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b3 DTI tutorial

This tutorial Is an
Introduction to the
advanced Diffusion MR
capabillities of the
Slicer3 software for
medical image analysis.
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This tutorial guides you
through the process of loading
diffusion MR data, estimating
diffusion tensors, and
performing tractography of
white matter bundles.
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The processing pipeline uses 9

Image analysis modules of Slicer3.4
1. Data

. Volumes
. Diffusion Tensor Estimation
. Diffusion Tensor Scalar Measurements

2
3
4
5. Editor
6
7
8

. LabelMap Seeding
. Fiber Bundles
. Fiducials

9. Fiducial Seeding
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fv Tutorial Dataset

The Diffusion MR tutorial dataset is composed of a
Diffusion Weighted MR scan of the brain acquired with 12
gradient directions and 2 baseline.

Diffusion Diffusion

Sensitizing Weighted
Gradients Images
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f? DTI Processing Pipeline

DWI Tensor Scalar 3D
Acquisition Calculation Maps Visualization
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f? Start Slicer3

Linux/Mac users i
Launch the Slicer3 5 ..,.....
executable located in -
the Slicer3.4 directory -~

LL
o)

L

&
&]
(K=
LLY

Windows users
Select

Start - All Programs
- Slicer3 3.4 2009-05-21->Slicer3
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==l x|

y4 Slicer Welcome

2 3D Siicer Version 3.4
Fle Edit View Window Help Feedback

Modules
r‘\ 3DSlicer

“ Welcome & About

mﬁi@

B e oo, 1€ SlicerWelcome module is the
= 7 module displayed by default.

3D Slicer is a free open source software platform for medical imz

processing and 3D visualization of image data. This module contai
I

i This module gives an overview of the
GUI of Slicer3, and data loading & saving
functionalities.

3D Slicer is distrib
contribution and sof

Hint: to open any information panel below, click on its grey title b

L

Don't show this module on startup

T Overview

¥ Basic & Extended Modules
¥ Loading Scenes & Data
¥ Saving Scenes & Data

¥ Adjusting Data Display I |

“ Manipulate Slice Views

EIEE

“ Manipulate 3D View
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Diffusion data
loading and
tensor estimation

A,
S, =S, =¥
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fv Diffusion Tensor

Stejskal-Tanner
S —§ pbdi' D§
i Y0

XX Xy XZ
Q:
yx Yy yz
ZX zy 7z
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fv Loading the DWI volume

i 3U'ficer Version 3.4

(5= £9) ven wndow

=S

Help Feedback

@ "t Welcome Select File=» Add Volume from the

]
3D Slicer is a free open source software platform for medical image I I I ‘ ! I I I ‘ ’ n u

processing and 3D visualization of image data. This module contains
some basic information and useful links to get you started using Slicer.
Please see our website http //www slicer org and the documentation on
our wiki for more information

ils about the

e software

Hint: to open any information panel below, click on its grey title bar.

»

L

Nene

L

Don't show this module on startup. .
one

L

None Sagitts|

L
L

ERCYENS

Nene

Alpldly

ERCYENS
ERCYENS

L

Nene Nene

L

Nene

L

Alpldly

7 Overview

¥ Basic & Extended Modules
¥ Loading Scenes & Data
¥ Saving Scenes & Data

¥ Adjusting Data Display

“ Manipulate Slice Views

EEEE

“ Manipulate 3D View
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fv Loading the DWI volume

2 3D Siicer Version 3.4 ==l %]

Fle Edit View Window Help Feedback

Modules SlicerWelcome —

2 add volume

“IR1-M M 1) .

2118 < Local Disk [C) il

% x

D = Y DICOM Information

0
dwiDataset raw gz 31,909KB 0O

Parse Directory

“ Welcome & About

3bslicer \Welcor

>

3D Slicer is a free open source software platform for medical i
processing and 3D visualization of image data. This module cor
some basic information and useful links to get you started usin
Please see our website http://www slicer org and the document
our wiki for more information ) workshaps

o

B % Local Disk [D:]

||

3D Slicer is distributed under a BSD-style license; for details
contribution and software license agreement, please see

http:/iwww slicer org/cgi-bin/License/SlicerlicenseForm pl The
urposes only and has not bee
or approved by the Food and Drug Administration, or by any oth - Yolume Options X

Hint: to open any information panel below, click on its grey title Certersd \gnare File Crientation Label Mag Zingle Filg Mame: |gwiDataset

Path: |C:!SIlcerDataJD\ffuslonDataseUdeataset.nhdr’

Don't show this module on startup Renent Wolumes:
—

None

T Overview — F@ =y Hone

¥ Basic & Extended Modules Flmm
\ L]

¥ Loading Scenes & Data
¥ Saving Scenes & Data

¥ Adjusting Data Display j

“ Manipulate Slice Views

EEELEE

Browse to the location of the Diffusion
™ tutorial dataset directory and select the file
dwiDataset.nhdr

National Alliance fi Click on Apply to load the volume
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fv Loading the DWI volume

Slicer displays the anatomical
views of the baseline volume of
the diffusion dataset in the 2D
Slice Viewer.

=TI

B e
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fv Tensor Estimation

=TI

0] Eys - @ E e EOEEE B E -+ ©

Slicer

Left click on the menu Modules and
o bslicer Welcome . .
" "" select All Modules to display the list

“ of 95 modules available for image
analysis and 3D visualization.

i Yo e g

“"’"”" Select the module Diffusion Tensor
. Estimation.

