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Brain Anatomy

\White matter ~45% of the
brain

‘Myelinated nerve fibers
(~ 10 ym axon diameter)

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2012



White Matter Exploration

Diffusion MRI Analysis

Jules Joseph Dejerine
(Anatomie des cenires
nerveux (Paris, 1890-1901):
Atlas of Neuroanatomy based
on myelin stained preparation

Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Diffusion Tensor Imaging (DTI)

 First non-invasive
window on white
matter anatomy

* Measurement of the
motion of water
molecules using MRI
techniques.

* Three-dimensional
reconstruction of the
trajectory of white
matter bundles




Diffusion Weighted Imaging (DW!1)




From DWI to DTI
DWI DTI

DWI dataset acquired with DTI dataset

12 gradient and 2 baseline

¢ = § phd' D&
i =90¢€
Si: DWI volume acquired with

) ith gradient
Stejskal-Tanner (1965) ’So_thaseﬁne Jolume



Diffusion Tensor Imaging

S =8,k




Diffusion Tensor Imaging
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Diffusion Tensor Imaging
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Tractography

DTI tractography provides 3D reconstruction of the
trajectory of white matter pathways



Tutorial Outline

This tutorial i1s an
introduction to the
fundamentals of
Diffusion MRI analysis,
from the estimation of
diffusion tensors to the
Interactive 3D
visualization of fiber
tracts.

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Tutorial Dataset

The tutorial dataset DiffusionMRI_tutorialData is a
Diffusion Weighted MR scan of the brain acquired
with 41 gradient directions and one basellne

Diffusion Diffusion
Sensitizing Weighted
Gradients Images

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Tutorial Software

»

& 3 li A multi-platform, free and open source software package for
- DSlicer vxsuahzatlon nd medical mnge computmg

Download  Tutorials Reference  Feedback

e a1 NE tULOrIAl uses the
F o e % | 3DSlicer version 4.3

software available
at www.slicer.org

»Contact Us

Resources
Download

B 3D Slicer

The community of Slicer developers is proud to announce the release of Slicer 4.0. Find out more...

tent of this site is Copyright 2012 BWH and 3D Slicer contributors ess otherwise noted
act webmaster@bwh.harvard.edu for questions about the use of this site’s content
See here for more information a tt

Disclaimer

It is the responsibility of the user of 3DSlicer to comply with both the terms of the license
and with the applicable laws, regulations and rules. Slicer is a tool for research, and is not
FDA approved.

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



3DSlicer

3D Slicer is a multi-institution effort supported

by the National Institutes of Health.

Diffusion MRI Analysis

Sonia Pujol, Ph.D.

* An end-user application
for image analysis

An open-source
environment for
software development

A software platform that
IS both easy to use for
clinical researchers and
easy to extend for
programmers

NA-MIC ARR 2012-2014



Learning Objectives

Following this tutorial, you'll be able to

1) Estimate a tensor volume from a set of
Diffusion Weighted Images

2) Understand the shape and size of the
diffusion ellipsoid

3) Reconstruct DTI tracts from a pre-defined
region of interest

4) Interactively visualize DTI tracts seeded
from a fiducial



MR Diffusion Analysis Pipeline

DWI Tensor Scalar 3D
Acquisition Calculation Maps Visualization



Part 1:
From DWI images
to Tensors

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Understanding the DWI Dataset

8
&
o
o
o
[

The Diffusion Weighted Imaging (DWI) dataset is composed of
1 volume acquired without diffusion-sensitizing gradient, and
41 volumes acquired with 41 different diffusion-sensitizing
gradient directions.

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Loading the DWI Dataset

> 3D Slicer 4.2.0-2013-06-11 - a
File Edit View Help
&a &3 |Modules: 2\ Welcome to Slicer s QPO & « $ - fo S v
@ ® 1R
(zﬁfi Slicer
= 4

Welcome

sy Load DICOM Data ooy Load Data
#: Customize Slicer © Download Sample Data
» About

v

The Main Window

e First, start Slicer4

Display \

v

v

EREY S:0.00]-Y* R: 0.00 Mg/ A: 0.00

v

Mouse & Keyboard

v

Documentation & Tutorials
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Acknowledgment ¥
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Loading the DWI Dataset

£ 3D Slicer 4.2.0-2013-07-27 - g
File Edit View Help
& & -~ - Al G ; 7 = >
&3 |Modules: . |BYWelcome to Slicer : Q¥ © &« 4 ~« t~ fo 5o il = K>
ex M1 & '
A DiffusionMRI_tutorialData - =
@ Slicer “ Home Share View (7]
(3 - 1 » Libraries » Documents » Slicerd » datasets » DiffusionMRI_tutorialData v ¢ Search DiffusionMRI_tutorialData P
We I CO I I I e Favorites Name : Date modified Type
Bl Desktop || dwi.nhdr 1/30/2012 3:52 PM NHDR File KB
- & Downloads || dwi.raw.gz 0/2012 3:52 PM 5Z File KB
[Gicon; Load DICOM Data # Dropbox
: " | Recent places
# Customize Slicer ¢
3 Libraries
» About <| Documents
@' Music
E s =/ Pictures
» The Main Window B Videos

» Loading and Saving ® Conpas In your files archive, locate the

@ Local Disk (C:)

» Display file dwi.nhdr in the dataset
o folder for this tutorial

» Mouse & Keyboard
» Documentation & Tutorials

» Acknowledgment
v Data Probe

2items  1item selected 2.52 KB




Loading the DWI Dataset

&

File Edit View Help

3D Slicer 4.2.0-2013-07-27 -

&3 |Modules:

‘ £\ Welcome to Slicer

(=009 @@ v t-1E W R+ @O

‘ﬁ' 30Slicer

w

C

Welcome

| @& Load DICOM Data |

\ # Customize Slicer \

Home Share View

- 4 . » Libraries » Documents » Slicerd » datasets » DiffusionMRI_tutorialData Search DiffusionMRI_tutorialData

¢ Favorites Name Date modified Type Size

B Desktop __ dwi.nhdr 1/30/20123:52PM  NHDR File 3KB
& Downloads | dwi.raw.gz 1/30/2012 3:52 PM GZ File 66,150 KB
‘s Dropbox

=] Recent places

4 Libraries

‘ » About

3\ Documents
47 Music

‘ » The Main Window

=/ Pictures

B videos

‘ » Loading and Saving

1% Computer
&, Local Disk (C:)

