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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
(Anafomie des centres
nerveux (Paris, 1890-1901):
Atlas of Neuroanatomy based
on myelin stained preparation

Sonia Pujol, Ph.D. NA-MIC ARR 2012-2013



White Matter Exploration

First non-invasive
window on the
organization of brain
white matter
pathways /n-vivo

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



Tutorial Outline

This tutorial is 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 baseline.

Diffusion Diffusion

Sensitizing Weighted
Gradients Images

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



Tutorial Software

:

& 2 A multi-platform, free and open source s
N 3DSlicer Visualization and medical mﬂgg computmg
4

Download  Tutorial ls Reference  Feedback

i | — | The tutorial uses the

Powerful processing. Streamlined interface. Extensible platform.

About Slicer
»Introduction
»Acknowledgments
»Contact Us

]

3DSlicer version 4.1
software available

Resources
Download

»For Users
»For Devi eI opers
»

»Publication DB
»Iimage Gallery
»Slicer Community

at www.slicer.org

B 30D Slicer

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

tact webmaster@bwh.harvard.edu for questions about the use of this site’s content
See here for @ infor

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.
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http://www.slicer.org

3DSlicer

* 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

3D Slicer is a multi-institution effort supported e?OS yrgomer;(;er.gd for
by the National Institutes of Health. prog

Diffusion MRI Analysis Sonia Pujol, Ph.D. 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

&
0
&
&
2

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 - o
File Edit View Help
Modules: &1 Welcome to Slicer - J UV O % A - t -~ @ & “‘b. A
@ @ ]
{.} iDSlicer
E== Load DICOM Data === Load Data
& Customize Slicer © Download Sample Data
» About
* The Main Window
3= First, start Slicer4
* Display V

» Mouse & Keyboard R S:0.00 -V # R:0.00 Mgl A: 0.00

* Documentation & Tutorials

» Acknowledgment =
~ Data Probe




Loading the DWI Dataset

@
File Edit View Help
] Modules:

@ sDSlicer

Welcome

%s Load DICOM Data
# Customize Slicer
» About
* The Main Window
* Loading and Saving
» Display
* Mouse & Keyboard
* Documentation & Tutorials

» Acknowledgment
~ Data Probe

= Recent places

4 Libraries

t| Documents
@ Music

= Pictures

B videos
/M Computer

= Local Disk (C:)

tl- Metwork

2 items

g manufacturing (\\

nt

1item selected 2.52 KB

3D Slicer 4.2.0-2013-07-27 - o
2\ Welcome to Slicer s| - Q9P © wu & ~ t -~ e B B8 8
B ]
[ BN DiffusionMRI_tutorialData = =
“ Home Share View (7]
Libraries Documents Slicerd datasets DiffusionMRI_tutorialData 5 Diff R D

© Favorites Mame Date modified Type Size

B Desktop | dwi.nhdr 1/30/2012 3:32 PM  NHDR File 3KB

4 Downleads L | dwi.raw.gz 2 PM GZ File 0 KB

# Dropbox

In your files archive, locate the
file dwi.nhdr in the dataset
folder for this tutorial

3 A:0.000mm




Loading the DWI Dataset

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

4 i . . . . — i _
&3 Modules: . @ Welcome to Slicer t = 0 Q9O %« HE « t - R4~ 18O
& ® 1=
nRiEDR-| x
L !‘) 3DSlicer File Home Share View v 0
ol N
(i—) - 1 . v Libraries » Documents » Slicerd » datasets » DiffusionMRI_tutorialData v & Search DiffusionMR/_tutorialData o
We | CO I I I e ‘¢ Favorites Mame ‘ Date modified Type Size
B Desktop | dwi.nhdr 1/30/2012 3:52PM  NHDR File 3KB
- 4 Downloads L | dwi.raw.gz 1/30/2012 3:52 PM GZ File 66,150 KB
een; Load DICOM Data {# Dropbox
p
- B . 12| Recent places
[ # Customize Slicer ]
- Libraries
» About 3 Documents
,;J‘. Music
. . [=| Pictures
* The Main Window B Videos
* Loading and Saving 1% Computer

i, Local Disk (C:)

|
|
|
¥ Display A mensfecterna e Drag and drop the file
|
|

* Mouse & Keyboard

et dwi.nhdr onto the viewer of
* Documentation & Tutorials the Sllcer4 appllcatlon