B e

" Cumemeg S
* Other Usetu tarts
* Commrty
M
Mot ian Sace Vi
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fv Tensor Estimation

BE] o (e ~ (HFE— BoNEEENEDEEEE ¢ | O
r‘\ Slicer I
-

Select the Input DWI Volume dwiDataset

left click on OutputDTIVolume and select
—==... ‘Create New Diffusion Tensor Volume’

zzzzz

Left click on Output Baseline Volume and
: select ‘Create New Volume’

L Left click on Otsu Threshold Mask and
=soceses so—q | galact ‘Create New Volume’

* Manignialn 30 Vierw

—
Astamt] g ofhrtntt | 453 et et < ... | 3] wrskones Tonk starimre | B v - e |[El 30 steer version 3.4 @2 «B gD s
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Select the Tensor Estimation
Algorithm LS ( Least Squares),
and click on Apply to estimate
the tensors.

 Manipuints Sion Views

EEDDEDEE @

Maripuinds 30\

=

Tt

]
Telfe

A Y
'
| [

[
T

1 Shart| ) dlunkrDiat et | 13 Mronott PovesePoiet < [, | 5} Wirskoows Tosk Mariagee W -Pad
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f? Tensor Estimation

i x8

BE = [mevees S|[(EOEEF BEEERROEDEGEEE ¢ + @

f.' oSlicer y
¥ Help & Acknereindgement
Dusion Tensor Estimebon

2 Leftclick on Diffusion Tensor Volume 1
.. to display the list of volumes that have
.~~~ been computed by Slicer

* Mangulals Sice Views

ERODEEEE R =]

= Maripuann 30 Virw

| EEEE
BiRant| ) Otiseratmint | £ Pacsoniolt Pommeetiont - ... | 5} Windows ToskManoger | T wiew - Pt |[E 50 Sticer version 34
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f? Tensor Estimation

(3 3D Slicer ¥ersion 3.4

Diffusion Tensor Estimation Volume Is the
volume of estimated tensors
Diffusion Tensor Estimation Volume 1 Is the
Baseline volume
Diffusion Tensor Estimation Volume 2 Is the
tensor mask (blue)
e 8 TRTIIIETY e
| ot v aonvorme o %] ] v eve. o erenez: o |25 [T s et oreme 1 s |5
D =1 51 -
EE L] O @
: O]
.
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f? Tensor Estimation

i x8
Fie Bt View Wrdm Hely Feedback

BE| = (e |AEEE BEEEEEO0EOEEEE ¢ @
@ oSlicer ‘ ‘

¥ Help & Acknereindgement

= [uitumion Tensor Extimeton

. Click on the link icon, left click on Diffusion
Tensor Volume 2 and select None

J
R4 Thweahold WSS | Curfusicn Ters s el —

o

gt £ Viotame | papyy

Cutpus Brvseing Vokae | Do

* Mangulals Sice Views

ERODEEEE R =]

= Maripuann 30 Virw

| B =
i sart| 3 Ot Dstmet | £ Macriiolt Povecsoit < ... | 5] Windns Task Manager | | viend - Pt |[E 50 Sticer version 34
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fv Tensor Estimation

1511

File Edit WVisw Window Help Feedback

Wodiks Difskn Tersor Estinatin —1 E El El carch mod - i i

® " gelect the module Volumes in the
modules’ toolbar

T Help & Acknowledy

“ Diffusion Tensor Es

Input O Volume | guiDetaset —
Output DTI Valume | pitfusion Tensor Estimation Volume  —

Cutput Bazeline Yolume | pitfusion Tensor Estimation Yolume1 —

Allp] Ldlp] [4p] (4

Otsu Threshold Mask | pitfusion Tensor Estimation Volume2  —

“ Estimation Parameters

Estimation Parameters [W] Ls LS ML

Ctzu Omega Threshold Parameter |0.5 H

Remove |slands in Threshold Mask

0
3

2pply Mask to Tensor Image el — coraval — Howe

LT, SR — s Tews ation Volume | —1 Dty kon Tebs . aton Uolime2 DI bon Tes..aion olune | —1

Default Rpply =11l 11 = 5 5375 =1l 50375

“ Manipulate Slice Views

EEENEEEE B =]

* Manipulate 30 View

P | BEEE
vt EE[E]2)]
g =3 Al A

&

= o
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fv Tensor Estimation

File E

: Select the Active Volume ‘Diffusion Tensor

| B

 Estimation 1’ and click on the tab Display

wolume Name: [dwiDatasst
Image Origin: | Fram File —

Image Orientatic From Fils

Label Map

Single: Fil
Apply
~ Display

¥ Diffusion Editor

~ Info

* Menipulate Slice Views

EEELNEEEE BT
* Manipulate 30 View

P EEEE e

et E

“olumes:

&start| | &1 http:ifplayers.tv-radio.c... || E] 3 Skicer version 3.

