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B o Learning Objective

Following this tutorial, you will be able to perform an individual analysis of

regional cortical thickness.
You will learn how to load input volumes, run the end-to-end module

ARCTIC to generate cortical thickness information and display output
volumes.

Cortical thickness on WM surface Cortical thickness on GM surface

National Alliance for Medical Image Computing 9.



Prerequisites

This tutorial assumes that you have already completed the tutorial Data
Loading and Visualization.

Tutorials for Slicer3 are available at the following location:

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




. Materials

This tutorial requires the installation of Slicer3, BatchMake wrappers, the
tutorial dataset and the external modules. They are available at the following
locations:

» Slicer3 download page (Slicer nightly build)

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

» BatchMake wrapper download page (ARCTIC_BatchMake Wrapper 1.1)
* Tutorial dataset download page(ARCTIC_ Tutorial _example_1.0)
» External modules download page (ARCTIC Executables 1.1)

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. -4-




& Materials.: Tutorial dataseft

The tutorial dataset (ARCTIC_Tutorial example _1.1) is a ZIP file.

Unzip this file somewhere in your computer.

An “ARCTIC Tutorial example _1.1" 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.




Materials: External moadules

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

Unzip this file somewhere in your computer.

An “ARCTIC Executables 1.1" folder will be created, containing
executables needed to perform the cortical thickness analysis.

To add the executables as Slicer3 external modules:

- Open Slicer3

- Go to View — Application Settings —Module Settings

- Click on the “add a preset” button

- Select the “ARCTIC_Executables 1.1” folder and confirm
- Close Slicer3




B o Mafterials: Atlas

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).




Prerequisifes

Add the executables in the PATH.

-tcsh usage : setenv PATH ARCTIC-Executables-Directory:Slicer3-Plugins-Directory:Slicer3-Bin-Directory:${PATH}
-bash usage : export PATH=ARCTIC-Executables-Directory:Slicer3-Plugins-Directory:Slicer3-Bin-Directory:${PATH}

Notice : To execute ARCTIC within Slicer3D, it is not necessary to add "Slicer3D-Bin-Directory” and "Slicer3-Bin-
Directory"” in the PATH.

Set ARCTIC environment variable

-tcsh usage : setenv BatchmakeWrapper_Dir Batchmake-Wrapper-Directory
-bash usage : export BatchmakeWrapper_Dir=Batchmake-Wrapper-Directory

WITH:
ARCTIC-Executables-Directory/ : Downloaded folder (ARTIC_Executables_1.1)
Slicer3-Plugins-Directory/ : Directory containing Slicer3 plugins
Nightly build version : “Slicer3Dir”/lib/Slicer3/Plugins
Slicer3-Bin-Directory/ : Directory containing Slicer3 binary files
Nightly build version : “Slicer3Dir”/lib/Slicer3/bin
Batchmake-Wrapper-Directory/ : Downloaded folder (ARTIC_Batchmake_Wrapper_1.1)




Prerequisifes

Set Slicer libraries variable

-tcsh usage : setenv SLICERLIBPATH “Slicer-nightly-build”/lib

setenv LD_LIBRARY_PATH
${LD_LIBRARY_PATH}:${SLICERLIBPATH}/BatchMake:${SLICERLIBPATH}/omModuleDescriptionParser:${SLICERLIB
PATH}/FreeSurfer:${SLICERLIBPATH}/GenerateCLP:${SLICERLIBPATH}/GenerateLM:${SLICERLIBPATH}/IGT:${SLIC
ERLIBPATHY/igtl: ${SLICERLIBPATH}/InsightToolkit:${SLICERLIBPATH}/ITKCommandlO:${SLICERLIBPATH}/KWWidget
s:${SLICERLIBPATH}/LoadableModule:${SLICERLIBPATH}YMGHImagelO:${SLICERLIBPATH}/ModuleDescriptionParse
r:${SLICERLIBPATH}YMRML:${SLICERLIBPATH}YMRMLIDImagelO:${SLICERLIBPATH}/OpenIGTLink:${SLICERLIBPAT
H}/Python/lib:${SLICERLIBPATH}YQdec:${SLICERLIBPATH}/RemotelO:${SLICERLIBPATH}/Slicer3:${SLICERLIBPATH}/
SlicerlO:${SLICERLIBPATH}/tclap:${SLICERLIBPATH}/TcITk/lib:${SLICERLIBPATH}/Teem-
1.10.0:${SLICERLIBPATH}/vtk-5.2:${SLICERLIBPATH}/VtKITK:${SLICERLIBPATH}/vtkTeem