[ » Acknowledgment
[ ~ Data Probe

Zitems  1item selected 2,32 KB
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Loading the DWI Dataset

& 3D Slicer 4.2.0-2013-07-21 - O
File Edit View Help
Modules: . BYWelcome to Slicer s = Ve « @ ~ t - o e, B
@ B ] R
;Q% 3DSlicer
O

We | C O m e ! Add data into the scene ?

— — Choose Directory to Add |Choose File(s) to Add Show Options
Eiceny Load DICOM Data ooy Log
- - - v File Description
# Customize Slicer & Download - — - -
¢ ...ments/Slicer4/datasets/DiffusionMRI_tutorialData/dwi.nhdr |Volume =
» About

* The Main Window

* Loading and Saving

R: 0.000mm &8 (5 S

» Display
* Mouse & Keyboard

* Documentation & Tutorials

» Acknowledgment
~ Data Probe

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



Loading the DWI Dataset

0019 @« « tv 8w R+~ @O

B® 1

"
File Edit View Help
@ Modules: \[hWeIcometo Slicer &

@ iDSlicer

Welcome

[+]

[ Load DICOM Data || oo Load Data |
[ 4 Customize Slicer H @ Download Sample Data ]
[ » About

» The Main Window

»1 Slicer displays DWI
»1volume of the brain

VM ouse & Keyboard

[ * Documentation & Tutorials

[ » Acknowledgment
[ ~ Data Probe
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Loading the DWI Dataset

File Edit View Help
&a |Modules:

@ 3DSlicer
Welcomr

[ Load DICOM Data

Y

[ #: Customize Slicer

» About

* The Main Window

* Loading and Saving

» Display

* Mouse & Keyboard

|
|
|
|
|
|

* Documentation & Tutoriz

[ » Acknowledgment
[ ~ Data Probe

»

All Modules Testing

¥ Annotations Work in Progress »
4 Data
& DICOM

< Editor

© «a@d « t- 8™ R+ B

©@ Models

Click on the Modules
menu and select the
module Volumes

& Scene Views
4 Transforms
M View Controllers

® Vvolume Rendering

£ Welcome to Slicer

Wizards

Informatics

Registration

Segmentation
Quantification
Diffusion

IGT

Filtering
Surface Models
Converters
Endoscopy
Utilities

Developer Tools

Legacy

Diffusion MRI Analysis

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



Loading the DWI Dataset

u]

e 3D Slicer 4.2.0-2013-07-21
File Edit View Help
Modules: . | @ Volumes - Q. VO a«ad s L fn Re -8 e
e = 1 &
e Slicer V 1‘3 ;
» Help & Acknowledgement = ‘ ‘
e VAR () : The baseline image

» Volume Information

corresponds to the DWI
Component #0.

DWI Component: : SEleCt the DWI

ookup Table: rey
interpolate: Component #10, which
Window Level editor presets: = R A e h

m corresponds to the 10t

ARSE . /“ diffusion sensitizing

W:771 [Z{|Manual W/L $||L:454 2
gradient

¥ Display

Threshold: Off
¥ Data Probe




Loading the DWI Dataset

o 3D Slicer 42.0-2013-07-21 - o IES
File Edit View Help
Modules: . | ® Volumes ™ Q0 QIO & Hd s t- fa Sa L=
@® 1 N

@ 3DSlicer

" Help & Ackmouledgement | Adjust the Window Level editor presets
Active Volume | dwi = -
| with the Volume module menu