‘ » Display

% manufacturing (\\nt

Drag and drop the file

‘ » Mouse & Keyboard

@i Network

dwi.nhdr onto the viewer of

‘ » Documentation & Tutorials

» Acknowledgment

the Slicer4 application

‘ v Data Probe

2items  1item selected 2.52 KB

Diffusion MRI Analysis

Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Loading the DWI Dataset

& 3D Slicer 4.2.0-2013-07-21 - g
File Edit View Help
Modules: . | B\ Welcome to Slicer Al VO ads t~ fo o, 89
@® 1 5
ﬁ Slicer
>
We | CO I I l e ! Add data into the scene ? “
- < Choose Directory to Add|/Choose File(s) to Add Show Options
[Gicony Load DICOM Data oy Loz
- - % File Description
# Customize Slicer © Download : — - -
v ...ments/Slicer4/datasets/DiffusionMRI_tutorialData/dwi.nhdr |Volume s
» About
» The Main Window

» Loading and Saving

R:0.000mm W (5

» Display
» Mouse & Keyboard

» Documentation & Tutorials

m X Cancel
4

» Acknowledgment
v Data Probe

. Exit the archive folders window,
' and click OK to load the
~dataset to Slicer



Loading the DWI Dataset

File Edit View Help

&a &a ‘Modules: . & Welcome to Slicer 3‘--(} Q9P © &« & ~ t~ CON S > )
e M1

@ 3DSlicer

Welcome i

| =% loadDICOMData | Load Data |
\ # Customize Slicer H @ Download Sample Data \
‘ » About

‘>_The Main Window
1 Slicer displays DWI
» 1 volume of the brain

‘>_M ouse & Keyboard

L]

‘ » Documentation & Tutorials

> Acknowledsment
‘ v Data Probe
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Loading the DWI Dataset

All Modules

File Edit View Help
s &3 Modules:

Z Annotations
& Data
# DICOM

id 3DSlicer P .
@ Editor

©@ Models
We I CO nﬂﬁh Scene Views

% Transforms

‘ Load DICOM Data M view Controllers

| # Customize Slicer @ yolume Rendering

‘ » About
&) Welcome to Slicer
S - -
‘ The Main Window Wizards
» Loading and Saving Informatics
Registration
N
‘ Display Segmentation
‘ » Mouse & Keyboard Quantification
Diffusion
‘ » Documentation & Tutorig
IGT
> Acknowledgment Filtering
'~ Data Probe Surface Models
Converters
Endoscopy
:; Utilities
B Developer Tools

Legacy

14

v v Vv Vv Vv VvV VvV VvV VvV VvV Vv Vv Vv v

Testing

Work in Progress »

Q@ @ @ v t-E W R+ @O

Click on the Modules
menu and select the
module Volumes

Diffusion MRI Analysis

Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Loading Dataset

File Edit View Help

Modules: ‘@Volumes :‘¥'Q"’) U O e d 4~ fo Ra | 4 80
@®

@ 3DSlicer

‘ » Help & Acknowledgement

|
\
Active Volume|dwi } The baseline image
\
|

" Volume Information Corresponds tO the DWI
Component #0.

ookup Table: rey Se|eCt the DWI
Interpolate: ¥ Component #10, which

winLevelLi(ﬁtiirpr‘ﬁ ﬁ COrreSpOndS to the 1Oth
Al diffusion sensitizing

W:771 3| Manual w/L s|L:asa 5
| gradient

‘ v Display

DWI Component:

Threshold: off (415
v Data Probe

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Loading the DWI Dataset

> 3D Slicer 4.2.0-2013-07-21

- oW

File Edit View Help
Modules: . | @ Volumes = Q0 QPO &«d t~ fm Se il > )

@ 3DSlicer

- | Adjust the Window Level editor presets
Active Volume| dwi .
with the Volume module menu

» Volume Information \

¥ Display
¥ Scalar Display

DWI Component: : 10

Lookup Table:| JF Grey

Interpolate: ¥
Window Level editor presets:

e . >
L 3 \ 4

£l

W:771 [Z{|Manual W/L

Threshold: Off sl
¥ Data Probe
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Loading the DWI Dataset

- oW

3D Slicer 4.2.0-2013-07-21

e
File Edit View Help

Modules:

@ 3DSlicer

@ Volumes " QO QPO @ 2 Bt B A L=

» Help & Acknowledgement

| Position your mouse over

Active Volume dwi

the pin icon, then click on

» Volume Information

¥ Display
¥ Scalar Display

the link icon and the fit
image to window icon

-

{10 |2

DWI Component:
Lookup Table:| JF Grey

Interpolate: ¥
Window Level editor presets:

M D

1 A:0.750mm

3 R [4] - Y & ———————— R:0.750mm
b0 2 (@) < v|Axial | dwi

W:771 [Z{|Manual W/L

Threshold:
¥ Data Probe

Off

Diffusion MRI Analysis
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Loading the DWI Dataset

File Edit View Help
&3 |Modules: ‘QVOIumes °‘-. OO PO &« @ ~

Conventional
!b> 3DSlicer
-

‘ » Help & Acknowledgement

[ Conventional Widescreen
Conventional Quantitative
Four-Up

B Four-Up Quantitative

B Dual 3D

[ Triple 3D

3D only

¥ Scalar Display ll One-Up Quantitative

DWI Component: 8 ‘ 10 :| # Red slice only
& Yellow slice only

4

Active Volume dwi

‘ » Volume Information

‘ v Display

Lookup Table:‘ B Grey :‘

:/r\]/tii::lp;vlva tL(:‘e:vel ;ditor presets: o

LUEY B @

"7 Click on the Slicer layout menu
== and select the Red slice only

layout

O Green slice only
Tabbed 3D
= Tabbed slice
B Compare »

[ Compare Widescreen 4

B Compare Grid »

[ Three over three
[ Three Over Three Quantitative

M Four over four

B Two over Two
[ Side by side
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Loading the DWI Dataset

3D Slicer 4.2.0-2013-07-21

C

File Edit View Help
B@ 'Modules: . @ Volumes " QOO «d Mt Mo Re L=

:@ 3DSlicer

» Help & Acknowledgement

4

Active Volume dwi
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4

Threshold: Off
¥ Data Probe

| Red RAS:(97.3,35.7,-0.8) Axial Sp: 1.5

L None()
F None()
Bdwi (-1, 40, 47)Out of Frame




Xxploring the DWI Dataset

C

All Modules
File Edit View Help

@ Modules:

Z Annotations

4 Data

& DICOM
@ 3DSlicer 7 Editor
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» Help & Acknowledgemen )
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module DWI to DTI

