danielsson map
Select « Add a new volume » to display the danielsson
map on GM

Vector file
Check to write the vector file (VtkFile)

Boundary and inside cortical thickness
Check to write two images : boundary and inside
cortical thickness 3-



Cortical Thickness (CortThick external module)
Sparse and asymmetric local cortical thickness

“( J#2 3pslicer
A

Using the command line

« Segmentation image » Mode

Global analysis
CortThickCLP OutputDirectory/ --inputSeg Label Image.gipl

Lobar cortical thickness analysis
(if parcellation map is available)

CortThickCLP OutputDirectory/ --inputSeg Label Image.gipl --par Parcellation Image.gipl

National Alliance for Medical Image Computing
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Cortical Thickness (CortThick external module)
Sparse and asymmetric local cortical thickness

“( J#2 3pslicer
A

Using the command line

« Separate WM and GM images » Mode

Global analysis
CortThickCLP OutputDirectory/ --inputWM WM Image.gipl --inputGM GM Image.gipl

Lobar cortical thickness analysis
(if parcellation map is available)

CortThickCLP OutputDirectory/ --inputWM WM Image.gipl --inputGM GM Image.gipl --par
Parcellation_Image.gipl
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P
“ |MEE - 3DSlicer

Cortical Thickness (CortThick external module)
Sparse and asymmetric local cortical thickness

| Using the command line
Options
--help : Display help menu

Segmentation image mode options
--WMLabel <integer> (default:1) : White matter label
--GMLabd <integer> (default:2) : Gray matter |abel

Display options

--SaveWM WM Avg Boundary.gipl : Save the average cortical thickness on white matter boundary
--SaveGM GM Avg Boundary.gipl : Save the average cortical thickness on gray matter boundary
--SaveSparseWM WM Boundary.gipl : Save the sparse cortical thickness on white matter boundary
--SaveSparseGM GM Boundary.gipl : Save the sparse cortical thickness on gray matter boundary
--DanGM GM DanielssonMap.gipl : Save the Danielsson map on the gray matter boudary

--Vtk : Save the vector image

--Bvsl : Save 2 images : Boundary and inside cortical thickness

Connected component options
--Wc : Apply a connected component filter on white matter
--Gc : Apply a connected component filter on gray matter
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Cortical Thickness (CortThick external module)
Sparse and asymmetric local cortical thickness

/.,:7. -
-- 3DSlicer
7 y

Output Directory
What you will find in the output directory...

Output directory/
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Conclusion

Slicer3 toolkit provides an accessible and versatile platform to
conduct image processing of MRI data, in this case, regional cortical
thickness analysis using individual modules.

Thanks to this tutorial you are now ready to apply the individual
modules on your own dataset and perform a regional cortical
thickness analysis.
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