» Volume Information

- Display
¥ Scalar Display

DWI Component: 10 ¢

Lookup Table:| [lF Grey 4 \\\

Interpolate: ¥
Window Level editor presets:

o LA | “’
L > \ v

EY

W:771 [Z{|Manual W/L

‘Threshold: Off
¥ Data Probe
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Loading the DWI Dataset

> 3D Slicer 4.2.0-2013-07-21 -
File Edit View Help
&3 Modules: . @Volumes 1= Q0 QPO & d s t- R Fa, il = >
B® M1
* Help & Acknowledgement 3 ‘-
Position your mouse over
Active Volume |dwi o . - .
. the pin icon, then click on
* Volume Information . . .
oy the link icon and the fit
" Scalar Display Image to window icon
DWI Component:: g 110 |7 | |
Lookup Table:| JF Grey z
Interpolate: ¥
Window Level editor presets: 3 e -
. b B 2 (@] <+~ Axial
by £ B) o
W:771 |2 |Manual W/L $|L: 454 /
Threshold: Off sl

~ Data Probe
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Loading the DWI Dataset

-
File Edit View Help

& | Modules:

@ 3DSlicer
<

. | @Volumes

[ » Help & Acknowledgement

[v]

L3

Active Volu me[dWT

[ * Volume Information

[ ~ Display

~ Scalar Display

DWI Component:

LookupTabIe:l BB Grey

Interpolate: ¥

Window Level editor presets:

Dﬁﬂm

W:?

Thres
¥ Da

layout

Click on the Slicer layout menu
and select the Red slice only

t- B W R+ @@

& Conventional

Ef Conventional Widescreen
B Conventional Quantitative
B Four-Up

B Four-Up Quantitative

EE Dual 3D

B Triple 3D
3D only
lwl One-Up Quantitative

# Red slice only

& Yellow slice only

O Green slice only
Tabbed 3D
E Tabbed slice

E Compare ’

M Compare Widescreen 4

B Compare Grid ’
B Three over three

B Three Over Three Quantitative

H Four over four
B Two over Two
@ Side by side

Diffusion MRI Analysis

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



Loading the DWI Dataset

& 3D Slicer 4.2.0-2013-07-21 N x|
File Edit View Help
Modules: . | @ Volumes ™ Q0 QIO «@ <« |H|L- fo Ra =

@ &

:@ DSlicer

B Help & Acknowledgement

TS

Active Volume dei
» Volume Information
"o Slicer displays only

¥ Scal:

owic the Axial anatomical
Lok gljce In the Viewer

Interpc._.__.
Window Level editor presets:

AT RORL

W:771 [Z{|Manual W/L $||L:454 2

4(»

O

Threshold: Off sl
¥ 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




(>

File Edit View Help
Modules:

All Modules

4 Annotations

>

Explorlng the DWI Dataset

- s Em

3D Slicer 4.2.0-2013-07-21

Testing

Work in Progress »

PO @< @It-18=w5n| + 0

A Data

& DICOM
9 peticen 7 Editor :

© Models Click on the Modules
menu and select the
module DWI to DTI

> Help & Acknowledgemen :
% Scene Views

Active Volume dwi % Transforms

» Volume Information B View Controllers

® Volume Rendering

Estimation

~ Display @ Volumes

v Scalar Displa . ¢
piay £ Welcome to Slicer

DWI Component:

Wizards 4
Lookup Table: G .
ookup Table:| [ 42 Informatics »
Interpolate: ¥ Registration 5
Window Level editor preset; .
: Segmentation 14
L l L Y Quantification 14
w:771 2| Manual w/L Diffusion 4 DWI to Full Brain Tractography
— IGT > Tractography Display
Threshold: Filtering > Diffusion Data Conversion
¥ Data Probe Surface Models  »| Diffusion Tensor Images
Converters " Diffusion Weighted Images Diffusion Weighted Volu
g Endoscopy »|  Tractography DWI Joint Rician LMMSp Filter
. Utilities 4 DW!I Rician LMMSE F W
o Developer Tools  » DWI to DTI Estimation