[ Mierasoft PawerPoint <[, | % untitled - Paint

r e

| @|f|« Hm G =D G @C] +e1em
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¥ Tensor Estimation

g AdeSt the Window/Level parameters of the
basellne volume using the slider

[ Select Volume File

“* Load

Imsge Orientatid From File —a
Label Map Single File:
Apply

Active Volums: Dift

* Display

Color Select: Grey

Irterpiolate —

i | 10436 fizz T ‘ A

i [ 4: e 4:@ s 4: 4:'@ ..... 4: 4:

Thresholel ot | [raran i 2 B ot e aton vorume 1 —1 |5 [T —i = & fom —i | = — | 2]i@] ==
1} 1l @) L |59375 L |50375

Update Histogram Interactively
[0, 13789] % [0, 1] =l

“ Manipulate Slice Views

EEENEEEE B

* Manipulate 30 View

P a8
L

3

LY

| ElErE
==

o

2l
LGS

(ZTele)
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Tensor Estimation

File Edit Wiew Window Help Feedback
lﬂm ....... Ll Dl (=] [l 18Rl [~ [A] [am) [l ] (5] [oal C7] (mml | [l (=] MEll g & [~

Browse through the baseline images, which
- correspond to the volumes that have been acquired
~ without gradient.

Imays wisiauy brom e —
Lzhel Map Single File
Apply
Active Volume: Diffusion Tensar Estimation Yolume =
“ Display
Color Select: Grey
Interpolate
windowievel | Manusl ‘1 043.8 |1 o
I
Threshold ot — |0 [iz7sn
J J
Updste Histogram Interactively
[0,13769] % [0,1] =l

“ Manipulate Slice Views

EEOLDEREE EE

* Manipulate 3D iew

¢ |EEEE e
— o LI
L
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Part2;

Scalar
Measurements
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f? Scalar Measurements

X >0 Select the category Diffusion from the list
g o of modules, and left click on the Diffusion

eeeeeeeeeeeeeeeeeeee

— - Tensor Scalar Measurement module.

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

St

nnnnnnnnn

Lirearhe Plarartieaziu Sphericalbeas

aaaaaaaaaaa

llllllllllllllllllll

EEENEEEE B

aaaaaaaaaaaaaa v

P | BHEER] e
é\vL =
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Scalar Measurements

Select the Input DTI Volume Diffusion

Select the Output Scalar Volume
‘Create New Volume’

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

nnnnnnnnn

R o | Select the Operation Fractional

Lirearhe Plarartieaziu Sphericalbeas

aaaaaaaaaaa Anisotropy, and click on Apply

— ; nore — |3 =]
ore —i 2 [ ot ere aton vormer — |
[ ][] | EE

%|E[E

llllllllllllllllllll

P | BHEER] e
o+ :
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Fractional Anisotropy
Volume

I

2 3D Slicer version 3.4
File Edit View ‘Window Help Feedback

@ El Weeltks: (16l Tensor Scain Weas vemen—1 E El El e — @ i % @
N|

Y spsiice

g

~ __Left click on the Slicer Viewer Menu icon, and

“ Diffusion Tensor Sc

- Select Show label volume outlines

=1s]x]

~ o
Input DTI Yalume | Difusion Tensor Estimation Volume  — | =
Output Scalar Yolume Ditfusion Tensor Sca.. Measurements Volume —1
“ Operstion
Estimation Parameters Determin: || RelstiveAnisc (K] Fractionalniz:
Linearhte (| PlanarMeasu [7] Sphericalveas
Defaut App = & T
st iy 5 i e o — 2 p— = wors =
R ey | 7] (Yeseapamry il -] e — | ] Y ——— =)
@[[=][=]] | [EZE @[[=][=]] | [rzs [s.0a7s

[l to wincow

Amust sl map opacity
[EE] shovw 1aet voiume outines
‘Shnw reformat widoet

omposting

“ Manipulate Slice Views lice spacing mods

EEENEEEE B .

Adjust display

* Manipulate 30 View
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[ Fractional Anisotropy
v Volume

=1s]x]

File Edit WVisw Window Help Feedback

[ [ woawe  poorrewor o msnsne S ANEEF EEEEEEEEEEE T

& | -~ Slicer displays the outline

T Help & Acknowledgement

of the tensor mask

Parameter set | pitfusion Tensor.. lar Measurements  —1 |-

overlaid on the Fractional

Input DTI Yalume | Difusion Tensor Estimation Volume  — | =

:
O S Vo B T 5 ot Vot Anisotro py VO lume

“ Operation
Estimation Parameters Determin: [ | Relative&nisc [E] Fractionalsnis:
Lineatte [ Planartsasu (] Sphericalvsas
Detault Apply

LiL
LHCIEN

B[E[E]
H
:

“ Manipulate Slice Views

EEENEEEE B
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[ Fractional Anisotropy
v Volume

== x|
B oo - Move the mouse over the
eeeeeeeeeeeeeeeeeeee = o
R Fractional Anisotropy
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ==
: S map to explore the FA
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu — |5 =
.................................. —— Va|ues WhICh range from
.........
St o e @ - 0to 1, and are displayed
i e ==

.-z in the bottom corner of
the actlve (BQ) wmdow
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Part 3:

Region of
Interest based
Tractography
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f? Tractography
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fv Diffusion Tensor

Stejskal-Tanner
S =G a3 DG
i 0

XX Xy XZ
Q:
yx Yy yz
ZX zy 7z
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Tractography
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f? LabelMap Generation