-bash usage : export SLICERLIBPATH="Slicer-nightly-build”/lib

export
LD LIBRARY_PATH=${LD LIBRARY_PATH}:${SLICERLIBPATH}/BatchMake:${SLICERLIBPATH}/bmModuleDescriptio
nParser:${SLICERLIBPATH}/FreeSurfer:${SLICERLIBPATH}/GenerateCLP:${SLICERLIBPATH}/GenerateLM:${SLICER
LIBPATH)/IGT:${SLICERLIBPATHY/igtl:${SLICERLIBPATH}/InsightToolkit:${SLICERLIBPATH}/ITKCommandIO:${SLICE
RLIBPATH}YKWWidgets:${SLICERLIBPATH}/LoadableModule:${SLICERLIBPATH}MGHImagelO:${SLICERLIBPATH}/M
oduleDescriptionParser:${SLICERLIBPATH}/MRML:${SLICERLIBPATHYMRMLIDImagelO:${SLICERLIBPATH}OpenIG
TLink:${SLICERLIBPATH}/Python/lib:${SLICERLIBPATH}/Qdec:${SLICERLIBPATH}/RemotelO:${SLICERLIBPATH}/Slic
er3:${SLICERLIBPATH]}/SlicerlO:${SLICERLIBPATH}/tclap:${SLICERLIBPATH}/TcITk/lib:$3{SLICERLIBPATH}/Teem-
1.10.0:${SLICERLIBPATH}/vtk-5.2:${SLICERLIBPATH}/vtkITK:${SLICERLIBPATH}/vtkTee

WITH:
“Slicer-nightly-build” : path of Slicer nightly build in your computer




~3DSlicer
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Pipeline Overview

All the tools used in the current pipeline are Slicer3 modules, some of
them being UNC external modules. The user can thus perform a regional
cortical thickness analysis on an individual subject within Slicer3.

Two different modes can be used, depending on the input images:

« Raw images (T1-weighted, T2-weighted, PD)
» Tissue segmentation label image

-12-



/"" b 3pslicer
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@BDSHCH

Input images

What you need...

Raw images

Segmented image

National Alliance for Medical Image Computing
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& Pipeline Description

If T1-weighted Image If Tissue Segmentation Label Image

If no Parcellation If Atlas Parcellation

If Case
Parcellation




= 3DSlicer

Pipeline Description

1. Tissue segmentation
Module : itkEMS (UNC Slicer3 external module)

2. Regional atlas deformable registration
3.1. Skull stripping
Module : SegPostProcess (UNC Slicer3 external module)
3.2. Deformable registration of T1-weighted atlas
Module : Registerlmages (Slicer3 module)
3.3. Applying transformation to its parcellation map
Module : ResampleVolume2 (Slicer3 module)

3. Sparse and asymmetric Cortical Thickness
Module : CortThick (UNC Slicer3 module)

4. Statistics
Modules : ImageMath, ImageStat (UNC Slicer3 external modules)

5. Mesh Creation
Module : ModelMaker (Slicer3 module)

6. Mrml scene Creation

-17-



Pipeline Description

Tissue segmentation (itkEMS external module)

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 caill
imperfection

Input_T1-Image.nrrd Image_corrected EMS.nrr  Image_labels EMS.nrrd
d
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& Pipeline Description

Skull Stripping (SegPostProcess external module)

This step is performed using the previously computed tissue
segmentation label image.

Image_corrected EMS.nrr Image_corrected EMS_stripped.nrrd
d
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Pipeline Description

Deformable registration of T1l-weighted atlas
(RegisterlImages module)

B-spline pipeline registration.
A transformation file is created and will be used by the next step.

