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%4 DTI tutorial

This tutorial is an
iIntroduction to the
advanced Diffusion MR
capabilities of the
Slicer3 software for e ZZ
medical image analysis. -
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This tutorial guides you
through the process of loading
difftusion 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 Slicer3.6
1,

Data

Volumes

Diffusion Tensor Estimation

Diffusion Tensor Scalar Measurements
Editor

LabelMap Seeding

Fiber Bundles

Fiducials

Fiducial Seeding
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f ¥ 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.

J=11

Diffusion Diffusion

Sensitizing Weighted
Gradients Images
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laa DTI Processing Pipeline

DWI Tensor 3D
Acquisition Calculation Visualization
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f’? Start Slicer3

Linux/Mac users e ——— —
Launch the Slicer3 B o i

“ Welcoms & About

executable located in By sosiee:

wssl Welcome

the Slicer3.6 directory

Windows users e —
= & A EEE E
Select R ——
gmﬂﬂ 0 O

Start > All Programs R
- Slicer3-3.6-2011-03-04-> Slicer3
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fv Slicer Welcome

Eile Edit Viewew Window Hslp Feasdback

s [ e LT _ |
B osncer The SlicerWelcome module is the

- module displayed by default.

“ Welcome & About

@ °Psigst V This module gives an overview of the
GUI of Slicer3, and data loading & saving

3D Slicer is a free open source softeears platiorm f

visualization of image data. This module contains som . . .
10 get you stared using Slicer. Plegss soo our wasbeits h
documentation on our wiki for more information: l l n C I O l l a I I e S

L]

htio:ffeceres slicer.orafslicerWwikifindes:. ohoyDocumentati

Neos (Bl || rers
rm.pl. The softewars has been decigned = ~
=d or approved by the Food and Drug

panel balow, click on it grey fitle bar.

Don't showe this module on sarup.
“ Manipulaks Slice Views
(=] (e (3] L B [ B =

“ Manipular 3D View

e | EEE 2] e
A

=l
O
FEE
H D

None RAS: (87.3, 1.0, -125.0),
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Part 1:

Diffusion data
loading and
tensor estimation
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f? Diffusion Tensor Imaging

_ ~bgi' Dg,

(Stejskal and Tanner 1965, Basser 1994 )

D D

>

XX Xy XZ
yX yy yz
D ZX D zy zzZ
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v Physical Interpretation

The diffusion tensor D in the voxel (1,J,K) can be visualized as an ellipsoidal
isoprobability surface in which the principal axes correspond to the
eigenvectors.
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fv Loading the DWI volume

e dit Vieww Window Help Fesdback

3DSlicer

“ Welcome & About

P Select File> Add Volume from the
= S File menu

3D Slicer is a free open source softwane platiorm for medical image processing and 3D
visualization of image data. This module contins some basic information and ussful links
10 get you stared using Slicer. Pleass sea our website hiip:/fewerw slicer.org and the
documentation on our wiki for more information:

htio:ffeverer slicer.orafzlicerWwikifindex:. ohoyDocumentation-3.6.

}etyle licenss; for details about the conftribution and

siributsd
zoftears lic resment, pl
htip:/feverer slicer.orgfcqi-bin/Licensa/ S|
for ressarch purp
Adminisiration. or

fteears has besn designed
d by the Food and Drug

erLicenseForm.pl. Th
1 been reviewssd or appr

Hint: 1o open any information panel below, click on it grey fitle bar.

Don't showe this module on sarup.

“ Manipular Slice Views

fe (3]

“ Manipulars 3D View

None RAS: (87.3, 1.0, -125.0),
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fv Loading the DWI volume

Fils Edit Vieww Window Help Fesdback

T e A IE]

saarch modses

00 a0 Jrane | sie | ) e x
) .Trash S dwiDataset.nhdr 2KB Wed Sep 2 Farzs Directory Divids Sutesriec
) vainstall dwiDataset.raw.gz 31,909 KB Tue Aug 7 X
“ Wslcoms & About ) xmms =]
xnd |
) BIRN_IRB = {
B () Desktop va

3 ifusion Dataset. esorpion —Tvae | |1}

: 2 HelloPython
3DSlicer W e ) Tutorial Slides6610
version 3.6 [ fBIRN

7

) Freesurfer.Projects

) HowTo's
& Library
) mail .J
3D Slicer is a fres open source softeeans platiorm for medic —maia .
visualization of image dats. This moduls contains soms basic i (© MIND.Flles.Basics
0 gt you stared using Slicer. Pleass sao our websits hiip:iferan =) Pics

documentation on our wiki for mors information: ) public_html
htio:ffeverer slicer.orafzlicerWwikifindex:. ohoyDocumentation-3.6. l:l —

3D Slicer iz distributed under a BSD-<tyls licenzs; for deail
zoftears licen: resment, pleass
htip:ffevever.slicer.orgfcqi-bin/LicensafSlicerL icenssForm.pl. The( - volyme Oplions
for ressarch pur only and has not besn reviewsad or appro|
Adminisiration. or bv anv other aasncv Centored

X

Label Map Single Fils Name: |dwiDatszst
Hint: 1o open any information panel below, click on it grey i

Recent Volumes: | _ Browss 1o CWD!

Apply| | Cancel

Don't showe this module on sarup.

“ Manipulakr Slice Views

fe (3]

“ Manipulars 3D View

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

None RAS: (87.3, 1.0, -125.0),

Nationa/A/lianceI; Click on App|y to load the volume



f? Loading the DWI volume

=18l x|

File Edit Yiew Window Help Feedback

Motk Siketiebme — [ E e B[R] (A [2] (D) [ ] 8] [Z] (=1 (8] & - ‘v

@ DSlicer

|»

“ Welcome & About

{ 3DSlicer
@ el Welcome

ris a free open source software platform for medic Ilmag pro ng
ization of image dal This module contains some basi Irmal

Left click on the menu Modules and

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

select All Modules to display the list

Overvie: W

of 95 modules available for image

~ Loading Scenes & Data

e analysis and 3D visualization.