Select the module Editor

|n the modules menul.
@l B (o) () 0 () e ) [ (2
rﬁ‘ iDSlicer [ ‘ ‘
| |

Select the Source Volume

Diffusion Tensor Scalar
Measurements Volume

__— Select the label map
volume Working and click
on Create Label Map

llllllllllllllllllll

[ @ 2]
S ]
2 o | =)
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f? LabelMap Generation

=1s]x]

File Edit WVisw Window Help Feedback

B v =~ M E @

“ " Left click on the Slicer Viewer Menu icon, and

T Help & Acknowledy

. select Don’t Show label volume outlines

Creste Label Map

B o) (4] @] @] & ] (4 [£] @ i K [

“ Tools
Labell2 21 []
Active Tool Pairt B @
b =
Paint Over. &
Threshald Painting
T—
1l
Racus: 2
Smuige:

Enable Yolume Check Points

“ Manipulate Slice Views

EEENEEEE B
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f? LabelMap Generation

Select the label 2 (pink), click

on the icon Paint , set the

] [ s e il ()] (2] (@) [S) fad i .

B o | radius to 2 and draw a region

S : of interest within the corpus
callosum In the sagittal view
on a few slices

comal

ORI
BEE

CRED
BEE

llllllllllllllllllll

EEENEEEE B

aaaaaaaaaaaaaa v

P | BHEER] e
é\vL =
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fv LabelMap Seeding

Select the module

2 3D Slicer versiona.4

. Labelmap Seeding from

wnpeenn —i | [4] [2] [F) @] [ B8 @) |

B o the Modules’ menu

T Help & Acknowledgement =

“ Labelmap Seeding
Parameter set | | apeim. eeding —t | =

Status Completsd

Input DTI Volume | piffusion Tensor Estimation Volume  —

Input Labosl M | agorking — | o

Output Fiker bundle | | sbeimap Seeding Model?  —

Wyrite Fibers To Disk

Output Directory |

File Prefix Mame (line

|
M

“ Seed Placemert Options [ Foal — : fone — |5 [ =gl — = ten — 2 ] Cormal =
sosasmerap ]| | ] o g ] YR E— oy Y 1] [P — ot =]
Rervdom e P[] ]| LT 23 D[] ]l LT [ D[]« ]|

Linear Measure Start Threshold |0.3 4

“ Tractography Seeding Parameters
Minimum Length |10 ¥
Maximum Length 800 H _I

“ Manipulate Slice Views

EEENEEEE B

* Manipulate 30 View
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LabelMap Seeding

3D Slicer Vel ;Iilil
]| v e ) [ (@) [6) ] 6 2 ) =
B s

aaaaaaaaaaaaaaaaaa Select the Input DTI volume ‘Diffusion Tensor
....... _Estimation Volume’

aaaaaa

E

sssssssssssssssssss

aaaaaaaaaaaaaa

-~52 © Select Output Fiber Bundle ‘Create New Fiber
Bundle’
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LabelMap Seeding

woe e JAENEBEE T T T T T T T T T T T
B s Set the Seed Spacmg to 2 mm and
o e = g@l@ct the Stopping Mode Fractional
EEEEEEEEEEEEEE e ANISOtropy

ssssssssssss

Use the default parameters for the
InNimum and maximum tract length,
T topping value and stopping track
e — — Ccurvature.

DDDDDD

aaaaaaaaaaaaaaaaaaaaaaaaaaaa

.._D____ . Set Seeding label to label 2, and click

v p [EEE(L] o o On Apply
B — 7 1
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fv LabelMap Seeding

| ===

The tracts generated within  =uwez: .
the corpus callosum region __
appear in the 3DViewer. =

The color map used
represent the FA values

along the tracts T e e —
g O =g o —i =[] fomers — = — |21 [ e =
. S]] L1 | S]]l L1 o
uuuuuuuuuuuu B 3 J
EEEDEEEE BT
Bl @] &
~ | =R
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fv LabelMap Seeding

Select the module FiberBundles,
~ and click on the tab Tube in the

B e | Display panel

T Help & Acknowledgement

¥ Load

!
[
/

“ Display

FikerBundle Select: Lahelmap Seeding Model? :

Line | Tube | Glyph |

Line Display
isihility
Color By Scalar Fractional&nisotropy

Scalar Color Map Rainbow

Scalar Color Visibility

Clipping

Opacity

T ~

— nnT

——
& S—

Check the

AT
%, ¢

! Set Colar..

T Save

“ Manipulate Slice Views

EEENEEEE B

* Manipulate 30 View

P a8
L

3

L

| ElErE
<]
(=[]
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K
H )
1
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fv LabelMap Seeding

=1s]x]

File Edit WVisw Window Help Feedback

B v e (4 [7] (7] 8 [

B o) (& (@] @] & ] (4 2] 5§ i i (o

~ Help & Acknowledgement
¥ Load
“~ Display
FikerBundle Select: Labelmap Seeding Madel?

Line | Tube | Glyph |

Tube Display x
isihility
Colar By Scalar Fractional&nisotropy —

Scalar Color Map Rainbow

Scalar Color Visibility

Clipping

Opacity 1.0

f
! Set Colar..

Slicer displays the computed
tracts as tubes colored with FA

mEnnEEEE se—— § \/9|es.

- EEEE e TR %
e - 5 -
(oo =

— _-— e =
12 [ oittor er. amert votane iy

— |3 =[] [omeros e _emenss ome =1 ‘,.‘ =
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Part 4.