Module link
http://www.na-mic.org/Wiki/index.php/ITK_Registration_Optimization#Pipeline_Registration

Transform FiIe.t)>

Atlas.nrr AtlasRegistered Image corrected EMS_stripped.nrrd
d
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jh

Pipeline Description

Applying transformation to the atlas’ parcellation map
(ResampleVolume2 module)

Module link :
http://slicer.spl.harvard.edu/slicerWiki/index.php/Modules:ResampleVolume2-Documentation

Transform FiIe.t)>

Parcellation.nrrd ParcellationRegistered Image corrected EMS stripped.nrrd

21-



D) o Pipeline Description

Cortical Thickness (CortThick external module)

Sparse and asymmetric local cortical thickness

2.96

3.8
2.93
4.09

3.9
4.15
4.31
3.39
2.81

L= e R A= R R R VRN SR

Image_labels EMS.nrrd

Label Average Std Dev Nb Of Elem

1.81
1.79
1.89

1.8
2.52
1.95
1.76
1.41
1.61

Regional Cortical Thickness
information

Optional Outputs

1214
2113
1128
1796
897
9

90
2772
1479




Pipeline Description

Statistics (ImageStat and ImageMath modules)

Both modules are used to generate volume information in the
following files :

- TissueSegmentationVolumes.csv
White matter, gray matter and CSF volumes.

- ParcellationMapVolumes.csv (if the parcellation image is provided)
White matter, gray matter and CSF volumes per lobe.

Notice : values are in mm
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Pipeline Description

Mesh creation (ModelMaker module)

Module link :

http://www.slicer.org/slicerWiki/index.php/Modules:Modelmaker-Documentation-3.2

Two meshes are created :
- WM__Surface.vtk

White matter mesh.

- GM_Surface.vtk

Gray matter mesh.
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Pipeline Description

Mrml scene creation

A Mrml scene is created to display all the steps of the pipeline.
There is one snapshot per step.
This Mrml scene is created to make a quality control.
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Outout and Organisation

2 BatchMake Scripts

— TissueSegmentation/
InputVolumes_corrected EMS.nrrd
: InputVolume_labels EMS.nrrd
- Input images WM/GM/CSF_Map.nrrd
- JARCTIC/ — : : :

— / — _/ Registration/
Image_corrected_EMS_stripped.nrrd
AtlasRegistered_Image_corrected_EMS_stripped.nrrd
AtlasTransform_Image_corrected EMS_stripped.txt
ParcellationRegistered_Image_corrected_EMS_stripped.nrrd

— _ﬁ,;’ CorticalThickness/

If the parcellation image is not provided:

Image_labels_ EMS_WhiteMatDistanceMap.csv

If the parcellation image is provided:

Image_labels_ EMS_WhiteMatDistanceMap_par.csv
Image_labels EMS_WhiteMatDistanceMap_par_array.csv

—_/ Stat/

TissueSegmentationVolumes.csv
ParcellationMapVolumes.csv

— ,,J Mesh/

WM _ Surface.vtk
GM_Surface.vtk

rF__J'.r‘ Input Files Directory/
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Execution within Slicer

_oad input images
Demonstration with « Raw Images »
Demonstration with « Segmented Image »
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& - Demonstration . Load the input images

“ Load

Wolure Name:  |S0E3-005-02_10_T1 hdr

Image Onigin: | | Centered — | | 2

image Orientati From File — 2- Set the image origin as « centered »
Label Map (| Single File 3- Click on « Apply » to load
| Apply 3
I
“ Load

How to load parcellation and label images?

1- Select the image in the browser

2- Set the image origin as « centered »

3- Check the « label map » button
4- Click on « Apply » to load

1- Select the image in the browser

(2 Select Violume Fle | | 1 How to load raw images (case and atlas)?

| (] Select volume File || ]

Walurme MNare;

Farcellation.gipl

Image Origin:

Centered —

Image Orientatio

From File —

' Lakel hap

Single File

Apply
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Demonstration in Slicer

 Load input images

 Demonstration with « Raw Images »

* Demonstration with « Segmented Image »
* Parcellation option

« Advanced parameters
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B @l = e T BIEL

& ~=~Demonstration : "Raw Images” &=
% nput 1
“ ARCTIC 3

Farameter set = j

Status Idle

=

* Jnput 1 ; Raw Images

TI-Weighted Image | pyope  —
1- Select the « ARCTIC » module (in All Modules) To-Weghted Inage [ hone

PD-Weighted Image | pone  —

2_ Add the Tl-WEIghted |mage Image Drientatinn|HAI

3 I Tizsue Segrientation Atlas Directory

|

|C]
=

) . . Segmentation Atlas Type W] T T2
3- Set the Tissue Segmentation Atlas Directory for the Sagmentation s Crentation [l
tissue segmentation "IN e e
“ Dutput
4_ Set the OUtpUt dlreCtOI’y Cortical Thickness on W Boundary | pope l:j