“ Manipulate 3D View

o)

. Select the module Volumes

[T

@
e

L

B2
[e[=]&
(ZTele]

oA
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f'? Loading the DWI volume

File Edit View Window Help Feedback

BB~ [ - —EYEE - BEEEEEE Select the Active Volume
B dwiDataset and adjust the

Volume Name:  |chwiDstaset 4|

Image Origin: From File —

s Window/Level Parameters

Label Map Single File
Keep all Apply Previous Next
Active Volume: dwiDataset

“ Display

D Componert [_| | 5

Lookup Table: orey -

@ Interpolate - :

‘Window Level Editor Presets: £ - :g — : E - - : = :
t.‘ “P‘ o — -0 = — 5 @ towe — : avioatuet =

B : . ¥ cT-abdomen | cT-brein | CT-ung =[]l 11 s |55 SEE] — =

Wolume Window Level Presets:

. ;- Bg: dwiDataset

N None

q WindowiLevet | manual i | [7126 05 " None
|-

Axial
Threshold: P 14618 5p: 3mm
e (4

“ Manipulate Slice Views

EEILNERER EE

“ Manipulate 3D View

P8
. L

‘a &
(8 8

Lb: Nofhe
oA

B2
(SIS
[e]=]&
(L]elfe]

Lb: None
Bg: Out of Frame,

Bg: Out of Frame,

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




fv Tensor Estimation

0 3D Slicer Version 3.6 RC3 —0Ox

File Edit View Window

L D] = E - B B (2] (2] (9] & ] [F [ B (E - ¥ - [
r‘\ 3DSlicer

2 Left click on the menu Modules and
select the module Diffusion Tensor
@ *bslicer Welcc Estimation.

3n Sl1cer is @ fres open source softwans platform for mecl csl |msge pmcsssl g snd ]
i = d

Saotta Av M.

Neos (E] [ law...=et

Hint: 1 open any information panel below, click on it grey fifle bar.

Don't showe this module on starup.

“ Manipulakr Slice Views

= @ 3 D B ) B G

“ Manipular 30 View

(=] [
=[]
(=]

H @7

P

Eﬂﬂ
gl
el
HER
(@
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f’? Tensor Estimation

Is Edit  View  Window Help Fesdba

Elle B ful
ey CAMuskon Tensar Estimation

HHEEE Select the Input DWI Volume
dwiDataset

“ Diffusion Tensor Estimation

w5, Left click on OutputDTIVolume and
——- select ‘Create New Diffusion
Tensor Volume’

e oo | eft click on Output Baseline
i lees . Volume and select ‘Create New
= Volume’

= O Left click on Otsu Threshold Mask
] and select ‘Create New Volume’

.
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f v Tensor Estimation

it View Window Help Fesdback

B &]| o | omsrresceaman — [ [«] ] [F] (@] |- B [0 (2] [#] (@) [ [ [ (2] B (@] [©] (2] | &~ % - [

' Select the Tensor Estimation

| Algorithm LS ( Least Squares),
and click on Apply to estimate
the tensors.

CRLARCR ORI N

Estimation Parameters [W] LS WLS NL

-

N |
Sagetad Neoos (==t
Naons a2t Neons
o [9][][] 2 [O][+[+]

-

None
al...et
12¢

Shift Negative Eigenvaluess
Oteu Omeaga Threehold Parameter (0.5
Remove lzlands in Threshold Mask
Apply Mask 1o Tensor Image

Default Apply

“ Manipulaks Slice Views

E M A E EE E (= (=]

“ Manipula®r 30 View

= @ _
- s
| [ l[=]
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f v Tensor Estimation

[2 3D Slicer version 3.6 =21 x|

File Edit View Window Help Feedback

B [&]] o | omemroreremans — [ [«] [0] [ [ o B0 (0] (4] 661 () (Sl 2] (2] [ ) ] & - [

@ 3DSlicer ] [\ /I

e Left click on Output Baseline Volume to
-~ -+ display the list of volumes that have been

Status Complet

.. cOmputed by Slicer

Output DTI Volume | & _y

Output Baseline Volume | & _y

<l L] [dy

Otsu Threshold Mask | | _

“ Estimation Parameters

Estimation Parameters [&] L5 WLS NL

Shift Negative Eigenvalues

Otsu Omega Threshold Parameter [0.5 »

Remove Islands in Threshold Mask

Apply Mask to Tensor Image

Defautt Apply

P ) o =l ) o s
0| ovemiesionmar s [T owpetsameme vome s |5 ﬁ otiTiesionmar s [ SE | optsweme vome |3
& v =3
Manipulate Slice Views |v"' “ 1 128 [5.4608 9 |\l”v “ 1] 129 [45887
EEDDEEEE BT Bhae ™ F b

“ Manipulate 3D View

@ @
: 2 O
| E
—_ | o ___
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f v Tensor Estimation

| Output DTI Volume is the volume of estimated tensoré‘

Output Baseline Volume is the Baseline volume

Output Threshold Mask is the tensor mask (blue)

—
—
put —
Otsu Threshold Mask | —
Estimation Parameters MLs WLS NL
ift Negative Eigenvalues
Otsu O d eter |0.5 »
Remove Islands in Threshold Mask
k to Tensor Image
I

“* Manipulste Slice Views

EEONEEEE EE

“ Manipulate 3D View

o |EHEE
' @E

B =1

(&
2

Rt D
LA R
—_— | [ ©
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f v Tensor Estimation

2 3D Slicer version 3.6 ==1x]

File Edit View Window Help Feedback

B [&]| woer [ omonreveremmn — | [4] [v] (2] [ | B (2] [ [8] [@) [ [ [2) [] [ ] & ¥ -

“. Slicer ya
N /
¥ Help & Acknowledgement

e GlICK QN the link icon,‘left click on Output
Threshold Mask and select None

Input DV Yolume | o

Output DTl Yolume | & _y

Output Baseline Volume | ¢ _y

D D D

Otsu Threshold Mask | | _y

“ Estimation Parameters

Estimation Parameters [&] s WLS NL

Shift Negative Eigenvalues

Otsu Omega Threshold Parameter |0.5 »