. Tractography
on-the-fly
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43 Fiducia Seeding

Select the module Fiducials o

B [E]| o e =[] EE] e B 0] 2] 8] [S] & i i (o

@ 3DSlicer

T Help & Acknowledgement

“ Modify &Il Fiducial Lists & Their Fiducial Poirts

“ Wodify & Selected Fiducial List 3 s Fiducials

Fiducial Lizt:

@]

Modiity List
Cther List Display Properties

* Add & Moty Individual Fiducials

= [T =] =1
Tlwoe % [+ - B

d I;ILI_

Distance: LI

“ Manipulate Slice Views

EEENEEEE B

* Manipulate 30 View

&

EE]
ER~

N
0

K

(ZTele)
]
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e Fiducial Seeding

Set Fiducial List to Create New FiducialList

File Edit Visw ‘Window Help

Bl [E]] s [ o
@ 3DSlicer

T Help & Acknowledgement

“ Modify &Il Fiducial Lists & Their Fiducial Poirts

Modify & Selected Fiducial List & fts Fiducials

Ficlucial List
Modify List P
Other List Display Properties -

* Add & Moty Individual Fiducials

LiL

B

CRED
o[BE]

4] | LI_I L
istance:

“ Manipulate Slice Views

EEENEEEE B
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e Fiducial Seeding

Left click on FiducialList

_1&( x|
s e mubieel_HWese gnd select Rename
o a |
.
m 3DSlicer
4
T Help & Acknowledgement =
“ Modify &Il Fiducial Lists & Their Fiducial Points
“ Modify & Selected Fiducial List 3 ts Fiducisls
Ficucial List FicucialList! ==
Cther List Display Properties -
* Add & Moty Individual Fiducials
B
([fore = [v [ B
[t | sl =1 nore — |5 E Sagmal — = e — | [ comial — |5 Hore — =
] o E| ] Ty ae—— oy Y 1] [P — ot JETY 1 [P —
=[] L1 [a3 & L1 &)
4| | 3 =
Distance: =
* Manipulate Slice Yiews
& 1
* Manipulate 30 iew
T 5] e
l\v Bl | Lol
e 2 EnlEa |
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e Fiducial Seeding

Enter the new name Seed

File Edit WVisw Window Help Feedback

so - o -comer o wase @0 Click on Apply

@ 3DSlicer

T Help & Acknowledgement

“ Modify &Il Fiducial Lists & Their Fiducial Poirts

“ Wodify & Selected Fiducial List 3 s Fiducials

Ficucial List Seed |

Moty List & =
o Mew name: [Seed
Cither List Displaty Fropsriss

* Add & Moty Individual Fiducials Cancel | | Apply

- L 1L
I 2 R

0
3

— =
= p ) “EE  e= — g o -
] [ o] E| ] Ty ae—— oy R ] [y —
B[] -F e [EZE B[[=][=]] | [rzs

<« | i

Distance: LI

“ Manipulate Slice Views

EEENEEEE B

* Manipulate 30 View
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e Fiducial Seeding

Click on the cross icon to add

Al Fiducial Lists & Their Fiducial Points

“ Wodify & Selected Fiducial List & it Ficlu

Fiducial Lizt:

Modiity List

’ﬁ—\  — =
Mew name: [Seed

“ ivld & Moty Individual Fiducials Cancel | | Apply
Lt 1]

Cther List Display Proj

B

d l;ldf

Distance: =l
EEEDEEEE BT
¢ Bl @] &
o = | =
g =3 Al A
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e Fiducial Seeding

The fiducial Seed-P1

appears in the 3D Viewer . .oue. .=

@ 3DSlicer ‘

T Help & Acknowledgement

|»

“ Modify &Il Fiducial Lists & Their Fiducial Poirts

“ Wodify & Selected Fiducial List 3 s Fiducials

Fiducial Lizt:

Seed
Modify List

Cther List Display Properties

& Modity Indivicual Fiducials

[#] = Ed 2| o |

==
[#]| seedP1 0000000 | 0000000 | OC

B

d I ;lﬂ_

Distance: LI
* ManipLlate Slice Views
EEEDEEEE e
* Manipulate 30 View
| EEEE e
S GgelE e | EEl
L EERE
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e Fiducial Seeding

=1s]x]

Position the fiducial in the |||a =
cingulum region located
above the corpus callosum

= Modify & Selected Fiducial List & s Fiducials

Ficucial List ‘

Modiity List

- Cther List Display Properties

* Add & Moty Individual Fiducials

Seed-P1 1931285 | 14495310 | 47,

d I ;lﬂ_

Distance: LI

“ Manipulate Slice Views

EEIDEEEE GE

* Manipulate 30 View

e | BlEER] o e
[ EEEEE

National Alliance for Medical Image Computing Diffusion Tensor Imaging Tutorial, S.Pujol, PhD
http://na-mic.org © 2010, ARR



http://na-mic.org/�
http://na-mic.org/�
http://na-mic.org/�

e Fiducial Seeding

P [=1|

Select the Seed-P1 fiducial:
we will use this fiducial to
drive the tractography

EEIEED  EalealE=]

“* Modify & Selected Fiducial List & Its Fiducials

EECeiE -

Fiduclal List: | Seed

Moy List:

Other List Display Properties -

ddd & Modify Individual Fiducisls

Seed P 540568 | 14691550 | 45

“ Manipulste Slice Views

“ Manipulate 3D View

P f |EEEE] e
~k I
LA
=
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Fiducial Seeding

Select the module Fiducial

2 3D Slicer Yersion 3.4 - x|
Fle Edit View ‘Window Help Fesdhack Seed I n B
B o [ s =] [0 [ @ B ) () (6] () 6 g

Q 3DSlicer
>
[t | ;I

Select FiducialList or Madel

Quiput FiberBundieNode: | Seed_FiberTracts —
Stopping Mode: | Fractioral Anisotrapy  —

Stopping Value 010
[
Stopping Track Curvature 0.6
[
Integration Step Length (mm) 0.5
L
Minimum Peth Length (mm) 10
(I
Fiducial Seeding Region Size (mm) 50 -
| I = — “EE e @] e ) — g
ol Somting Step S (o) 20 B o S [Eome oo — 2 ot (2 [ e vt e 1 | v |5 B omern e a1 |2
[ DT . S S| - = ST _— fraera
Seed Selected Fldusials
Misdimum rumbser of sesds o0
Display Tracks &s:
Enable Seeding Tracts =

“ Manipulate Slice Views

EEIDEEEE GE

* Manipulate 30 View

=&

[
(=]

2l
LGS

(ZTele)
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e Fiducial Seeding

Set the DTI Volume to Diffusion
Tensor Estimation Volume

Bl [E]| v ey | (4] (2] [ [ [
.
;

Parameters | parameters —i

Select DT Yalume: | piftusion Tensor Estimation Yolume —

Select Fiduciallist or Madel | aey

LI L) alr 4lr

COutput FiberBundleMode: | Seed FiberTracts —

Stopping Mode! | Fractional snisotropy  —

i Stopping alug a10

Stopping Track Curvature 0s
Integration Step Length (mm) 0.5 ||
y | Minimum Path Length (mm) 10 &)
f| Fiducial Seeding Region Size (mm) 5.0
Fl Fiehirial Saadinn Stan iza tmmy 4
— =l

“ Manipulate Slice Views

EEENEEEE B
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e Fiducial Seeding

Set the Stopping Mode to
Fractional Anisotropy and set the
tractography parameters to the
values that we used for the corpus
callosum:

'& Stopping Value: 0.1

uuuuuuuuuuuuuuuuuuuuuuu

s 2 -~ Stopping Track Curvature: 0.8
. - Step Length: 0.8 mm

- Minimum Length: 10 mm

Fiducial Stepping Size: 1.5 mm
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e Fiducial Seeding

Stopoia Track Curvatire 0 s i) ~“EE

— B vem |2 [E]fomenmemes v

Slicer dlsplays the tracts seeded
from the Fiducial Seed-P1.

The tracts correspond to the region
of the cingulum located above the
corpus callosum.
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Fiducial Seeding

File Edit WYew Window Help Feedback

]

!b} 3DSlicer
v

¥ Help & Acknowledgement =

* Tractography Seeding From Fiducial

Parameters | parameters —

Select DTl Volume: | Diffysion Tensor Estimation Yolume

Select FiducialList or Madel
Qutput FiberBundieMode: | Seed_FiberTracts —

Stopping Mode:| Fractional Anisotropy  —

L]

[ [ [l [

Stopping Yalue 040
[ -
- —
Stpping Track Curvature. 08 o — \% ke —aE: ot — |2 (] e —EE  coma —i |2 [@ e — [
I _I_I [ﬁl Workg — ‘% DMtz bon Teb..ment olime 1 ‘% okl — |% DMz kon Teb.nert Uolime 1 ‘% Wiorklug — |%| Dkl Ten.ne it Volimne 4 |%
Irteqration Step L h 0s =
egration Step Lengt (mmJI || Qﬂ\;“ Jeza K

Move the fiducial Seed-P1 from the
left cingulum to the corresponding
region in the right cingulum in the
coronal slice.

- 1e
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%3 Fiducia Seeding

Slicer displays the right cingulum
tracts which are seeded from the
new posmon of the fiducial Seed-P1

it R

(B2
[ =liE

(H
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f? Neurosurgical Application

andl\/lotor-

Courtesy of Alexandra Golby, MD, Peter Black, MD and Ron Kikinis, MD
Brigham and Women’s Hospital, Boston, MA
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Part b:

Saving a DTI
Scene
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f'? DTl Scene

¥ Help & Acknowledgement

“ Display & Modify Scene

- MRML Tree x

Scene d

Labelmap Seeding Model

Seed

Seed_FiberTracts

Labelmap Seeding Modell _FiberTracts

Slicer dlsplays the Ilst of
volumes and models
+— generated In this tutorial

Workhy — | [l D Te v vome 1 iU Totkig — | [l | e Te b e Vome 1 iU | Viarking

=[]0 11 [e3 [®]=][=]I 11 [rei2s RER

Display MRAL ID's

L MRML Mode Inspector Al

* Load & Add Scenes Or Incividual Datasets

Load nevw scene (close current)
Add & scene (o current)

=
Add data or a data directary LI =

= Manipulate Slice Yiews

EEIDEEEE

D @ @ -a \ ?-..
~k - VNS
! t%a
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f'?‘ Saving a DTI Scene