Cartical Thickness on GM Boundary | pope  —

;

. . . 4 —— .
5- Set a prefix which will be added to all the outputs - lﬁl Gl vl |
“ Parcellation
6- Click on the « Apply » button to process the data N

Atlas Farcellation Image | pope —

d

Atlas Image | pope

;

AtlasiParcellation Orientation |HAI

™ Advanced Tizsue Segmentation Farameters

¥ advanced Skull Stripping FParameters

™ Advanced Atlas Registration Parameters

Default ‘ Cancel KS | Apply | _.f




osicer JOmonstration : “Raw Images”
Input 1

= ARCTIC

Verifications / Options

1- If available, set the T2 and/or PD-weighted images
to improve the tissue segmentation

2- Set the images’ orientation if it is different than the
default value

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

4- Set the images’ orientation if it is different than the
default value

5- Set the output images to be displayed in Slicer
(« Create a new volume » instead of « None »)

Parameter set = ;‘

Status Idle

* Jnput 1 : Faw Images

Ti-Weighted Image M i

T2-Weinghted Irnage | |é
1 Maone — =]
PD-Weighted Image ‘_-l
2 Image Orientation IHAI

I155Ue EEQI’I’IEHE&EIDH EE o EII’ECEDI’!.I‘ ”_—I

3 Segmentation Atlas Type [W] T1 T2
4 Segmentation Atlas Orientation |HAI

¥ Input 2 : Segmented Image

= Dutput

5 Cortical Thickness on Wh Boundary | pope -

Cortical Thickness on GM Boundary | plone  —u |

il

Cartical Thickness Results Directary

1D Nurnker I

* Parcellation

Case Parcellation Image | pone

Atlas Parcellation Imnage M

Atlas Image | pope  —

AtlassFParcellation Orientation |HAI

™ Advanced Tissue Segmentation Parameters

* Advanced Skull Stripping Parameters

¥ Advanced Atlas Redistration Parameters




Demonstration in Slicer

 Load input images

* Demonstration with « Raw Images »
 Demonstration with « Segmented Image »
 Parcellation option

* Advanced parameters

-34-



IEI EI Modules: ARGTIC _.| EI EI EI
osddemonstration : ‘Segmented Image” (B wsice -

Input 2 -
.' Help & Acknowledgemernt
“ ARCTIC
Parameter set | spcTIC l:j
. Status Idle
1- Select the « ARCTIC » module (in All Modules) e
“ Inhput 2 : Seamented Image
2- Set the tissue segmentation label image and check 2 Tisue Segmentation mage | one — |2
the related tissue labels Ll | =
Grey Matter Label |2 o
CSF Label |3 =
3- Set its raw image (T1-weighted, T2-weighted, PD- 3 Fow mage | fone — |2
weighted) and change the orientation if necessary Orientation [Fal
* Output

Cortical Thickness on W Boundary | pope -

:

4- Set the output directory

Cortical Thickness on Gk Boundary | pjone

L
| Lol

4 I Cortical Thickness Results Directory Lu-

1D Murnber H
5 | |

5- Set a prefix which will be added to all the outputs

* Parcellation

6- Click on the « Apply » button to process the data Case Farcelition image [ o

Atlas Parcellation Imadie | pone

Atlas Image | pone

L

AtlaziParcellation Orientation |Fi.£'-.|

¥ Advanced Tissue Segmentation Farameters

™ Advanced Skull Stripping Farameters

¥ Advanced Atlas Registration Parameters

Diefault Cancel |6  apply




“ ARCTIC

@ sosiicer  Jemonstration . "Segmented Image”

> Input 2 Farameter set | ARCTIC =
Status Idle
T Input 1 ; Faw Images
Options ~ |rput 2  Segmented Image
Tiszue Segmentation Image | pore =
1- Set the output images to be displayed in Slicer Whits Matter Label I :
(« Create a new volume » instead of « None ») Grey Matter Lakel [2 :

C5F Label |3 =

Faswe Image | plone

Orientation |RAl

= Dutput

1 Cortical Thickness an Wk Boundary | pjope

Cortical Thickness an GK Boundary | pjope

Cortical Thickness Results Directory |:|
10 Murnker

“ Parcellation

Caze Farcellation Image | plone

Atlas Parcellation Image | pope

Cortical Thickness on GM

Cortical Thickness on WM
Boundary Atlas Image | pope

Boundary

AtlasfParcellation Orientation | Ral

¥ Advanced Tissue Segmentation Parameters
¥ Advanced Skull Stripping Farameters

¥ Advanced Atlas Registration Farameters

Default Aaply



/"" 3DSlicer

Demonstration in Slicer

 Load input images

* Demonstration with « Raw Images »