Estimation
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Exploring the DWI Dataset

3D Slicer 4.2.0-2013-07-21

7

-

File Edit View Help
@ Modules:

[ Slicer
>
» Help & Acknowledgement

¥ DWI to DTI Estimation
Parameter set:| DWI to DTI Estimation

DW!I to DTI Estimation

v 10

Input DWI Volume dwi
Diffusion Tensor Mask | None
Output DTI Volume dti

Output Baseline Volume|baseline

¥ Estimation Parameters

Estimation Parameters LS @ WLS

CRITT RTANATIA CIARUATTTAS

Restore Defaults|| AutoRun '~

¥ Data Probe

Cancel

Status:Idle
Apply

Select the module DWI to DTI
Estimation in the modules menu:

-select the Input DWI volume ‘dwi’

-select Output DTI Volume ‘Create
and Rename New Volume’, and
rename it ‘dti’

-select Output Baseline Volume
‘Create and Rename new Volume’,
and rename it ‘baseline’

-select the Estimation Parameter
‘WLS’ (Weighted Least Squares) and
click on Apply.




Exploring the DWI Dataset

e 3D Slicer 4.2.0-2013-07-21

File Edit View Help
e 8 |Modules: . DWIto DTl Estimation ¢ = Q@ © |@ @ @ @ < [ t ~| dwi

[ p—
@ 3DSlicer
4

@, baseline
‘ » Help & Acknow

None

»

® v‘Axial :
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Position your mouse
~ over the pin icon and
~ DWI to DTI Est: )
rarameter set ow S€l€CE the volume dti

10

Input DWI Volume dwi

Diffusion Tensor Mask |None

Output DTI Volume dti

Output Baseline Volume baseline
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v

Status: Completed

‘Restore DefaultsH AutoRun " Cancel ‘ Apply ‘

@ \An c

Frbnmaabian Davanaabave 1c

‘ v Data Probe
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Exploring the DWI Dataset

3D Slicer 4.2.0-2013-07-21 - o=
File Edit View Help

o

-

B& 'Modules: . DWIto DTl Estimaton *+ ™ Q © @ @ & & <

{D 3DSlicer

» Help & Acknowledgement

¥ DWI to DTI Fstimation

Parameter se Sllcer d|Sp|ayS the DTI
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meown, VOIUME In color by
oifision e Qrjentation mode:

Output DTI
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v

FeBnmaabiAn T
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Restore Defaults|| AutoRun '~
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00%

Cancel | Apply
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Diffusion Tensor Data

_ ~bgi' D¢,

Stejskal-Tanner equation (1965)

XX Xy Xz
2= 1D yX D yy D yz
D ZX D zy D zz

The diffusion tensor D in the voxel (1,J,K) is a 3x3 symmetric
matrix.



Diffusion Tensor

* The diffusion tensor D in the voxel (l,J,K) can be
visualized as an ellipsoid, with the eigenvectors indicating
the directions of the principal axes, and the square root of
the eigenvalues defining the ellipsoidal radii.

e Scalar maps can be
derived from the
rotationally invariant
eigenvalues A1, A2, A3
to characterize the size
and shape of the
diffusion tensor.

N




Diffusion Tensor Shape

M= A2= A3 AM>> A2, A3 A ~A2>> A3
Isotropic media Anisotropic media
(CSF, gray matter) (white matter)

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Exploring the DWI Dataset

> 3D Slicer 4.2.0-2013-07-21

File Edit View Help
& |Modules: . |DWI to DTI Estimation

O

“0 Q0 9O e&d 2Ot -8 = &

@®

@ 3DSlicer

» Help & Acknowledgement

¥ DWI to DTI Estimation

Parameter set:| DWI to DTI Estimation s
v 10
Input DWI Volume dwi o

Diffusion Tensor Mask |None

outont o vetume. (a5 Use the slider to browse through
Output Baseline Volume|baseline the dtl VO|Ume, and try tO IOCate
¥ Estimation Parameters the Corpus Ca"osum

FrBmaabian Davanandave 1c & VArr ¢

Status: Completed
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Restore Defaults| AutoRun ~ Cancel | Apply

¥ Data Probe
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L None()
F None()
Bdti (46, 66, 47) ColorOrientation 0




Corpus Callosum

Tela ehovicider of thivd venlricle  Posterior commissure
Intermediate mass |
Imterventricular foramen |

——
=

Corpora quadrigemina

Pineal body

/ .
Splentum

Pia mater

Rostrum
Anrerior commissure
Lawmina terminalis
Optic recess
Optic chiusma
Infundibulum

Corpus mamillare
Oculomaotor nerve

Cerebral aqueduct Choroid plexus

Iourth ventricle

Image from Gray’s Anatomy

Diffusion MRI Analysis Sonia Pujol, Ph.D.

The corpus callosum
Is a broad thick bundle
of dense myelinated
fibers that connect the
left and right
hemisphere. It is the
largest white matter
structure in the brain

NA-MIC ARR 2012-2014



orpus Callosum

1> 3D Slicer 4.2.0-2013-07-21 N x|
File Edit View Help

O

Modules: . |DWI to DTI Estimation
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@ 3DSlicer
» Help & Acknowledgement

¥ DWI to DTI Estimation
Parameter set:| DWI to DTI Estimation C
orpus Callosum

v 10

Input DWI Volume dwi

4

Diffusion Tensor Mask |None

O

Output DTI Volume dti

4

Output Baseline Volume|baseline

O

¥ Estimation Parameters
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Status: Completed
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Restore Defaults| AutoRun ~ Cancel | Apply

¥ Data Probe
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Characterizing the Size of the
tensor: Trace

Trace(D) = A+ A2+A3

*Trace(D) is intrinsic to the tissue and is independent
of fiber orientation, and diffusion sensitizing gradient
directions

*Trace(D) is a clinically relevant parameter for
monitoring stroke and neurological condition
( degree of structural coherence in tissue)

*Trace(D) is useful to characterize the size of the
diffusion ellipsoid
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File Edit View Help
Modules:

All Modules »

Z Annotations

& Data

& DICOM
@ 3DSlicer 7 Editor

@ Models

» Help & Acknowledgemen )
% Scene Views

v DWI to DTI Estimation |4 Transforms
Parameter set: DWI to DTI EE View Controllers

v 10 @ Volume Rendering
Input DWI Volume dvu@ bl
e & Welcome to Slicer
Diffusion Tensor Mask |Nc
Output DTI Volume dti Wizards ’
Informatics »
Output Baseline Volume | ba!
Registration »
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Restore Defaults|| AutoRun