I3 30 slicer version 3.4

File iew Window Help Feedback
R

B [E] . EEE*-‘:—"“‘?““ & &l [2] (] @] & | + NN
@_ 30Slicer » ¥ F'J’ f \ \‘i
Select File>Save from

=101

“ Display & Modify Scene

- MRML Tree x
-
Scene d m n m n
oD ataset e al e u
Diffusion Tensor Estimation Yolume

Diffugion Tensor Estimation Yalume1

Diffugion Tensor E stimation Yalurme2

Diffusion Tensor Scalar Measurements Volume
Waorking

Labelmap Seeding Model

Seed

Seed_FiberTracts

Labelmap Seeding Modell _FiberTracts

L

Display MRAL ID's

L MRML Mode Inspector Al

* Load & Add Scenes Or Incividual Datasets

Load nevw scene (close current)
Add a soene (fa current) @ e - e =

sl et o & data directory = — H OGN Te . meas Voltme —1 ‘H
E ] -

= Manipulate Slice Yiews

] ([@lw T

“ Manipulate 30 Yiew

pee ey ) ey | a— ) ——

—_ |%”mmsm Ter.ners Volme —1 ‘% | Vatking —_ |% DGR Teb. eIt Volme —1 |H

EE | [7a12s E R 17 e

o] =&
g

Pof (=]
1|
v

L
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f? Saving a DTI Scene

File

——— Browse to the directory =

EIE)] o [ =

& ..  SlicerData to save the data an
o click on Save Selected

- MRML Tree

- il & e 1174 4
=

dwiD atazet Save Scene and Unsaved Data

Diffusion Tensor Estimation Volume _ Save Scene & Deta Options
Diffusion Tensar Estimation Volume1
Diffusion Tensar Estimation Yolume2
Diffusion Tensor Scalar Measurements 3

x

Change Destination for All Selected: | (L] ¢ iSicerDataiDiffusionDataset!

“whorking — —
o ] o us | File Format - Dita Dis =
Lahelmap Seeding Madsl? — —
Semd [Scene Description] [SCENE) Modified MRML ( mrml) =] | StiearScenet
Seed_FiberTracts dwiD atazet Diffuzioniwe Mot Modified MRRD (.nihcir) | | dwiDatazet.nhdr
Labelmap Seeding Modelf_FiberTracts
Diffusion Tensor E stimation Vaolume DiffugionT eh. Mot Modified MRRD (.nihcir) | | Diffusion Tensor Estima...
Dispiay MRML ID's Diffusian Tensor Estimation Volume1 Valume Modiied WRRD (.nncr) ~] | Diffusion Tensor Estima...

Diffusion Tensor Estimation Volume2 Vlume Modified WRRD: (.nhar) ~] | Diffusion Tensor Estima... | [LIC SlicerData/DiffusiorDataset, lm
r MREML Mode Inspector ——————————————————

Diffusion Tensor Sealar Measurements Volume | Valume Modified WRRD (.nhar) ~] | Diffusion Tensar Scalar... | [LIC SlicerDataDifusionDataset,
= Losd & Add Scenes O Individual Datasets Warking Volume Modified ‘warking.nhdr (L iSlicerDatabitfusionDataset

Load new scene (Close current)

Adid & sCens (to current) " we —

—

et olme 4
PR (| A data or & data directory T == T T =TT
=l = T SEL

I~
=
El

“ Manipulste Slice Views

23] )

“ Manipulate 3D View

ki
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National Alliance for Medical Image Computing Diffusion Tensor Imaging Tutorial, S.Pujol, PhD
http://na-mic.org © 2010, ARR



http://na-mic.org/�
http://na-mic.org/�
http://na-mic.org/�

Saving a DTI Scene

seme=s Select File>Close Scene to o
close the current DTI Scene 1

T Help & Acknowledgement =

“ Display & Modify Scene
MRML Tree

L 5cene -]

x

Display MRML ID's

MREML Mode Inspector -

“* Load & &dd Scenes O Individual Datasets

Laad new scene (close current)

ddl & scene to currsnt)

Ackd e or £ ceta drectary [ ak s Hore — |2 [&] gt one — = coorat — o s
Hane — nake = Hae Hare — = Nake — Hane — |
B, | Acidl scaler and b I
’5‘ I_J sealar and tensor volumes L‘;‘)l"’”' 0 L"")l"’l Bl 0

“ Manipulate Slice Views

) [

* Manipulate 30 View

Data
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f? Loading a DTl Scene

s Select File=>»Load Scene and browse

.. s

& -« to the location where you saved the

scene SlicerScenel.mrml

MRML Tree

L 5cene [-]

Display MRML ID's

MREML Mode Inspector

“* Load & &dd Scenes O Individual Datasets

Laad new scene (close current)
Acldl & scene o current)

==l

L
A4

fz; ]

—
—

E*. Add data or & data directory Al -'3 Howe sagttal [ Hore cComoial .Ii
]
E

FICEID

EE
LiL

ACEID

L L

BN

F

—

CUEH)

|2 [8] aeet seater and tensor volumes = E..\

“ Manipulate Slice Views
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IvH H_u

EEH
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(ZTele)

Data
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* Manipulate 30 iew
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Pt =
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f? Loading a DTl Scene