* Demonstration with « Segmented Image »
* Parcellation option

* Advanced parameters
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& Parcellation options

Parcellation options
If you want to perform a lobar cortical thickness analysis, choose between the two
possibilities

a- Add a parcellation image which is defined in the input coordinate space (« Case
Parcellation Image »)

b- Add the atlas raw image and its parcellation, defined in the atlas coordinate space
((( AtIaS Parce”atlon Image ») LUl LILa] T ILRE G2 T IE3ILDY L GLLL Y |J—I

[T Murnber |

* Parcellation

Cc- Change the orientation if

yours is different than the A | Case Parcellation Image | pope - i I
default value. —£
Atlas Farcellation Image |
b e | hone - =
-é'utla.ﬁ |I'|'|E|.l§lE.' Nl:lrle P— | ﬁ

C |atlasiParcellation Orientation | Rl

¥ Advanced Tissue Segmentation Parameters

B TP A, Al Clenll Shvivmamitmees Dmemene b

-38-




/"" % 3DSlicer

Demonstration in Slicer

 Load input images

* Demonstration with « Raw Images »

* Demonstration with « Segmented Image »
 Parcellation option

 Advanced parameters
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~3DSlicer

Advanced paramefters

Tissue segmentation parameters

a- Filter options: specifies smoothing parameters prior
to the segmentation

b- Priors weighting the tissue classes for the
segmentation
C- Atlas warping options:
- No atlas warping:

- Unchecked by default: atlas to subject B-Spline
registration is performed
- Checked: atlas to subject affine registration is
performed instead of the warping

- Grid size X,Y,Z: grid controls points for atlas
warping

Skull stripping parameters

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

Atlas registration parameters
a- Different initialization methods

* Advanced Tissue Segmentation Parameters

Filter Iterations |1 0

L

Filter Time Step |0.01 C

Filter Method W] Curvature flow Gracd aniso diffusion

W Global spacia pror scanng

G global spacial prior scalling |1
CSF global spacial prior scalling |0.7 C

Other global spacial prior scalling |1 |ﬂ

Maximurn Bias Degree |4 |ﬂ

Mo atlas warping
Giricl Size () |5 '
Gricl Size () |5 i
Gricl Size (Z) |5

= Advanced Skull Stripping Farameters

A | Mazk Dilation H

= advanced Atlas Registration Farameters

Initialization MNone

Landma || ImageCent 9] Centers Ofhd:
a Gecondbomer
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Example with tutorial dataset

 Load input images
* Run ARCTIC

National Alliance for Medical Image Computing
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3DSlicer
y

Load input Images

tadules: I | Valumes

&l [&]

@ 2DSlicer

¥ Help & Acknowledgement

“lnmEE|

“ | oad

P—
[ | (L] Select Wolumne F|Ie| I

Image Origin: | From Ale  — |

Image Orientatin From File -

Lakel Map Single File

| Apply

Active Wolurme:

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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3DSlicer

& Load input image

Open Volume File

IENES
< M v W N name Size Modified time
[5) bahysibs ARCTIC-Results Fri Dec 12 10:25:58 2008

() DTI_caudate_Fiber T pediatric_T1_RAlLgipl 24,577 KB Fr Dec 12 10:21:31 2008
[ DTI_CC_Fiber 3

[ longitudinal
[ lost+found
() mjomier
8 5 people
| cascio
|5) Freesurfer
I5) gimpel
I youttard
B |5 mathieuc
B [ ARCTIC
[ ARCTIC_Batchmake Wrapper
(3 ARCTIC_Data
) ARCTIC_Exec
[ ARCTIC_ReadMe

i 1
=] ARCTIC Tutoral example
; ARCTIC-Results
| Data
|2) Tutorial_example

[C2) BrainParcellationAtlas-pediatric-T1-Ral
[ BrainsegaAtlas-pediatric-T1-RAl

5]
e —i—l
File mame: | I Oen

Files of type: |VOIume [ j | Cancel

A new window ‘Open Volume File® is now open. Select the

« ARCTIC Tutorial _example» directory. Select the « pediatric_T1 RAlLnrrd »
file in the Data directory and click on « Open »,

National Alliance for Medical Image Computing -44-
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et

Load input images

IEI IEI Modules: Valumes — IZI III IEI c

@ 3DSlicer

'~ b & Adknowligement Now, select the Image Origin as
gy « Centered ».