Filtering »
¥ Data Probe Surface Models

Converters 4

Endoscopy 4
L Utilities »
; Developer Tools »

Legacy 4

Trace

3D Slicer 4.2.0-2013-07-21 - o=

Testing
Work in Progress »

@

Click on the Modules menu and select the module
Diffusion Tensor Scalar Measurements

4

O

4

O

Tractography Display
Diffusion Data Conversion

Diffusion Weighted Images
Tractography

Q@ «d 2 Ot -8 = |+ @B
il.D

v

3
4 Diffusion Tensor Images »|  Diffusion Tensor Scalar Measurements

> Resample DTI Volume
> Tractography Interactive Seeding
Tractography Label Map Seeding

Diffusion MRI Analysis
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Trace

'Diffusion Tensor Scalar Measurements ¢ | = @ © @ @ &« @ <« M| t- 18 = » |+~ 1@ @

File Edit View Help
s &3 Modules:

@ 3DSlicer
v

‘ » Help & Acknowledgement

ol

Type in the following information in
Parameter set:| Diffusion Tensor Scalar Measurements
— the 1O menu:

"Put Tl Volume |t * |l -select the Operation ‘Trace’
¥ Operation 'Set Input DTI V0|ume tO ‘dti’

Estimation Parameters @ Trace

Determinant -select Output Scalar Volume

ot Competes ‘Create and Rename new Volume’
100l and rename it ‘trace’

Cancel ‘ Apply ‘

~Data Probe ‘Bl -click on Apply to calculate the trace
| Red RAS:(57.0,-23.1,0.0) Axial Sp: 1.5 map of the tensor volume

L None()
F None()

B trace (26, 79, 47)0.001974

‘ v Diffusion Tensor Scalar Measurements

O

Output Scalar Volume‘trace :‘

Restore DefaultsH AutoRun "
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Trace

©
File Edit View Help
&a & Modules: .

@ 3DSlicer

I » Help & Acknowledgement

-

Diffusion Tensor Scalar Measurements +

"0 QIO &« 2 Mit-E R+ B0

@®

’ ¥ Diffusion Tensor Scalar Measiirements F

rme The trace image appears in °

~ 10 . |
e the red viewer T
Output Scalar Vqume‘trace s

I ¥ Operation

Estimation Parameters @ Trace

© Determinant

) RelativeAnientranv b

Status: Completed

lRestore Defaults” AutoRun 'l Cancel

[ v Data Probe ]
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Trace

file Edit View Help B
& |Modules: . | Diffusion Tensor Scalar Measurements ¢ | ™ @ © (@ @ @ @ <« [ ¢t~ B W 5
& Position your mouse over (e o e TmE T
” the pin icon and then )+ ~[1.00]:)8 None
""" select the “>>" icon to = @Hfh
_°™ display this table and fillin .

-0 the following information:
Input D°

o -Select the volume ‘trace’ .
-oper IN the Background viewer

“"" _Select the volume ‘dti’ in
the Foreground viewer moleted
" set the opacity of the dti """

~oaa VOlUMe to 0.40 )

Diffusion MRI Analysis Sonia Pujol, Ph.D.
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Trace

PO e«d s MOt 8w+ 1B

©
File Edit View Help

* Position your mouse within the
. region of the Corpus Callosum
» and observe the trace values in

- the Data Probe

Parameter set:\ Diffusion Tensor Scalar Measurements

“

M |
Input DTI Volume ‘dti :‘
Output Scalar Volume‘trace :‘
¥ Operation

Estimation Parameters @ Trace

Determinant

7 RelativeAnicntranv b

Status: Completed

‘Restore Defaults Cancel

~ Data Probe

| Red RAS:(-2.1,17.4,18.0) Axial Sp: 1.5

L None()
Fdti (65,52, 59)ColorOrientation 0
Btrace (65, 52, 59)0.001942
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©

Trace

&a & Modules: \‘DiffusionTensorScaIarMeasurements 3‘ 00 9O e« 2 @t~ O N Q

@®

Note how the Trace values are
fairly uniform in both white and gray
“matter, even if the tissues are
“different in structure.

Input DTI Volume ‘dti

4

Ald

Output Scalar Volume ‘ trace

¥ Operation

Estimation Parameters @ Trace

Determinant

7 RelativeAnicntranv '

Status: Completed

‘Restore DefaultsH AutoRun " Cancel ‘ Apply ‘

‘ v Data Probe ‘

| Red RAS:(17.4,-2.8,18.0) Axial Sp: 1.5

L None()
Fdti (52, 66, 59)ColorOrientation 0
Btrace (52, 66, 59)0.008211
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Scalar Maps: Fractional Anisotropy

JOu= 1) +(R = 2) + (A= 2,)
\/5\/&12+)L§+)L32

FA(D) =

*FA(D) is intrinsic to the tissue and is independent
of fiber orientation, and diffusion sensitizing
gradient directions

*FA(D) is useful to characterize the shape (degree
of ‘out-of-roundness’) of the diffusion ellipsoid’

Low FA: >High FA:




Fractional Anisotrogx

File Edit View Help
&a |Modules: ‘DiffusionTensorScaIarMeasurements ¢‘ "0 Q0 PO &« 2 O t-EwR +-EBD

!b> 30Slicer
v

‘ » Help & Acknowledgement

Fill in the following information:
-Set Input DTI Volume to ‘dti’

-Select Output Scalar Volume ‘Create ney
Volume’ and rename it ‘fa’

-Select the Operation ‘Fractional Anisotro

-Click on Apply to calculate the Fractional
Anisotropy map of the tensor volume

v 10

Input DTI Volume ‘dti

Output Scalar Volume‘fa

¥ Operation

Estimation Parameters © Trace
Determinant

RelativeAnisotropy

@ FractionalAnisotropy

Status: Completed

Restore DefaultsH AutoRun " Cancel ‘ Apply

v Data Probe
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Fractional Anisotro

File Edit View Help
Modules: Diffusion Tensor Scalar Measurements :‘ - Q. QP O &« @ ~ Bt~ fm fa | 4~ 8

V@ 3DSlicer

s

‘ » Help & Acknowledgement ‘

"~ 10

e 1N€ FAimage appears in the red
output VieWer

‘ ¥ Operation

Estimation Parameters © Trace
Determinant
RelativeAnisotropy

@ FractionalAnisotropy

v

Status: Completed

oo

‘Restore Defaults‘ AutoRun ~ Cancel ‘ Apply ‘

‘ v Data Probe ‘
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Fractional Anisotropy