-
Remove Islands in Threshold Mask Nowe —_ Nowe — 5 E coral — 5 Nowe ==
Apply Mask to Tensor Image @ owpitExele olme 1 LT — Nore ovprtbaeine olime 1 | >

19 |68 128 [sasss (@[]l 129 [4.5887

Default Apply

“ Manipulate Slice Views

EREODEEEE EE

“ Manipulate 3D View

S

»

B2
30

Otsu Threshold Mask ‘ | O
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f v Tensor Estimation

File  Edit

Viewr Window

Hslp Feadback

P ses: CeMusion Tensor Esimation

[« 1 & @] =

&8 ] &= [@] @& [ = £ = (= (9] 2] B & - [
@ 3DSlicer ‘ | /
Select the module Volumes in the
modules toolbar

>
Remove lslands in Threshold Mask [#]

Apply Mask 1o Tensor Image [#]
Default

Apply
“ Manipulakr Slice Views

(B LB L
“ Manipulars 30 View

P s

EEEE @
I =

Diffusion Tensor Estimation Volume1 RAS: (26.2, 161.9, 256.8), Bg IJK: (105, €40, 18), Bg: Out of Frams,
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f v Tensor Estimation

2 3D Slicer Yersion 3.6 -8 x|

File Edit View Window Help Feedback

[E”_E] o+ s mE L BRG] (& Tl A E] G Cal 7] =) Ml | ] T | & | o

& - Select the Active Volume Output Baseline
= Volume’ and click on the tab Display

(] Select Yolume File

‘Yolume Name: Output Baseline YVolume

Image Origin: From File —

Image Orientation: | From File —
Label Map Single File

Keep all Apply vious Next

Output Baseline Yolume :
Y Display
¥ Info AN
M — - — -
Q Al Noe == @; saital — : Noe — Q; coronal — |8 Noke —
@ Nore owputeaseie Volme I | 5 Nore S[E| owtsaeme vome |5 Nowe ovprteaseine vome 1 |5
@=][=]l 19 [288 @=][=]] | 128 [saees  [@[=][+]] 129 [4.5887

“ Manipulate Slice Views

EREODENEE EET

“ Manipulate 3D View

Output Baseline Yolume RAS: (-156.1, -115.0, 32.8), By: Slice not shown, I | U
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f v Tensor Estimation

'D:ZiD Slicer Yersion 3.6 ==1x]

File Edit View Window Help Feedback

B[R] e e =[P E e B8 ][4 8] (9] G (7] [€) ] = @] &b - [0

= Adjust the Window/Level parameters of the
= paseline volume using the slider

Active Volume: Output Baseline Volume

i

“ Display
Lookup Table:

Interpolate

Window Level Editor Presets:

- SR

men | CT-brain | CT-lung

Yolume Window Level Presets: .
WindowiLevel: | panual
Threshold: off —lo [ra7ss L

I T Y ) | ] -] I R] | R
[ Update Histogram Interactively @ Nere — S| owtsmene vome s [T @ Hore — 2@ owsweme vome i[5 @ Hore — [Z[@]] owesweme vome i[5
0,13789) X [0.1] @|=]=]I 11 19 |68 =[]l 11 128 [saess (@[]l 11 129 [4.5687

=

“ Manipulate Slice Views

EEEL&EL

“ Manipulate 3D View

HE BT (@

v ElEE 2] - @
o = (1]
L EERE
| [ ©
National Alliance for Medical Image Computing Diffusion Tensor Imaging Tutorial, S.Pujol, PhD

© 2010, ARR



v Tensor Estimation

2 3D slicer Yersion 3.6 =18(x]

File Edit View Window Help Feedback

@IE‘ Al wm K e B v 1 et v -1 e K = v o e ey e ==l =1 A e e R AR —

B Browse through the baseline |mages which
... correspond to the volumes that have been acquired

- Without gradient.

“ Display

Lookup Table: Grey

Interpolate

Window Level Editor Presets:

+ | G [/
CT-abdomen | CT-brain | CT-lung

\/ImeV\ﬂde IP sets:

WindowiLevel | Manual i | [1956.6 |177

L
Threshol: off —lo [ra7ss

! J 7 ] ) T | = ) T
[ Updste Histogram Interactively @ . . : e = Nowe — 5 (B ovrtsaeme vomme s s
[0,13789] x [0, 1] O[] | 128 [sase8 (@[] | 129 [4.5687

=

“ Manipulate Slice Views

BN EEEE

“ Manipulate 3D View

1 [

0| EEEs 0
R‘LHEEH-% [T
MR =3 Y| =
| [ ©
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Part2:

Scalar
Measurements
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f ¥ Scalar Measurements

AD]EE

Select the category Diffusion--> Utilities

e = from the list of modules, and left click on the
e Diffusion Tensor Scalar Measurements
-module.

Grey
@ Interpolate
Window Level Editor Presets:
7 | G ' “»)
. o
% \ b CT-abdomen | CT-brain | CT-lung
Yolume Window Level Presets: =
WindowiLevel | Manual i | [1956.6 [rzz
Ik
rrrrrrrrr o [ra7ss o
ﬂ I E — : — 5 E il — :‘ = E — :‘ —
# Upd st Interacti @ Noke — : o == @ Nowe —_ : o == Nowe —_ : o —_
O]+ ]l O]+ ]l | O[]l L1 see7

| [ @
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f ¥ Scalar Measurements

Select the Input DTI Volume Output
DTI Volume

Select the Output Scalar Volume
‘Create New Volume’

w220 Select the Operation Fractional
s L Pt Anisotropy, and click on Apply
— Py (=] = s [O][=][=] = [ [=][=]
s |
II-EIffz
| = I
——— I




Fractional Anisotropy
Volume

B [E] e e rrcorssmnmesvena— | [4] [v] 7] e @] [l Fo. K. (ol

B e | -~ Move the mouse over the
Fractional Anisotropy
map to explore the FA

nnnnnnnnn — values which range from
e e ~ 0to 1, and are displayed

|n the bottom corner of

—':@

AAAAA
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Part 3:

.2/ Region of

yY/ AT .
| A 3 W7
RN
| A
S = —
'
:-." = V.
g |
/ {
//

Interest based
Tractography
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fv LabelMap Generation

Select the module Editor in the modules menu.