(L] Select valurme File

Wolurne Mame:  [pediatric_T1_Ralgipl And CIICk on « Apply .
Irnizgge Origin: | Centered — |
Image Elrientatiul Fram Fle  —u

Lakel Map Single File

| | Apply |-|

Active Wialurne:

Ll

- .
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& e Load input Images

& &)

@ 3DSlicer

¥ Help & Acknowledogemnent

tadules: Valumes p— 4 e i

The first image is now loaded.

= Load

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

[_7] Select olume File

Volurne Mame: |pediatrin:_T1 _Ralgipl

Image Origin: | Centered

Image Orientatid Fom Fle -

Lakel Map Single File

Apply

Active Wolurme: pediatric_T1_Ral.gipl

4




B e Load input images

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 one.

The atlas image, named « template-stripped.nrrd » is in the « pediatric-
atlas-4years-sym-T1-RAl » directory.
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Load input images

& &)

I
@ 3DSlicer

¥ Help & Acknowledgemnent

tladules: Valumes — 4 b - e |

Now we will load the parcellation

— image.
I—I Click on the « Select Volume File »
] Select Volume Fi button to load the parcellation.

“iolure Marmne: |

Image Origin: | Centered  —

Image Ovientatic Feom Fle -

Lakel Map Single File

Apply

Active Wolume; template.qipl

4k
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Load input Images

Open Volume File

O - N Name Size
[C5) mjomier amygdalaleft.gipl 8,679 KB Fri Dec 12 12:15:27 2008
3 3 people amygdalaRight.gipl 8,879 KB Fri Dec 12 12:15:28 2008
|5) cascio areq_par.txt 1 KB FriDec 12 12:15:26 2008
|5) Freesurfer caudateLeft.gipl 8,679 KB Fri Dec 12 12:15:29 2008
) gimpel caudateRight.gipl 8,879 KB Fr Dec 12 12:15:29 2008
() gouttard hippocampus Left.gipl 8,879 KB Fr Dec 12 12:15:30 2008
= ) mathieuc hippocampus Right.gipl 8,679 KB Fr Dec 12 12:15:31 2008
= ) ARCTIC latVentricleLeft.qgipl 8,879 KB Fri Dec 12 12:15:32 2006
=) ARCTIC_Batchmake Wrapper latventricleLeftMask.gipl 8,679 KB Fri Dec 12 12:15:33 2008
[ ARCTIC Data latVentricle Mask.gipl 8,879 KB Fri Dec 12 12:15:34 2006
) ARCTIC_Exec latventricle Right.gipl 8,879 KB Fri Dec 12 12:15:35 2008
) ARCTIC_Readide latventricle RightMask.gipl 8,679 KB Fri Dec 12 12:15:36 2008
B [ ARCTIC_Tutorial Dataset pallidus Left.gipl 8,679 KB Fri Dec 12 12:15:37 2008
B ) ARCTIC_Tutorial_example i i i i 215: 08
[5) ARCTIC-Results Parcellation.gipl 8,879 KB Fri Dec 12 12:15:1 2908 |
[ Data mRensaliotionsloioloitie——— e ieheaskdab il anlS-2 0§
[5) Tutorial_example putamenLeft.gipl 8,679 KB Fri Dec 12 12:15:39 2008
|5) BrainParcellationAtlas-pediatric-T1-RAl putamenRight.gipl 8,679 KB Fri Dec 12 12:15:39 2008
= 1= template.gipl 8,879 KB Fri Dec 12 12:15:40 2008
ediatHc-atlas-dvears-sym-T1-RAl
() Paray
=) ribes
[ styner
[ vachet
= = =

File rarne: |Parcel|atinn.gipl

L’T

= |__conoel |
A new window ‘Open Volume File’ is now open. Select the « pediatric-atlas-
dyears-sym-T1-RAl » directory . Select the « Parcellation.nrrd » file and click

on « Open » .