1> 3D Slicer 4.2.0-2013-07-21 N x|
File Edit View Help

Modules: Diffusion Tensor Scalar Measurements = | ™ Q’ ) ! s ~ -
@ | .
«| @ | <+ v Axial T HE o B g @
{.‘\ 3DSlicer

> - - & |None

» Help & Acknowledgement @ { 0.40 -\ [@|dti
-|B|fa

v 10 }

Input DTI Volume dti

Output Scalar Volume|fa
¥ Operation

Estimat

Position your mouse over

the pin icon and click the

‘>>’ icon to display this e

o table. Set the background ﬁ‘ig;l

“ yvolume to ‘fa’ and be sure  **"
" the foreground volume is

. still set to ‘dti’ with

. Opacity at .40
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| Fractional Anisotropy

> 3D Slicer 4.2.0-2013-07-21 N x|
File Edit View Help

Modules: Diffusion Tensor Scalar Measurements +| ™ Q_ QPO &«d I:[ t~ fo Sa v Q (X]

Explore the FA values in the Corpus
Callosum and in adjacent gray matter
areas. Note how the FA values are
high in the white matter areas, and
low in gray matter regions

T uperauon

Estimation Parameters © Trace
Determinant
RelativeAnisotropy

® FractionalAnisotropy

Status: Completed
777777777777777777777777777777777777. o>

Restore Defaults| AutoRun ~ Cancel | Apply

¥ Data Probe

| Red RAS:(11.3,24.9,18.0) Axial Sp: 1.5

Fdti (56, 47, 59)ColorOrientation 0

Bfa (56, 47, 59)0.832488
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Fractional Anisotropy

> 3D Slicer 4.2.0-2013-07-21

File Edit View Help

&3 |Modules: Diffusion Tensor Scalar Measurements = | ™ Q’

:@ 3DSlicer

» Help & Acknowledgement

v 10

Input DTI Volume dti

4

Output Scalar Volume|fa
¥ Operation

Estimation Parameters © Trace
Determinant

RelativeAnisotropy

Click on the Slicer layout
. menu and select
Restore Defaults| 2 .
Conventional layout

[oRuE |

o~

¥ Data Probe

PO a«d <~ Ot -8 =i +- B0

onventional Widescreen
Conventional Quantitative
H Four-Up

B Four-Up Quantitative
Dual 3D

[ Triple 3D

3D only

lwl One-Up Quantitative

O Red slice only

& Yellow slice only

O Green slice only

Tabbed 3D

E Tabbed slice

B Ccompare

[ Compare Widescreen

B Compare Grid

H Three over three

H Three Over Three Quantitative
8 Four over four

B Two over Two

[ Side by side




Part 2:
Visualizing the
tensor data
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3D Visualization: Glyphs

£ All Modules

File Edit View Help
@ Modules:

Z Annotations

4 Data
& DICOM
:@ 3DSlicer / Editor
Markups
» Help & Acknowledgemen
@ Models

v Diffusion Tensor Scalar M % Scene Views
Parameter set:| Diffusion Ten % Transforms
~ 10 M view Controllers

Input DTI Volume dti ® Volume Renderin

Output Scalar Volume|fa

£ Welcome to Slicer

¥ Operation
Wizards »
Estimation Parameters © Tr Informatics »
D¢ Registration »
"1 Segmentation »
V7777777777778
Diffusion 4
Restore Defaults|| AutoRun IGT ,
v Data Probe Filtering N
Surface Models
L Converters 4
- Endoscopy »
B Utilities 4

Developer Tools »

3D Slicer 4.2.2-2013-08-29

Legacy
Testing 4
Q9O & d s t v @ e S

@®

vg

Work in Progress > v

Click on the Modules menu and
select the module Volumes

R:0.750mm

npleted
J100%

Apply

Diffusion MRI Analysis
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3D Visualization: Glyphs

5 3D Slicer 4.2.2-2013-08-29 - alEm

-

File Edit View Help
& 'Modules: . | @ Volumes

=0 Q0 PO «ad o H t-E W Ml |

o "= Position the mouse over the pin
- icon and select the ‘<<‘ icon to
display the axial slice toolbar.
Set the Foreground to ‘fa’ and
oy the Background to ‘dti’, with

~ Scalar Display | . the Foreground opacity set to
e —= 1.00

Lookup Table:| JF Grey

» Help & Acknowledgement

Active Volume| dwi

» Volume Information

Interpolate: ¥
Window Level editor presets:

AR £

W: 1251 [-{|Manual W/L $L:369 -

L/ N

Throchnld- Nff
v Data Probe
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3D Visualization: Glxghs

File Edit View Help
& o .
&3 |Modules: ‘@Volumes

@ 3DSlicer
w

‘ » Help & Acknowledgement

A\ctive Volume dti

ookup Table:

Interpolate: ¥
Window Level editor presets:

L

2

.

Threchnld- Nff

(= 0 Q19O @@ ¢ t-8 Rl

Set the Active Volume to ‘dti’
and the Scalar Mode to
‘ColorOrientation’

‘ ¥ Data Probe

Diffusion MRI Analysis
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3D Visualization: Glxghs

File Edit View Help
&a &a Modules: \‘OVOIumes :‘—' C O 9O «d ~ $ - O] =

@®
@ 3DSlicer
v

J
-600 H: C ! 71600 :\_

» Histogram

Scroll down the module panel and:
Opaciy: too . -Check off the option for Red, Yellow,

Slice Visibility: ¥ Red

Scalar ColorMap:

Color by Scalar: ‘ColorOrientation s

Scalar Range: [0 ———— | 255 ]

Glyph Type: ‘ Ellipsoids s
o , [a]

Scale Factor:

and Green Slice Visibility

z -oet the Color by Scalar parameter to
‘ColorOrientation’

Spacing: (]}

" -Set the Glyph Type to ‘Ellipsoids’
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3D Visualization: Glyphs

File Edit View Help

@ @ Modules: \‘OVolumes

(=0 Q|90 @@ v t-B w @

@ 3DSlicer
7

D

600 1%/

» Histogram

¥ Glyphs on Slices Display
Slice Visibility: ¥ Red

The glyphs appear in all

Opacity:
Scalar ColorMap: | H

3 slice viewers

Color by Scalar: ‘ColorOrientation

Scalar Range: ‘ H‘

Glyph Type: ‘ Ellipsoids

Scale Factor:

Spacing: (]}

v Data Probe
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3D Visualization: Glyphs