File Edit View Window Helg 2

BE e~ - EEr - BoresEIEDEE & 1o

B oo N Select the Master
e \>/ Volume as ‘Output

Output Scalar Yolume —_

S licaaliass gy

: Scalar Volume’

“ Edit Selected Label Map

L I

Active Tool:

B B

® s EN I
¥ fGE N
ME D

Check Points
P — -
—': — | E — @] Nowe — |
— : or — 5 @ ot Thesiok Ak I : orprtosatrvome 1 |5
128 [saees [ @|[][=]l LT 129 [4.5887

“ Manipulate Slice Views

EEIOBEEEE G

“ Manipulate 3D View

e |BHEEE &
o 2
v R

Output Scalar Volume RAS: (895, 148.7, 23.8), Bu WK: (38, -26,19), Lb: Out of Frame , B Out of Frame,
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Label Map Generation

I3 3D Slicer Yersion 3.6
File Edit Yiew Window Help Feedback

BIE]| e e =|[AD]EEfe BB B[R @ EE R E &1 T

&~ - Click 'Set " and select

=18l

¥ Help & Acknowledgement

\
— 4 ’
= (BRI x reate Nnew 10
Master Volume: Output Scalar Yolume . : Select existing label map volume to edit.
Label Map: | Otsu Thg@old Mask —1 | = ') [l
Merge Yolume: Otsu Threshold Mask
. create the seedin
Per-Structure Yolumes -
“ Edit Selected Label Map
o I L label map
]
Active Took s L ]
B e B E
E} @ = o
& dn
@ / N
< s //
/
//
L/ N
Check Pairts
g - — |2 ore — = [@] - — 2@ ore = @] commal ore — |2
ot Theslon Mk 1 : orprtomabrvome 1 | ot Theslon WAk 1 [N — O Thies okt Mask ovprtocalrvome 1 |5
@[=][=]I 19 [288 @[~ 128 [sases | @[]l 129 [4.5687

“* Manipulate Slice Views

EEIODBEEEE G @)

“ Manipulate 3D View

e |BHEEE &
C e e

B0
[e[g]
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fv LabelMap Gene

ration

IS 3 Slicer ersion 3.6 =1
File Edit View Window Help Feedbad
BIE] v = |[ARIEE ] B ] 4] [B] (6] & [ 2 E @ & 1 [@
«
»
| K 7
.@ pslicer a0l /
Create a merge label map for selected master volume Output Scalar Volume N\ /
Newv volume will be Output Scalar Volume-label. /
¥ Help & Acknowledgement Select the color table node will be used for segmentation labels. ]
- Color Table: . I =
Create & Select Label Maps Discrete v “l""”“ ” Labels >
Master Volume: Output Scalar Yolume Cancel | | Apply Shade > -
e
Merge Volume: Otsu Threshold Mask Set FreeSurfer 4 - Grey
PET »
O Cartilage MRI 4 - ren
Default Labels from File » I .Ra""bDW
e C I C O n e H [II ] }‘lce”e"chnatomyCo\oys - Ocean
H ‘Il I }‘lseneric(:olovs - Desert
Rename -InvenedGrey
ropaown pDox ana seiec -
MRI B
N\
Delete...
Di te and th lect K e
ISCrete an en seiec [T
UserDefined
—_— —
L a b e I S o ove 2@ o - — 2 g comal one s
. 28] e 2 @] ovmwoons  [[loreen — = JeE—— [
| 19 O=][+] - - EEEE 129 [e5687

Click Apply.

L ] |2 e ] ) ) ] (e

“* Manipulate 3D View

EHEE L]
Rt
L =R

Output Scalar Volume RAS: (-135.3,-115.0, 29.8), Lb: Slice not shown , By: Slice not shown,

[ (&

[

B o

- Magenta
.Wsrm1

Warm2

Yellow

Warm3

B coon
| =
| [

Illll lll II] Randomintegers
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LabelMap Generation

File Edit Yiew Window Help Feedback

@E Left click on the Slicer Viewer Menu icon, and
—- Select the label map Output Scalar Volume-label

Master Volume: Output Scalar Volume —
Merge Volume: Output Scalar Volume-label Set

Per-Structure Volumes -

“ Edit Selected Label Map

L I

Active Tool:

Check Points

— 2 — 2@ ore —
— ﬁ_ Ouprtosalr volme-bel 1 : orprtosatrvome 1 |5
128 [saees [ @|[][=]l 129 [4.5887

“ Manipulate Slice Views

EEIOBEEEE G

“ Manipulate 3D View

e |BHEEE &
o 2
v R

Output Scalar Volume RAS: (96.2,126.0, 23.8), By UK: (31, -2,19), Lb: Out of Frame , B: Out of Frame,
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fv LabelMap Generation

2 3D Slicer Version 3.6

File Edit Yiew Window Help Feedback

“ Creste & elect Label Maps
Master Yolume: Output Scalar Yolume = =
Merge Volume: Output Scalar Volume-label Set

Per-Structure Volumes

“ Edit Selected Label Map

Left click on the Slicer Viewer Menu icon, and
select Don’t Show label volume outllnes
ez 3] R B
Active Tool: Paint s 4 ]
B R B

Paint Over. E} @ ==
” Threshold Painting: ”— :e ) \\\\
J::‘:;,B— " ) Check Points \\\

“ Manipulate Slice Views

EEIOBEEEE G

“ Manipulate 3D View

Don't show label volume outlines

Y | T——

|| ovprtosar volme-sts1 —

QiR

owptscabrvolme

I L
Fit to window

@
Rmmem ‘olume Plane

Adjusi label map opacity
[EH]pont show tabe volume outines

Shuw reformat widget

Compusmng

ice spacing mode

hthox view

Adjust display

close

128

[l ]]