Files of twpe: |anume 4]
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3DSlicer
Z

Load input Images

“ Load

(7] Select Wolume File

Wiolume Mame: |F'arn:ellati|:|n.gipl

Image Origin: | Centered

Image Orientatic From Fle -

| Label Map Single File

Aetive Wolurne:

template. gipl

|l

Now, select the Image Origin as
« Centered ».

Then, check the « Label Map »
case to load the parcellation as a
label image.

And click on « Apply ».
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3DSlicer

Load input Images

& [&]

tadules: Lalumes —

V2] E

@ 3DSlicer

¥ Help & Acknowledgement

= |Load

(] Select Walume File

violume Mame:  |Parcellation.gipl

Image Origin: | Centered  —

Image Orientatio Feom Ale

Lakel Map Single File

Apply

Active Wolume:

Farcellation.gipl

4

The dataset is now loaded.

You can check it in the « Active
Volume » widget while displaying
the 4 images.
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Example with tutorial dataset

* Input images loading
 ARCTIC execution
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yd

& Module execution

m»
Z R y
N

* ARCTIC
1 Farameter set | ARCTIC |ﬁ
1- Select the « ARCTIC » module (in All LCE
Modules) * Input 1 Raw Images
. . 2 | Ti-Weighted | it - |§
2- Set the T1-weighted images FlnTec Ttk | pedlatric_T1_RAl.gill — |-1
(pediatric_T1 RAL.gipl) To-Weighted Image | pore s "%
3- Cllck.on the « Tissue Segmentation PO-Weighted mage | e s "é
Atlas Directory » button |
Image Orientation | Ral
Tizsue segmentation Atlas Directn:url.l:l
Segrentation Atlas Type [W] T1 T2
segmentation Atlas Orientation | Ral
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L

Modadule execution

Select Directory

<) M 1=

) mjomier
= ) people
|) cascio
| Freesurfer
I gimpel
I gouttard
B I3 mathieuc
B [ ARCTIC
Iy ARCTIC _Batchmake Wrapper
) ARCTIC_Data
Iy ARCTIC Exec
) ARCTIC_ReadMe
() ARCTIC_TutorialDataset
|5y BrainParcellationAtlas-pediatric-T1-RAl

A new window is now open to
select the tissue segmentation
atlas.

Search and select the
« pediatric-atlas-4years-sym-
T1-RAI/» folder.

Click on the « OK » button to
confirm.

National Alliance for Medical Image Computing
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& Module execution

1- Select « Create a new volume » to

display output images

2- Click on the « Cortical Thickness Results

Directory » button

* Output

1 | Cortical Thickness on Wh Boundary

Cortical Thickness on GM Boundary

=

Mahe

=

&l
b
4l
b
Cartical Thickhess Results Directnryl@

D Mumkber
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Module execution

1- Set the prefix for the outputs.

“ Dutput

Cortical Thickness on WM Boundary

Cortical Thickness on GM Boundary

Cortical Thickness Results Directory (] ARCTIC-Results

1

Mone —a

[l | L fle

Mone —

D Mumnber |ARCTIC tuto
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B e Moaule execution

Select Directory — o=

L O-Grag
[ gouttard
B ) mathieuc
B ) ARCTIC
[ ARCTIC_Batchmake Wrapper
[ ARCTIC_Data
|3 ARCTIC_Exec
) ARCTIC_ReadMe

B [ ARCTIC_Tutorial_example
=) ARCTIC-Results

—rir
B ) Tutorial_example
B |y ARCTIC-Results

) itkEMS

|3 Registration
[ BrainParcellationAtlas-pediatric-T1-RaAl
[y Brainsegatlas-pediatric-T1-RAl
| pediatric-atlas-Jdyears-sym-T1-Ral

Select the « ARCTIC-Results » folder in
the ARCTIC Tutorial _Example directory

| swe || conce | Click on the « Save » button to confirm
your choice.
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= Module execution

“ ARCTIC

Farameter set | apcTIC l:i

Status Idle

* Jhput 1 : Raw Images

1- Add the « Parcellation.gipl » as Atlas Parcellation
Image, and the « template-stripped.gipl » as Atlas
Image

2- Click on the « Apply » button to start the process.