{;\
File Edit View Help

&3 |Modules: ‘@Volumes

@ 3DSlicer

71600 |-

-600 [{C
» Histogram

¥ Glyphs on Slices Display

Slice Visibility: ¥ Red ¥ Yellow

¥ Green

J11.00

Opacity:
Scalar ColorMap: |l

o 4y

Color by Scalar: |ColorOrientation

a

4

Scalar Range:

Glyph Type: Ellipsoids

4

'150.00

Scale Factor:

<[>

4

'15.00

Spacing: —(

3D Slicer 4.2.2-2013-08-29

(=00 /®0 « @/ t-1E W R+ @3

Position your mouse over the
pin icon select the eye icon
to display the axial, coronal,
and sagittal slices in the 3D
viewer

I N

e IS 0750mm [~ Y @ == R:0.750mm |
RIEAITEE R EX

& ‘ None \ T

v

5| 11.00 .[B|fa

¥ Data Probe

B| @ B

100 || & dt
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File Edit View Help

@ Modules: ‘@Volumes

g

~ Slicer displays the anatomical

\@ slices in the 3D viewer

(= 0 Q19O @@ ¢ t-8 Rl

@® g

¥ Glyphs on Slices Display

Slice Visibility: ¥ Red ¥ Yellow ¥/ Green

Opacity: 100 ||
Scalar ColorMap: |['H s
Color by Scalar: ‘ColorOrientation s ‘ ]
Scalar Range: ‘:‘E ‘ v‘
Glyph Type: ‘ Ellipsoids s ‘
Scale Factor: ‘50.00 =
Spacing: —( ‘5.00 ;!

v Data Probe
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3D Visualization: Glxghs

File Edit View Help
&3 |Modules: ‘@Volumes :‘!. Q. O. ¥ O e« d 4~ fo Ra | 4~ 3

~

' Zoom in to observe the glyphs.
* The ellipsoids represent the
. principal direction of diffusion
" (main eigenvector)

Opauiyy.
Scalar ColorMap: |l

Color by Scalar: |ColorOrientation

‘ -

Scalar Range:

Glyph Type: Ellipsoids

Scale Factor:

Spacing: —(

¥ Data Probe
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Diffusion MRI tractograghx

File Edit View Help
&a Modules: w‘QVqumes ¢‘-. C O 9O «d ~ t- @ W R4+~

@ 3DSlicer
-
-600 E: G 71600 -

» Histogram

>

Deselect the option for Red,
Yellow, and Green Slice
Visibility, and deselect the
eye icon

Slice Visibility: ' ' Red

Opacity: _———— 100 |,

Scalar ColorMap: |['H =

Color by Scalar: ‘ColorOrientation s ‘ ]

Scalar Range: ‘:E 255 ]

Glyph Type: ‘ Ellipsoids s ‘ ‘

Scale Factor: g “50.00 %{ « @ v Axia ¢ |EE @, B 3 @
Spacing: — “5.00 i! ) :‘ L ‘None s

[1.00 ;& fa

¥ Data Probe
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Diffusion MR tractograehx

File Edit View Help

&3 |Modules: ‘@Volumes

(" Q0 QI9PO «@ <« t-8 Rl

!B’ 3DSlicer
w

600 %/ 1/600
» Histogram

¥ Glyphs on Slices Display

Slice Visibility: ' ' Red Yellow Green

Opacity: 11.00

Scalar ColorMap: |l

Position your mouse over the
pin icon and change the
Foreground to ‘None’ and the

100 | background to ‘fa’

Color by Scalar: |ColorOrientation

‘ -

Scalar Range:

Glyph Type: Ellipsoids

off — 80—

Scale Factor:

Spacing: —(

<[ @) v|Axia ¢ | E &, @ 3 @

¥ Data Probe
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Diffusion

M

All Modules

File Edit View Help
&2 &3 Modules:

@ 3DSlicer
w7

‘ » Help & Acknowledgemen

“ Annotations
4 Data
# DICOM

© Models

fa Scene Views

Active Volume | dti % Transforms

‘ » Volume Information ! View Controllers

‘ ~ Display @ Volumes

¥ Scalar Display

Scalar Mode:‘ FractionalAni

Wizards
Lookup Table:‘ Grey Informatics
Interpolate: ¥ Registration
Window Level editor preset .
— — Segmentation
‘ t ' Quantification
'W:1.00 2/ Auto w/L Diffusion
- IGT
Threshold: Filtering
‘ v Data Probe Surface Models
Converters
Endoscopy
L Utilities
; Developer Tools

Legacy

@ Volume Rendering

£\ Welcome to Slicer

>

v v Vv Vv Vv VvV VvV VvV VvV VvV Vv Vv Vv v

Testing »

Work in Progress »

®

RI tractograghx

VO e d s t- @ = S
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Diffusion MRI tractograph

File Edit View Help

@ @ Modules: \‘/Editor

. Select Apply when the ‘label-
» map window’ appears, then
- switch to the Yellow slice only

v layout

Merge Volume: fa-label

» Per-Structure Volumes

= 0090 e« 2 [H t-18 ™R+ B

® = [E Conventional

[ Conventional Widescreen

B Conventional Quantitative
B Four-Up

B Four-Up Quantitative

i B Dual 3D

[ Triple 3D

3D only

[l One-Up Quantitative

AN Red slice only

‘ v Edit Selected Label Map

i Yellow slice only

Undo/Redo: « v

A ~ven TAanl. NAfAa+TAAl

O Green slice only
Tabbed 3D

E Tabbed slice

B Compare »

[M Compare Widescreen 4

‘ v Data Probe

‘ | M Three over three

[ Three Over Three Quantitative

M Four over four

A Two over Two
[ Side by side
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| Diffusion MRI tractography

3D Slicer 4.2.0-2013-07-27
File Edit View Help

&3 |Modules: 7 Editor = Q0 Q9O e« It~ R S il =
@ X =

i e R:0.750mm
“. Slicer

=4

» Help & Acknowledgement
¥ Create and Select Label Maps

Master Volume: |fa

veeevo Click on the fit to screen icon
“"" to adjust the dimensions of the

yellow slice viewer to fit the
screen

TR A R R R ™ IR

¥ Edit Sele

R| B

Undo/Redo: « v

A ~rbven TAaAl.

v Data Probe

NAfAa+TAAl




Diffusion MRI tractography

3D Slicer 4.2.0-2013-07-27
File Edit View Help

Ba B & Modules: . |~ Editor ™m0 QPO &« <« EIt-8 A 5 il = K
@® =Y &

i 7' R:0.750mm
‘b‘ 3DSlicer

» Help & Acknowledgement

¥ Create aH,J Colont i obol AA -

v O€lect the DrawEffect tool

Merge Volume: fa-label

Set...
» Per-Structure Volumes

v Edit Selected Lapel

Undo/Redo: « v

A ~rbven TAaAl.

v Data Probe

NAfAa+TAAl
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| Diffusion MRI tractography

c 3D Slicer 4.2.0-2013-07-27 e x|
File Edit View Help

Modules: . | 7 Editor = Q QIO «@ 2@t~ fn Fe a8 e
@® =Y & i R:1.500mm
{.D 3DSlicer

=4
¥ Edit Selected Label Map

+» Outline the contour of the

= « Corpus Callosum with the

o DrawEffect tool equipped and
anvet Press enter. Repeat this step
e With 3 adjacent sagittal slices

¥/ Paint Over

Threshold Paint

Apply

?