5.4688 129 [4.5687

v v v v
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LabelMap Generation

Select the label 2 (pink), click on the icon Paint , set
the radius to 2 and draw a region of interest within the
corpus callosum in the sagittal view on a set of 2 or 3

slices

Tl

CInEID 4
ElE) |

— :‘ —
Ovprtscalar Voln | : o —
=]l L1 5687

llllllllllllllllll

BEEEE B

@
EEE L] -
g .
~ el
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f? LabelMap Seeding

I3 3D Slicer Yersion 3.6

=18l
File Edit View
‘
»
{D DSlicer /|
/
¥ Help & Acknowledgement =
“ Labelmap Seeding
Parameter set| __ :
Status ldle
“ 10
Select the module
nput Label Map | [
L]
Labelmap Seeding from
Wirite Fibers To Disk
Output Directory [ I
e the Modules' menu
“ Seed Placement Options |
Use Index Space
Seed Spacing [2 y = — =
= pacmglmmw = Remmat == [ s & Retmat — 2@ [ = — =
o vonme-ceer  — | 5 (8] ovpreccamrvonme s |5 OvprtSzalar Volme-tel 1 orprtosalrvome 1 | = orpits — &
Linear Measure Start Threshold |0.3 » @ 15 [os @ |v“ - “ _lJ 125 Faies _J_l 129 [a8587
“* Tractography Seeding Parameters
Minimum Length [10 » LI
“* Manipulate Slice Views
EEONDEEEE EE
“ Manipulate 3D View
et | EE “
oK =
] =2

Output Scalar Volume RAS: (-63.5, -114.0, 26.8), By IUK: (201, 254, 18), Lb: 0 Black, Bg: 0.0
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LabelMap Seeding

B [E]| e wnpsas  — | [ [T o @] E

B Select the Input DTI volume
i ‘Output DTI Volume’

Select the Input Label Map
‘Output Scalar Volume -
label’

SeedSpacin:Zlnde = N = : — : .
e e mid oo Select Output Fiber Bundle
“ Tractography Seeding Parameters. ‘ n
[ e ] ¥ : Create New Fiber
EEI0EDEE Be e t P i)
“ Manipulate 3D View t
EEEE - ® Ly
~ el
lar Volume RAS: (165, ), Wi ‘ u
National Alliance for Medical Image Computing Diffusion Tensor Imaging Tutorial, S.Pujol, PhD
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LabelMap Seeding

am - —— -ozze— N the Seed Placement Options tab,

select Use Index Space.

llllllllllllllllll

e
.
1533, 115

_In the Tractography Seedlng
Parameters tab, select the ‘Stopping
Mode’ Fractional Anisotropy, and
use the default parameters for the
“minimum and maximum tract length,
stopping value, stopping track

= | curvature and integration step length.

In the Label Definition tab, set
‘Seeding label’ to label 2, and click

National Alliance for Medical Imz O n Ap p Iy

© 2010, ARR



fv LabelMap Seeding

The tracts generated within Pt
the corpus callosum region
appear in the 3DViewer. L R f// 4
The color map used
represent the FA values ' |
along the tracts. ]
) |
''''' ) — | —— | ——
et i viws R oo SBR[ cwesen: = Gl S o = e =
DNEEEE e[| L =8 | LT |
Bese - S
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LabelMap Seeding

Select the module FiberBundles,
-~ —m-=a— and click on the tab Tube in the
| Display panel

¥ Help & Acknowledgement

¥ Load

“ Display

= [
{
\ o
N - S /
FiberBundle Select: Labelmap Seeding Model = \ = - ‘ A
1
\ /
x ‘ /
Visibilty \
Color By Fractional&nisatropy =

|
Fiber coloring (& Tensor property
Fiber cluster ID
Scalar Color Map
Clipping

Opacity

I
! Set Color

5 Fa /
3 Y
2 /
" /
/
/
/

, | Check the visibility box
 to display the tubes.

EEIOBEEEE G '

| 19 %68 [

“ Manipulate 3D View

=L I\?‘
126 [r8125 |

e |BHEEE &

x| EEIRE

Output Scalar Volume RAS: (279.6,137.5, 23.8), By IK: (-165, 14, 19), Lb: Out of Frame , B: Out of Frame,
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fv LabelMap Seeding

File Edit Yiew Window Help |

EE| -
_@

Fremby

DSlicer

¥ Help & Acknowledgement
¥ Load
“ Display

FiberBundle Select: Labelmap Seeding Model

Line. | Tube | Glyph |

TubeDisplay
Visibility
Color By Fractional&nisatropy
Fiber coloring (& Tensor property

Fiber cluster ID

Scalar Color Map Rainbow

Clipping

Opacity 1.0
|

ﬂ Set Color

¥ Save

4

Slicer displays the computed tracts as
tubes colored with FA/vaIues. \_

- 0

Rebmat

“ Manipulate Slice Views

EEIOBEEEE G '

Owprtscabr Volme-kbel 1

[

BEIE

owprtseakr Volme

Nowe —

Al

REE

—

19 |268

= -
Renmat — : None — Renmat — Nowe —
ouprtocainvonme-tet 1 |5 (8| owprtocamrvome 1

4D

Ovpitscar Volme-kbel 1 Ovpitscalr Volue

[=][~]

—

[[~]

REE

“ Manipulate 3D View

v EEEe) - &
| (@B ][] o e
] =2

B

Output Scalar Volume RAS: (279.6,137.5, 23.8), By IK: (-165, 14, 19), Lb: Out of Frame , B: Out of Frame,

126 |7.8125

129 |4.5687
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Part 4:

Tractography
on-the-fly



—
I3 3D Slicer Version 3.6/
File Edit View Window

ok

43 Fiducial Seeding

r‘\ DSlicer

L4

“ Modify All Fiducial Lists & Their Ficucial Points

Select the module Fiducials
¥ Help & Acknowledgement : - -
s
- Modify A Selected Fiducial List & its Fiducials
Fiducial List:

| -
o
,///
™
FiducialList = \ N
G List Display Properties
. Add & Modify Individual Fiducials

NG
\
Bl

\

\
z B

\
.
| B
Distance:
List Distance:

Renumber Fiducials | | Rename Fiducials
Numbering Scheme:

UselD

—

o)
|

—

* Manipulate Slice Views

Ouprtszaar Volime

T

—

@
9

)

Sputszain ol
“* Manipulate 3D View

8 [B3
EECDBEEBEE R

s EEeE

one
|—‘ o
126 [78125

—
Ouprtszaar Volime

LT

CIDEI

129 |41

National Alliance for Medical Image Computing
© 2010, ARR

Diffusion Tensor Imaging Tutorial, S.Pujol, PhD



43 Fiducial Seeding

I3 3D Slicer Version 3.6.4-beta

File Edit View

=18l

» - Set Fiducial List to Create New FiducialList

¥ Help & Acknowledgement

“ Modify All Fiducial Lists & Their Ficucial Points

EESIEEY ER]eslls=] >

“ Modify A Selected Fiducial List & ts Fiducials

Fiducial List:

FiducialList -
Other List Display Properties -

“ Add & Modify Individual Fiducials

B
El

Distance:
List Distance:

Renumber Fiducials | | Rename Fiducials

Numbering Scheme: UselD —

* Manipulate Slice Views

EEDIDEEE

“* Manipulate 3D View

v EEL] - & .
: -

EET @
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File Edit View Window

@

OSlicer

43 Fiducial Seeding

Left click on FiducialList

RS FoealF=] 63
Mo lity A Selected Fiducial List & Its Fiducials
Fiduciel List FiducialList -
Other List Display Properties
& Modify Individual Fiducials
IIII__
=
E]
Distance:
List Distance:

Renumber Fiducials | | Rename Fiducials

Numbering Scheme: UselD

—

T and select Rename

=18(x|

Marnipulate Slice Views

/
e
7
‘ e
A
AN S
N -
\\ e
. S
N /,
.
\\ /
o — B ™ i = “Ha]
weson 1 [S[@] owezanome s [ oo omeswen
S]]~
18 [283 |

EEIDEEEE B @

Manipulate 3D View
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43 Fiducial Seeding

¥

Enter the new name Seed ... | -

and C|ICk on Apply

“ Modify A Selected Fiducial List & fts Ficucials

Ficucial List: Seed —

Other List Display Properties

“ Add & Modify Inclividual Fi

Distance:
List Distance:

Renumber Fiducials | |Rename Fiducials

Numbering Scheme: UseD —

— 2@ —s[@] ore

LT 126 [78125 \‘. LT

“ Manipulate Siice Views

EEINEEER B

“ Manipulate 3D View

I
N’L

Output Scalar Volume RAS: (175.5, 371.2,22.3), Lb: Slice not shown , Bg: Siice not shown,
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icon i - and position the
fiducial in the cingulum region
located above the corpus
callosum

nnnnnnn
nnnnnnnnnn

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

eeeeeeeeeeeeeeeeeeee

= —g) —EE =@ —ElE —Fla =
prr— —z@ - =@ ot | =@ ot | =)
D[] O[] [+ ]

| LT
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Fiducial Seeding

e Select the module Fiducial
Seeding

¥ Help & Acknowledgement

“ Tractography Seedin

Parameters | parameters —i | =

Set the Output FiberBundleNode
to Create New FiberBundle

Select DTI Volume: | output...olume —1 |

Select FiducialList or Model | geeq

Output FiberBundieNode: | Seeq_FiberTracts —1 |
Stopping Mode:

Stopping Value 025
f 1T
Stopping Track Curvature 0.7
(N
Integration Step Length (nm) 0.5
L1
Minimurm Path Length (mm) 20 -
(| = [l

Fiducial Seeding Region Size (mm) 50

Important: this step must be
done first

[ =
“ Manipulate Slice Views
EEONDEEEE G
“ Manipulate 3D View
@
E

J

(= &

EEE
[e[=]&
(ZTele]
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43 Fiducial Seeding

2 3D Slicer Version 3.6

e e s Oet the DTI Volume to Output
B e DTI Volume

Select the Fiducial List Seed

¥ Help & Acknowledgement

|»

“ Tractography Seedin
Parameters | parameters —i :
Select DTI Volume: | output...olume —1 |

Select FiducialList or Model | geeq

Output FiberBundieNode: | Seeq_FiberTracts —1 |
Stopping Mode:

Stopping Value

Stopping Track Curvature 0.7
Integration Step Length (mm) 0.5
Minimum Path Length (mm) 20 =
I I I Febmat =y = Noe — Petmat — Noe — Pemat — Noe =z
prtscakar Volume-} S| ovprtscanvol Seakar Volime-) ptscakar Vol prtscalr Voltme- patscakar Vol =
Fiducial Seeding Region Size (mm) wpitScalar volume-kbe | c E "W alar volume: _ tocalar volme-kbel patscalan Volune — wtocalar volume-kbel patscalan Volune - =
13 [43628 124 [ages 156 [21213

Bg: Output Scalar Volume

Bg: Output Scalar Volume
- None None
Lb: Output volume-kabel; Lb: Output Scalkar Volume- e
-,
“ Manipulate Slice Views * 3 e Reformat

Sp: 3mm!

EEDD ' ‘

Py L | \v
Manipulate 3D View ‘

Lb: 0 Black

Bg: 0.0
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%3 Fiducial Seeding

o a4 o w e e Set the Stopping Mode to

e e WEEET Fractional Anisotropy and set
the tractography parameters to the
values that we used for the corpus
callosum:

Stopping Value: 0.1

Fiducial Ses=ding Region Size (mm)

i e Stopping Track Curvature: 0.8

Seed Selectad Fiducials

= e i v Step Length: 0.8 mm
E @ OO EEE EE (=

“ Manipulakr 3D View

EEEE = Minimum Path Length: 10 mm

National Alliance for Medical Image Computing Diffusion Tensor Imaging Tutorial, S.Pujol, PhD
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eeeeeeeeeeeeeeeeeeee

Select Fiduciallist or Model | seeqd

Integration Step Length (mm) 0.8

Slicer displays the tracts seeded from the Fiducial Seed-P.