2 3D Slicer version 3.4
File Edit View ‘Window Help Feedback

& &

E iDSlicer

Modiks Dat

T Help & Acknowledgement

“ Display & Modify Scene
MRML Tree

L 5cene

Display MRML ID's

MREML Mode Inspector

“* Load & &dd Scenes O Individual Datasets

Laad new scene (close current)

Add & scene (to currsnt)

G| | B, | Add scaler and tensor volumes

“ Manipulate Slice Views

FECELEEEE

* Manipulate 30 View

Add data or a data directory

Data

Select the scene SlicerScenel.mrml
and cl

x

iIck on Open

I3 select File
@ 000

I Documents and Settings
I drivers

) i386

I Intel

|1 MS0Cache

| Pragram Files

) RECYCLER

I slicer

I SlicerData

DEHNEEHEHEHEH

I Temp'write
) trp
I Systemn Yolurne Information
) trrp
I Users
) wAND WS

I workshops
i | neal Disk (M)

| ]

HEBE

=1s]x]

: Modified time
I Temp'wirite 10/07/09 23.24:07
SlicerScenel.mml  B5 KB 10/07/09 23:24:07

Mame

14

CUEH)

File name: |

Hore
Open

=

File= of type: |Scenes Cmrml xml xcat)

—
ancel

R .

I )
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Loading a DTl Scene

N\ Select the module Data

2 3D Slicer  »rsion 3.4
File Edit vieW@aWindow Help Feedback

Bl [E]| v
> =

@ 3DSlicer

“* Wyelcome & About

3DSlicer

aset Welcom

3D Slicer s 5 fres open source softvars platform for medical imags
processing and 30 visualization of image data. This module contains
some basic information and useful links to get you started using Slicer.
Pleass sse our website hitp: (e siicer org and the documentation
on our wiki for more information

3D Slicer s distributed under a BS0-style license; for details about the
cortribution and softwars licenss agresment, pleass see

hitp: S slicer orgicei-bind icense/SlicerLicenseForm.pl, The
software has been designed for research purposes only and hes not
biesn reviewwed or approved by the Food and Drug Administration, of by

Hint to open any information panel below, click on its grey title bar

Don't show this module on startup

T Overview

=) E‘ llad =)

~ Basic & Extended Modules tove — |V;| — ‘F‘” tove — |’;‘ & Hove — ‘I?I
T— ] me—— Ty

¥ Loading Scenes & Data = |28.3 = T |7 125 I14_413

~ Manipulats Slice Views .

EEDDEEE

* Manipulate 30 View
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f'? Loading a DTl Scene

File Edt Wew “Window Help Feedback

& - M@

@_ 3DSlicer

¥ Help & Acknowledgement

“ Display & Modify Scene

- MRML Tree

Scene d

dwiDatasst

X

Diffusion Tensor Estimation Yolume

Diffugion Tensor Estimation Yalume1

Diffugion Tensor E stimation Yalurme2

Diffusion Tensor Scalar Measurements Volume
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Slicer loads all the elements
of the DTI Scene that were
previously computed.
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f? Conclusion

This tutorial guided you
through some of the
Diffusion MR capabilities of
the Slicer3 software.

spujol@bwh.harvard.edu

National Alliance for Medical Image Computing Diffusion Tensor Imaging Tutorial, S.Pujol, PhD
http://na-mic.org © 2010, ARR



http://na-mic.org/�
http://na-mic.org/�
http://na-mic.org/�

Acknowledgments

National Alliance for Medical Image
Computing

NIH U54EB005149

IiC Neuroimage Analysis Center
NIH P41RR013218

National Alliance for Medical Image Computing Diffusion Tensor Imaging Tutorial, S.Pujol, PhD
http://na-mic.org © 2010, ARR



http://na-mic.org/�
http://na-mic.org/�
http://na-mic.org/�

	Diffusion Tensor Imaging �tutorial
	DTI tutorial
	Outline
	Outline
	Tutorial Dataset
	DTI Processing Pipeline
	Start Slicer3
	Slicer Welcome
	Part 1:��Diffusion data loading and tensor estimation
	Diffusion Tensor
	Loading the DWI volume
	Loading the DWI volume
	Loading the DWI volume
	Tensor Estimation
	Tensor Estimation
	Tensor Estimation
	Tensor Estimation
	Tensor Estimation
	Tensor Estimation
	Tensor Estimation
	Tensor Estimation
	Tensor Estimation
	Tensor Estimation
	Part2:��Scalar Measurements
	Scalar Measurements
	Scalar Measurements
	Fractional Anisotropy Volume
	Fractional Anisotropy Volume
	Fractional Anisotropy Volume
	Part 3:��Region of Interest based Tractography
	Tractography
	Diffusion Tensor
	Tractography
	LabelMap  Generation
	LabelMap Generation
	LabelMap  Generation
	LabelMap Seeding
	LabelMap Seeding
	LabelMap Seeding
	LabelMap Seeding
	LabelMap Seeding
	LabelMap Seeding
	Part 4:��Tractography�on-the-fly
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Fiducial Seeding
	Neurosurgical Application
	Part 5:��Saving a DTI Scene
	DTI Scene
	Saving a DTI Scene
	Saving a DTI Scene
	Saving a DTI Scene
	Loading a DTI Scene
	Loading a DTI Scene
	Loading a DTI Scene
	Loading a DTI Scene
	Conclusion
	Acknowledgments