¥ Data Probe
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Diffusion MRI tractography

3D Slicer 4.2.0-2013-07-27
File Edit View Help

Modules: . | Editor = QOO «@ <« @It~ o Fa

@® =Y &

il = K

@ 3DSlicer

» Help & Acknowledgement
¥ Create and Select Label Maps

Master Volume: [fa

ver | NE tracts will be seeded from
""" the region of interest defined in
&t the Corpus Callosum area.

Undo/Redo: |« | v+

A ~rbven TAaAl.

v Data Probe

NovavaFFHFA~+

I Yellow RAS: (3.0, 38.4,-9.3) Sagittal Sp: 1.5

L fa-label (62, 38, 41) background (0)
F None ()

Bfa (62, 38, 41)0.22537

R:4.500mm
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Diffusion MRI tractography

Q

3D Slicer 4.2.0-2013-07-27 - g

All Modules »  Testing

File Edit View Help
4 Annotations Work in Progress »
B@ |Modules: v

4 Data 5w
# DICOM

@ 3DSlicer 7 EditOf
@ Models F—

» Help & Acknowledgemen ) \
% Scene Views

FiducialSeedingParameters |4 Transforms : ‘
Parameter set ™ View Controllers
v 10 @ Volume Rendering ‘

Input DTI Volume @ Volumes N

Input Fiducials, Model or La & Welcome to Slicer

Output Fiber Bundle Wizards d s
Enable Seeding Tracts Informatics ’

: Registration » —
¥ Seed Placement Options ) ‘
Segmentation 4
Fiducial Region Size Quantification > n o

Fiducial Seeding Step Size ’

DW!I to Full Brain Tractography

Seed Selected Fiducials IGT > Tractography Display
Max Number of Seeds 1 Filtering »|  Diffusion Data Conversion 4
v Data Probe Surface Models »
Converters > Diffusion Weighted Images »
) Endoscopy > Tractography 4
. Utilities » A
B Developer Tools »

Legacy 4

VO &d 2 0t 8 M 5
- Y &

-ae

1’ R:4.500mm

Diffusion Tensor Scalar Measuremghts
Resample DTI Volume

Tractography Interactive Seedin}
Tractography Label Map Seeding

Diffusion MRI Analysis

Sonia Pujol, Ph.D.

NA-MIC ARR 2012-2014



Labelmap Seeding: I/O

£ 3D Slicer 4.2.0-2013-07-27 - o Em
File Edit View Help
Modules: Tractography Label Map Seeding +| = Q 0 P O &« & ~ EL > fo Se - E Q

@® =Y & i R:4.500mm

@ 3DSlicer

» Help & Acknowledgement

-Set the Input DTI Volume to ‘dti’
-Set the Input Label Map to ‘fa-label’

-Set Output Fiber Bundle to ‘Create
and Rename New Fiber Bundle’ and
rename it ‘corpusCallosum’

¥ Tractography Label Map Seeding
Parameter set:| Tractography Label Map Seeding s

dti

Input Label Map fa-label

4 O 4

Output Fiber Bundle|corpusCallosum

¥ Seed Placement Options
Use Index Space

Seed Spacing 2.00
Random Grid

v

Status:Idle

Restore Defaults| AutoRun ~ Cancel | Apply
v Data Probe
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ROI Drawing

£ 3D Slicer 4.2.0-2013-07-27 - o IEH

File Edit View Help
Modules: . | Tractography Label Map Seeding +| ™ QO © (@ @ & & ~ O ¢t~ fa Fa, = K]

@® =Y & i R:4.500mm

@ 3DSlicer

» Help & Acknowledgement

.1 Under Seed Placement Options, check

¥ Tractography Label Map Seeding

\

Parameter set:| Tractography Label Map Seeding s Off the Opt|on for ‘Use Index Space,
10 |

Input DTI Volume |dti s

Input Label Map fa-label s

Output Fiber Bundle| corpusCallosum s

¥ Seed Placement Options

Use Index Space

eed Spacing | 2.00 |,

Random Grid -
Status: Idle

Restore Defaults| AutoRun ~ Cancel | Apply

v Data Probe
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Labelmap Seeding: parameters

> 3D Slicer 4.2.0-2013-07-27 RN x|

File Edit View Help
B& 'Modules: . Tractography Label Map Seeding ¢ ™ Q.

© ©, Select the default Tractography Seeding
B sosice B parameters:

-Minimum Path Length: 10 mm
-Maximum Length: 800 mm

» Help & Acknowledgement

¥ Tractography Seeding Parameters

Minimum Path Length = 110.00 |- | . . . - c
it w000 - | # -Stopping Criteria: FractionalAnistropy
Stopping Criteria LinearMeasure @ FractionalAnisotropy _Stopplng Value O 1 5

Stopping Value —_— 110.15 |2 ;

Stopping Track Curvature  — 00 : i -Stopping Track Curvature: 0.8

Integration Step Length(mm) == 0.50

-Integration Step Length: 0.5 mm
Click on Apply

¥ Label definition

Seeding label| 1

Restore Defaults| AutoRun '~ Cancel

v Data Probe




File Edit View Help

&2 &3 Modules: \‘-tTractography Label Map Seeding 3‘ 00 9O «d 2 t - fm S

@ 3DSlicer
v

‘ » Help & Acknowledgement

Seed Spacing
Random Grid
Linear Measure Start Threshold

" The tracts generated in the

Mir

va COrpus callosum area appear in
** the 3D viewer.