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

For better visualization, uncheck the visibility box under Tubes in the
Fiber Bundles module (Slide 42).
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43 Fiducial Seeding

=18l x|

File Edit Yiew Window Help Feedback

BIE]| v [ ooy | [ V] [F] (2] I@IIIIIIIIIIII% £ - [

@ 3DSlicer

e NOVE the fiducial Seed-P

“ Tractography Seeding From Fiducial

_.. from the left cingulum to

... the corresponding region

Stopping Mode: | Fractional Anisctropy

- IN the right cingulum in the

Stopping Track Curvatur

m coronal slice.

-
Minimum Path Length (mm) 10 J =
o @] rewe S E[@] e @] e S Z@] e ge[@]  eewe o 2[@] e
Fiducial Seeding Region Size (mm) 50
e — 124 [9845 142 [-8.0875
Fiducial Seeding Step Size (m) 1.5
L1 &l

“ Manipulate Slice Views

EEIOBEEEE G

“ Manipulate 3D View

e @ g ,
Bl C0E 2k
FiducialSeeding | Q
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43 Fiducial Seeding

aYala) \| 3D Slicer Version 3.6.1

File Edit View Window Help Feedback

(& ]| | e [ I E @& e B ] (A (@] (9] @ (7 (€] (7] (= () [S][2] B &
{‘D DSlicer 1 I _— ]r

= — = 2|

Select DTl Volume: | oyt me

Select Fiduciallist or Model | geed

Output FiberBundleNode: | FiherBundleNode

bl ] b e

‘ \
Stopping Mode:| Fractional Anisotropy |

Stopping Value 0.10 | = 2':"1

Stopping Track Curvature 0.8 \‘ “/
\ /

Integration Step Length (mm) 0.8 ‘\

. Slicer displays a portion of the right -
“ cingulum tracts which are seeded

., from the new position of the fiducial
' Seed P

FiducialSeeding
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Part 5:

Saving a DTI
Scene
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Nalale

File  Edit

¥ Help & Acknowledgement

-

Display & Modify Scene
MRML Tree

EH-Scene 7Y
— View

|— Default Scene Camera
—dwiDataset

— Output DTI Volume

— Output Baseline Volume

— Otsu Threshold Mask

|— Output Scalar Volume

— Output Scalar Volume-label
|—Labelmap Seeding Model
— Seed

'— FiberBundle Node

X

Display MRML ID's

MRML Node Inspector -

“ Load & Add Scenes Or Individual Datasets

\E‘ Load new scene (close current)
Add a scene (to current)
|§| E‘ Add data or a data directory

“ Manipulate Slice Views

EE LB LE

“ Manipulate 30 View

Data

— Select the module Data

\| 3D Slicer Version 3.6.1

>
an v A4

PR A
- e i
oy T— !
e AN
y “
/ N\
. \\
yd N
2 =] Rotemat ] Neno =l Rotemat Neno -
Cutat seai vome 2 Cutbut St vatme-ibel ]| cutur scat veame = Cutbut Stz vatme-iel Cuut S vame =
268 128 [5.4688 129 [4.5687

Pl Slicer displays the
@M Y list of volumes and
PN models generated in
el this tutorial

Q4
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m OO

File Edit View Window

fv Saving a DTl Scene

Help Feedback

X/ 3D Slicer Version 3.6.1

OEE@F-

- B8 (6] (4] @] (@] & 7] (@ 7] = @]

Select DTl Volume: | oyt me

|

s —
Select Fiduciallist or Model | seeqd

Select File>Save from

FiberBundleNode
Stopping Mode:| Fractional Anisotropy

the main menu

| o /J' |
\ - 5 — i L ]
\ P Ty
| e i
\ o - /
\ &8 ;
\ _ e ."‘I
Stopping Track Curvature 0.8 \v‘ j
1 / - !
\ S /
\ / /
Integration Step Length (mm) 0.8 \\ 4 /
-
Minimum Path Length (mm) 10 Rotomat Hene > Rotmat
Cutput Sc s vokme.-1bel Cutput Scalar voume ~ Cutput Sc sl veume.lbel Cutput Scalar veume
Fiducial Seeding Region Size (mm) 5.0 S 55.407
Fiducial Seeding Step Size (mm) 15
Seed Selected Fiducials

143
“ Manipulate Slice Views

Cutput Scalar Vome
115 |16.999
B ‘ 5]
“ Manipulate 3D View
P8 o)
R T t s
a2

FiducialSeeding
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fv aving a DTl Scene

Browse to a directory where you would like to save
the data. Once you have selected a directory,
select all the files that have been created during
this tutorial and click on Save Selected

[ X
Save Scene & Data Options X
= @aﬁon for Al Selectec: | (30: BlicerDmaDiff@
Sokct_Node Nane Node T [NodeSias |FleFoma__—[Flelane ——[Doaieay |
[Scene Description) GECNE) Modified I—_[ SlicerScenel [ p:SlicerDataMiffusionDataset!
| dwiD ataset Diffusionwei... | Mot Modified IWI dwiD ataset.nhdr (D SlicerDataDiffusionDataset
Output DT Volume DiffusionTen... | NotModiied | [NRRD (nhar) +] Output DTI Volume.nhdr | [J0:/SlicerDataiDiffusionDataset
Dutput Baseline Volume Volume Modified [NRRD Cnrrel) | Output Baseline Volum... | [_ID:/SlicerData/DiffusionDataset/
Otsu Threshold Mask Volume Modified |NRRD (.nrrd) j Otsu Threshold Mask.n... | [LJD:/SlicerDataDiffusionDataset/
Output Scalar Volume Volume Modified INRRD (.nrrd) j Output Scalar Yolume.... | [_JD:/SlicerDataiDiffusionDataset/]
Output Scalar Volume-label | Yolume Modified |NRRD (.nrrd) j Output Scalar Yolume... | [CJD:/SlicerData/DiffusionDataset/
| Labelmap Seeding Model FiberBundle Modified |POIy Data (.vtk) LI Labelmap Seeding Mo... | [_D:/SlicerDataDiffusionDatasets
Seed FiducialList Madified [Ficucial List CSV (fosv) v| | Seedfesv (p:/SlicerData/DiffusionDataset
Seed_FiberTracts FiberBundle Madified IPon Data (.vtk) ﬂ Seed_FiberTracts. vtk [_D:/SlicerDataDiffusionDataset/