Legacy

Resample Scalar/Vector/DWI Volume




Exploring the DWI Dataset

SDiSlicend. 20, 90130721

5
File Edit View Help
Modules:

r"\ )Slicer

=4
» Help & Acknowledgement

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

DW!I to DTI Estimation

$| - Q

) P O %

Y. 10

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

Output Baseline Volume | baseline

¥ Estimation Parameters

Estimation Parameters LS @ WLS

Restore Defaults| AutoRun ~

¥ Data Probe

Cancel

Status:Idle
Apply

F ¢ E  Wod J= o) ,'—.h;

-8 e

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.

o

H




Exploring the DWI Dataset

£ 3D Slicer 4.2.0-2013-07-21

File Edit View Help
) & |Modules: . DWIto DTl Estimation ¢ ™ @ © |@ @ & @ ~ @] ¢ - dwi

dti
Q 3DSlicer
-

s ‘ baseline
‘ > Help & Acknow

None

x v‘Axial

Rename current Volume

Position your mouse
~ overthepinicon and
¥ DWI to DTI Est

raameterser: ow SElECE the volume dti

-0

Input DWI Volume |dwi

Diffusion Tensor Mask |None

Output DTI Volume  |dti

Output Baseline Volumeg baseline

‘ ~ Estimation Parameters

v

Status: Completed

’Restore DefaultsH AutoRun |+ Cancel ‘ Apply ‘

Fabnmaatian NDavamantave 1c & \AI1L C

‘ v Data Probe
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Exploring the DWI Dataset

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

i~

-

Modules: . |[DWIto DTl Estimation ¢+ ™ O © 1@ @ &« & « [O ¢ ~ fn e il
@

9 OSlicer

» Help & Acknowledgement

~ DW!I to DTI Fstimation

Parameter s¢ S“Cer d'SpIayS the DTI

¥ 1

mowny VOIUME 1N color by
piusion e QFl@Ntation mode;

Output DTI

ouputsase. REA: right-left

v

FeBmaabAn T

wwm Blue: inferior-superior

Restore Defaults| AutoRun =

eted
00%

Cancel | Apply
¥ Data Probe




Diffusion Tensor Data

AT A
Si _ Soe—bgl D

Stejskal-Tanner equation (1965)

XX Xy XZ
Q:
yXx Yy yz
ZX zy z7

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



Diffusion Tensor

« The diffusion tensor D in the voxel (1,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.

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

A




Diffusion Tensor Shape

—

A= A2= A3 A1>> A2, A3 A1~A2>> )3
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 N x|
File Edit View Help

Modules: . |[DWIto DTl Estimation ¢+ ™ O © 1@ @ &« & « [O ¢ ~ fn e il

®®
E OSlicer
» Help & Acknowledgement

~ DWI to DTI Estimation
Parameter set:| DWI to DTI Estimation
%10

Input DWI Volume dwi

o |

Diffusion Tensor Mask |None

vt o7 Vo [ Use the slider to browse through
Output Baseline Volume | baseline the dtl V0|ume, and try tO |0C3.te
~ Estimation Parameters the Corpus Ca”osum

FeBnmaabian Davanantave

1-C & \A

Status: Completed
777777777777 777777 777777777777 777777 0%

Restore Defaults| AutoRun ~

Cancel | Apply
¥ Data Probe

I Red RAS:(26.4,-3.6,0.0) Axial Sp:1.5

L None()
F None()

Bdti (46, 66, 47) ColorOrientation 0




Corpus Callosum

Tela chorioades of thind vendvicle  Pogterior commissure
Intermediate mass [
Interventrictlar foramen |