St0pp|n5 vaiuc ‘U.J.J ,‘{
Stopping Track Curvature == “0.8 ﬂ v

Status: Completed

‘Restore DefaultsH AutoRun " Cancel ‘ Apply ‘

‘ v Data Probe ‘

Diffusion MRI Analysis Sonia Pujol, Ph.D.

NA-MIC ARR 2012-2014



Tractography Results

File Edit View Help
&3 Modules: “-J:Tractography Label Map Seeding 3‘ 0.0 9O &« 2 t- @ e R4

i Position the mouse over the pin icon
~ and click on the eye icon to display the
.. axial slice in the 3D viewer

Random Grid
Linear Measure Start Threshold 8 “0.3 -

¥ Tractography Seeding Parameters

Minimum Path Length = % 10.00 F
Maximum Length 8 “8

Stopping Criteria LinearMeasure ® FractionalAnisotropy
Stopping Value "0.15 E:

Stopping Track Curvature = “0.8 Sic
Status: Completed

‘Restore DefaultsH AutoRun " Cancel ‘ Apply ‘

‘ ¥ Data Probe
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0 Fiducial Seeding

File Edit View Help
&2 &3 Modules:

“ Annotations Testing ’

|a Data work in Progress 3¢ Salect the module Tractography DiSplay

& DICOM

@ 3DSlicer ~ Editor
w

‘ » Help & Acknowledgemen

© Models
Seed Spacing f Scene Views
Random Grid % Transforms

Linear Measure Start Thresl‘u View Controllers

¥ Tractography Seeding Pat® Volume Rendering

Minimum Path Length @ Volumes

Maximum Length ) Welcome to Slicer
Stopping Criteria Wizards »
Stopping Value Info.rmat?cs '
Registration »
Stopping Track Curvature Segmentation R
_ Quantification »
Diffusion »
‘Restore DefaultsH AutoRun IGT R
‘ R Filtering >
Surface Models
L Converters 4
= Endoscopy »
B Utilities »
»

Developer Tools
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Fiducial Seedin

File Edit View Help
&2 &3 Modules: .| Markups 3‘ 0.0 PO &« s

@ 3DSlicer
7

‘ » Help & Acknowledgement

List ‘Select a MarkupsFiducial

Scale

Click to Jump Slices e
® Cent

Click on the arrow icon to create a fiducial

¥ @ -- Name Description X Y z

¥ Data Probe
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Fiducial Seedin

File Edit View Help
&3 oW &a [Modules: . | Markups :‘-'OV;) ¥ O e« d t- @ W R4+~

®

@ 3DSlicer
w

‘ » Help & Acknowledgement

[«]

List |F

Position the fiducial in the left cingulum
- of the coronal slice

= 1] = 1] = J =y

Sce

@ s -- Name Description X Y z
1v & & F1 -3.195 1.500 26.5...

[«]

v Data Probe
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Fiducial Seedin

File Edit View Help
&3 oW &a [Modules: . | Markups :‘-'OV;) ¥ O e« d t- @ W R4+~

@ 3DSlicer
w

‘ » Help & Acknowledgement

[«]

List |F

. Double click on the fiducial and change
- the name to LeftCingulu

= 1] L =

Sce

v Data Probe
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Fiducial Seeding

& 3D Slicer 42.2-2013-08-29 =N R =%
File Edit View Help

@ Modules: #% Tractography Interactive Seeding $| = 0 ‘\) @ o % @ 7 t v Etﬂ E@ v E

‘ ) - ﬁ
#) 3pslicer

=4
S — Select the module Tractography Interactive Seeding

| |
v 10 | |

Parameters | FiducialSeedingParameters

oo

Presets Slicer4 Interctive Seeding Defaults
v 10

Input DTI Volume dti

Input Fiducials, Model or Label Map | F

LR TR

Output Fiber Bundle Cingulum
Enable Seeding Tracts v

¥ Seed Placement Options |

Fiducial Region Size = 2.50mm

Select the Input DTI volume ‘dti’ -
Select the Input Fiduciala, Model or Label Map ‘F’

Select the Output Fiber Bundle ‘Create New Fiber &
-| Bundle’ and rename it ‘Cingulum’

" .

40 4

Fiducial Seeding Step Size 1.00mm
Seed Selected Fiducials
Max Number of Seeds 100

4

¥ Data Probe

%)
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Fiducial Seeding

& 3D Slicer 4.2.2-2013-08-29 =N e %
File Edit View Help

@ Modules: #% Tractography Interactive Seeding $| = Q ‘\) @ o % @ 7 t v Etﬂ E@] v E

@ 3DSlicer

‘ ¥ Seed Placemen t Options

Set the tractography parameters as follows:
wm = -Fiducial region size: 2.5 mm

Seed Selected Fiducials

- | -Fiducial Seeding Step Size: 1.0 mm

Fiducial Region Size = 2.50mm %

-Maximum number of seeds: 100
| | -Minimum Path Length: 10 mm
= - -Maximum Path Length: 800 mm

Maximum Path Length 1| 800.000mm 5

. & -Stopping Criteria: Fractional Anisotropy

e . | -Stopping Value: 0.15

Integration Step Length

o= L -Stopping Track Curvature: 0.8

‘ ¥ Enabling Options |

. .| -Integration step length: 0.5 mm
-Create Tracts Initially as Tubes

‘ ¥ Data Probe

L
E
B
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Fiducial Seeding
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ducial Seeding
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- Fiducial Seeding
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Fiducial Seeding

& 3D Slicer 4.22-2013-08-29 (=N R
File Edit View Help

@ Modules: Markups $ -v Q' Ov @ o G @ 7 v t v B S {%v v E

@®

@ 3DSlicer

Click on the arrow icon to
create a new fiducial, and
position it in the 3D viewer

o v EE v g |v ,@,

¥ | es |- Name Description X Y z
1| &£ @ LeftCin.. -6.464  1.500 29.215
!x ¥ RightCi... 10.883 -11.250  29.117

3 III_MWW

» Advanced

¥ Data Probe

%)

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014



Fiducial Seeding
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~ Tractography ‘on-the-fly’
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DTl Analysis
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Conclusion

This tutorial guided you
through the different
steps of a Diffusion MR
Analysis pipeline, from
tensor estimation to 3D
tracts visualization, for
exploring and studying
the brain white matter
pathways.
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spujol@bwh.harvard.edu

Diffusion MRI Analysis — Sonia Pujol, Ph.D.
NA-MIC ARR 2012



Slicer Community

e www.slicer.org

* Mailing lists:
slicer-user@bwh.harvard.edu
slicer-devel@bwh.harvard.edu
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