T1-Weighted Imag3| pediatric_T1_Ralgipl  — ||%

T2-‘eighted Image | pope  —

FD-eighted Image | pone

e [p

:

Image Orientation |RAl

Tissue Segmentation Atlas Directu:urg.-'| ([0 pediatric-atia.. rs-sym-T1-Ral

Segmentation Atlas Tvpe [®] T1 T2

Segmentation Atlas Orientation |HAI

¥ Ihput 2 : Segmented Imace

* Output

Cortical Thickness on "Wh Boundary | pone -

Cortical Thickness on GM Boundary | pjope

Cortical Thickness Results Directory | (L] ARCTIC-Results

D Mumber |ARCTIC tuto

* Parcellation

Case Parcellation Image | pone  — |

tlas Parcellation Image| Parcellation gipl  — |

1

aRpnn| nn

Atlas IMade | template gipl —l|

AtlaziParcellation QOrientation |HAI

Advanced Tissue Segmentation Parameters

Advanced Skull Stripping Parameters

Advanced Atlas Registration Parameters

Default Cancel 2 Aaply



& - Module execution

Once the execution is finished, several images are displayed within Slicer. You
can compare your images with the following ones to perform a quick quality
control.

Cortical Thickness on WM Boundary Cortical Thickness on GM Boundary
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/"" b 3pslicer

Overview

Ipeline overview

2- Input images

3- Pipeline description

4- Ouput images and organisation
5- Execution within Slicer

6- Example with tutorial dataset
/- Command line execution

I
Y
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Use the command line

« Raw Images » Mode

Global analysis
ARCTIC --T1 Image T1.nrrd --segAtlasDir TissueSegmentationAtlasDirectory/

Lobar cortical thickness analysis

If the atlas raw image and its parcellation are provided:

ARCTIC --T1 Image T1.nrrd --segAtlasDir TissueSegmentationAtlasDirectory/
--atlas Atlas.nrrd --atlasParcellation Parcellation.nrrd

If the case parcellation image is provided:

ARCTIC --T1 Image_T1.nrrd --segAtlasDir TissueSegmentationAtlasDirectory/
--caseParcellation CaseRegisteredParcellation.nrrd
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Use the command line

« Raw Images » Mode

Complementary flags

-T2 Image T2.gipl / --pd Image PD.gipl : T2 and/or Pd-weighted image(s) can be added to
improve tissue segmentation

--orientation RAI : if the orientation of your file(s) is different than the default value (RAI), add
this flag to set the right orientation

--atlasOrientation RAI : if the orientation of your atlas/parcellation is different than the default
value (RAI), add this flag to set the right orientation

--segAtlasOrientation RAI : if the orientation of your tissue segmentation atlas is different than
the default value (RAI), add this flag to set the right orientation

--atlasType T1 : if the type of your tissue segmentation atlas is different than T1 (default value)

--outputDir output directory/ : if you want to select the output directory, add this flag and indicate
the path an existing folder

--SaveWM WMCorticalThicknessMap.gipl / --SaveGM GMCortical ThicknessMap.gipl : those
flags are used to save a volume with information of the average cortical thickness on WM/GM
boundary(ies), the fleName needed is a path with the name of the output volume
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Use the command line

« Segmented Image » Mode

Global analysis
ARCTIC --label TissueSegmentationlmage.nrrd --rawlmage Image T1.nrrd

Lobar cortical thickness analysis

If the atlas raw image and its parcellation are provided:

ARCTIC --label TissueSegmentationlmage.nrrd --rawlmage Image T1.nrrd
--atlas Atlas.nrrd --atlasParcellation Parcellation.nrrd

If the case parcellation image is provided:

ARCTIC --label TissueSegmentationImage.nrrd --rawlmage Image T1.nrrd
--caseParcellation CaseRegisteredParcellation.nrrd
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Use the command line

« Segmented Image » Mode

Complementary flags

--WMLabel 1 /--GMLabel 2/ --CSFLabel 3 : if your label are different than the default value

--outputDir output_directory/ : if you want to select the output directory, add this flag and
indicate the path an existing folder

--rawlmageOrientation RAI : if the orientation of your files is different than the default value
(RAI), add this flag to set the right orientation

--atlasOrientation RAI : if the orientation of your atlas/parcellation is different than the default
value (RAI), add this flag to set the right orientation

--SaveWM WNMCorticalThicknessMap.gipl / --SaveGM GMCorticalThicknessMap.gipl : those
flags are used to save a volume with information of the average cortical thickness on WM/GM
boundary(ies), the fileName needed is a path with the name of the output volum




Conclusion

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

Thanks to this tutorial you are now ready to perform a regional
cortical thickness analysis on your own dataset.
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