Corpora guadrigening
Pinaal body
Spleninm

Pio wvitler

Amnrerior commissire
Leamninia terminalis
Optie vecess

Cptie chivsmon
Infundifubum

Corprs mamillaras
Oettlvimator nerve

Cerebral agueduct Choroid plerus

Towrih ventriele

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

(>

3D Slicer 4.2.0-2013-07-21 N x|
File Edit View Help
Modules: . |DWI to DTl Estimation ~ ¢| ™ Q) O ed 2@t~ fo R -89

m 3DSlicer

7
B He]p & Acknowledgement

'~ DWI to DTI Estimation I

Corpus Callosum

Parameter set:| DWI to DTI Estimation
%10

o |

Input DWI Volume dwi

Diffusion Tensor Mask |None

o || o

Output DTI Volume dti

Output Baseline Volume | baseline

O

¥ Estimation Parameters

FeBnmaabian Davanantave 1-C & \AIl C s

Status: Completed
P777TTT7IT777T 777777777777 77TTTTITTY 100

Restore Defaults|| AutoRun ~ Cancel | Apply

¥ Data Probe




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



>
File Edit View Help
Modules:

All Modules »

Z Annotations

A Data

& DICOM
@ 3DSlicer 7 Editor

1@ Models

> He]p & Acknowledgemen :
% Scene Views

v DWI to DTI Estimation |4 Transforms
Parameter set: DWI to DTI E® View Controllers
~ 10 @ Volume Rendering

Input DWI Volume dv\.e Vildmes

hoe g & Welcome to Slicer
Diffusion Tensor Mask |Nd

Output DTI Volume dti Wizards ’
. Informatics »

Output Baseline Volume | ba!
Registration »
v Estimation Parameters Segmentation >
Fatmaatian Navamndnee Quantification »
>

»

Restore Defaults|| AutoRun Filtering >
~ Data Probe Surface Models  »
Converters »

Endoscopy »

L Utilities »

; Developer Tools »

Legacy >

Trace

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

Testing 4

Work in Progress »

DW!I to Full Brain Tractography

Tractography Display

Diffusion Data Conversion

Diffusion Weighted Images
Tractography

Q%E/D.t'kl-).;b; vﬁ@
ﬁu?n.D

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

3
Diffusion Tensor Images »|  Diffusion Tensor Scalar Measurements

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

Diffusion MRI Analysis

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



File Edit View Help

&5 & Modules: . |Diffusion Tensor Scalar Measurements ¢‘ "0 Q| 9O «&@ <« |HE|t- fo Fa

m 3DSlicer
L4

7

o IR

‘ » Help & Acknowledgement

\ v Diffusion Tensor Scalar Measurements

Parameter set:| Diffusion Tensor Scalar Measurements

O

10

nput DTI Volume dti

Output Scalar Volume } trace

¥ Operation

Estimation Parameters @ Trace

Determinant

RelativeAnicntranv

Restore DefaultsH‘ AutoRun v/

Cancel ‘ Apply ‘

v Data Probe

| Red RAS:(57.0,-23.1,0.0) Axial Sp: 1.5

L None()
F None()
B trace (26, 79, 47)0.001974

Type in the following inforrﬁation in
the 10 menu:

-select the Operation ‘Trace’
-set Input DTI Volume to ‘dti’

-select Output Scalar Volume
‘I ‘Create and Rename new Volume’

Status: Completed

0%l and rename it ‘trace’

-click on Apply to calculate the trace

map of the tensor volume

Diffusion MRI Analysis

Sonia Pujol, Ph.D.

NA-MIC ARR 2012-2014



Trace

o)

File Edit View Help
&5 & Modules:

@ 3DSlicer

\ » Help & Acknowledgement

Diffusion Tensor Scalar Measurements ¢‘ "0 Q0 9O % AL N e Ro R | 4~ 80
-

B®

| ¥ Diffusion Tensor Scalar Measurements =

"hm The trace image appears in
%10 .
the red viewer

Input C
Output Scalar Volume‘trace

O

“

<«

’ ¥ Operation

Estimation Parameters @ Trace

© Determinant

1 RelativeAnientranv b

Status: Completed

[Restore DefaultsH AutoRun 'I Cancel | Apply
l v Data Probe ]

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



®

-

File Edit View Help

Ba oM & 'Modules:
Position your mouse over
% the pin icon and then
"' select the “>>’ icon to
"™ display this table and fill in
-0 the following information:

Input D’

o -Se€lect the volume ‘trace’
-oer N the Background viewer

“"" _Select the volume ‘dti’ in
the Foreground viewer

7 get the opacity of the dti

| Restore

~naa VOlUMe to 0.40

Trace

3D Slicer 4.2.0-2013-07-21

‘DiffusionTensorScalar Measurements “ -0 QO @ ® 4« & < |HI|t~ fo Fa | 4

@ ol v‘Axml ; H o B3 @

| & v .| & |None

|+

ympleted

M 200%

Apply |

Diffusion MRI Analysis

Sonia Pujol, Ph.D.

NA-MIC ARR 2012-2014




Trace

PO a«ad 2 0t 8 s+ 1B

o)
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

|4

-0 -
Input DTI Volume ‘dti :i
Output Scalar Volume!trace °i
¥ Operation

Estimation Parameters @ Trace

Determinant

RelativeAnicntranv ¥

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
B trace (65, 52, 59)0.001942

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



Trace

©
File Edit View Help
&5 & Modules: ‘DiffusionTensorScaIarMeasurements 3‘ "0 Q| 9O «&@ <« |HE|t- o R | 4~ (%]

o= R 8-

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 A ’
Output Scalar Volume‘trace $ ’
¥ Operation

Estimation Parameters @ Trace

Determinant

7 RelativeAnicntranv b2

Status: Completed

’Restore DefaultsH AutoRun ']‘ Cancel ‘ Apply ‘

'~ 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

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



Scalar Maps: Fractional Anisotropy

W= 1Y+ (1= 1) +(1,- 1)
212412 +]

*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: ¢

FA(D) =




>

Fractional Anisotropy

&5 & Modules: . |Diffusion Tensor Scalar Measurements t‘ "0Q 9O &«&@ <« |HE|t~ CON S R > )
o= R

@/ 3DSlicer

‘ » Help & Acknowledgement

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

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

-Select the Operation ‘Fractional Anisotro
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Fractional Anisotropy
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Part 2:
Visualizing the
tensor data
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3D Visualization: Glyphs
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3D Visualization: Glyphs

7
File Edit View Help
&a |Modules: \[3V0|umes :]-. COI9PO &« 4 « t - Ao Fa | 4~ Q

@ 3DSlicer
o

[ETE TR TV TN [

o10[2)c
i — Scroll down the module panel and:

Slice Visibility: ¥ Red Yellow -Check off the Option for Red Slice
o T Visibility

;Setthe Color by Scalar parameter to

Scalar Range L —— fC el orOrientation’

-Set the Glyph Type to ‘Lines’

Scale Factor:

Spacing: =

Glyph EigenVector: l Major o l

~ Data Probe

Diffusion MRI Analysis Sonia Pujol, Ph.D. NA-MIC ARR 2012-2014
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Diffusion MRI tractography
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Diffusion MRI tractography
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Diffusion MRI tractography
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Diffusion MRI tractography
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Diffusion MRI tractography
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Diffusion MRI tractography
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3D Visualization: Glyphs

> 3D Slicer 4.2.0-2013-07-27 N x|
File Edit View Help

S Moddess - Tectomrhy aveliepseedng = 7.9, € © - galact the default Tractography Seeding
B e B parameters:

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

B Help & Acknowledgement

¥ Tractography Seeding Parameters

Minimum Path Length =(k 10.00 |- | . . . . .

I . — w00 - 4 -Stopping Criteria: FractionalAnistropy
Stopping Criteria LinearMeasure @ FractionalAnisotropy J _Stopplng Value 015

Stopping Value —_— - 0.15 7 . |
Stopping Track Curvature w— 0.80 |- -StOpplng TraCk Curvature 08

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




Acknowledgments

National Alliance for Medical Image
Computing (NA-MIC)

NIH U54EB005149

Iit * Neuroimage Analysis Center (NAC)
NIH P41RR013218

oes e Parth Amin, WIT 16
“ = e« Matthew Flynn, WIT ‘16

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