Save Selected Cancel
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fv Saving a DTl Scene

30 Slicer Version 3.6 RC3 — & X

Window Help Fex

- Select File>Close Scene to
close the current DTI Scene | ]

“ Weslcome & About

3bslicer Welcome

3D Slicer is a fres open source softewars platform for medical image processing and 30 S .
visualization of image data. This module contains some basic information and ussful links = ~
0 gel you sarned using Slicer. Pleass see our webeie htip:ffweew slicer.org and the
documentation on our wiki for more information:

htio:/ffereree slicer.orafzlicerWwikifindeax. ohofDocumentation-3.6.

SD-style licensa; for details about the contribution and

3D Slicer is distributed un
softeears licen re 1. p
htip:/fecerer slicer.orgfcqi-bin/LicensafSlicerLicenssForm.pl. Th
for reesarch pur = only and has not besn reviewsd or app
Adminisiration bv anv other aaencv

on decigned
and Drug

Hint: 1o open any information panel below, click on it arey fille bar.

Don't show this module on sarup.

“ Manipular Slice Views

Fed (1]

“ Manipular 30D View

Nons RAS: (87.2, 1.0, -125.0),

National Alliance for Medical Image Computing Diffusion Tensor Imaging Tutorial, S.Pujol, PhD
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fv Loading a DTl Scene

30 Slicer Version 3.6 RC3 — & X

i Window Help Fex

== - - oelect File=>Load Scene and browse
L e to the location where you saved the

scene SlicerScene1.mrml
@ 3bslice! Welcome

3D Slicer is a fres open source softwars platiorm for mecl cal imags processing and 30 y "
visualization of image dawa. This module conains some bas h:n mation and ussful links L

0 gel you starned using Slicer. Pleesese-aourwebeie htip:ffew
documentation on our wiki for more information:
htio:/ffereree slicer.orafzlicerWwikifindeax. ohofDocumentation-3.6.

== ‘vm (5] cors ‘M
Noos Noos Noos Naoos

Don't shows this module on sarup.
“ Manipular Slice Views

=] & L B ) EE

“ Manipular 30D View

| EEEE e
| @ [ ][] - = Ol
U e R

Nons RAS: (87.2, 1.0, -125.0),
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fv Loading a DTl Scene

Select the scene SlicerScene1l.mrml

and click on Open

Eile Edit Vieww Window Help Fex
— B—
‘ i) 3pslicer
“ Weslcome & About =
2 select File

3D Slicer is a fres open soun
visualization of image dawa. This
1o get you sared using Slicer. Ple
documentation on our wiki for mo
htio:/fferere slicer.orafslicerWwikifin

3D Slicer

distributad unde

resment, pl

htip:ffecerer slicer.orgfcqi-binfLicer
for ressarch pur = only and h:
Adminisiration bv anv other ac

Hint: 1o open any information

Don't show this module on stan

“ Manipula®r Slice Views

File name:

“
»

»-9-2 3
3 |) bBead0d1abd7ci42ca
# ) d0dbSceb7if1i57c3
) fc35e72b26bb70803aca30003f
# ) ProgramFiles
3 ) RECYCLER
3 ) SlicerData
) atlas
) DiffusionD ataset
() Editor
() FreeSurferTutorialD ata
() HelloPython
) LiverData
) Slicer3MinuteD ataset
) Slicer3visualization
() Slicer3visualizationD ataset
) SPL_PNL_Brain_Atlas2008
) System Volume Information

) tmp
=TI
a |

e1.mrml

28KB D

Modified time
/101

a=

None

None

=

[sticerscenet mrmi

Open

|:| E Files of type: |Scenes (.mrml xml xcat)

“ Manipulakr 30 View

Nons RAS: (87.2, 1.0, -125.0),

Cancel

=

National Alliance for Medical Image Computing
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File Edit View,

& &

fv Loading a DTl Scene

N &
@

X! 3D Slicer Version 3.6.1

“
»

am Select the module Data

\
r Scene

|
\
\
— View

X

\
\
\
\
\
S \
\
|— Default Scene Camera
—dwiDataset
— Output DTI Volume
— Output Baseline Volume
— Otsu Threshold Mask
— Output Scalar Volume

\ T
\
\
\
\
\
\
— Output Scalar Volume-label
— Labelmap Seeding Model
— Seed
'— FiberBundleNode
Display MRML ID's

MRML Node Inspector

1
¥

—
f
‘\'
!
¥ /
/ !
/O /
\ o f
\
| y ] i
Nena A sagta Nane -
Cutput e i veme-1b el Cutput Sc sl vome — Culput ¢ sar Veme.label Cutput Sc s vome -
-
9 [ss407 =
“ Load & Add Scenes Or Individual Datasets
@ Load new scene (close current)
Add a scene (to current)
(2| |E;| Add data or a data directory
“ Manipulate Slice Views

143 |-8.2255

Neao

EE LB LE

“ Manipulate 3D View

.

Cutput e iz veme

4

115 |16.999

Data
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f? Loading a DTl Scene

NaYela X! 3D Slicer Version 3.6.1

File Edit View Window Help Feedback
Bl ]| e L ME E-- B B & @ (@ & = (2 = @

E DSlicer i —

o
L

B &- ¥ - [

~

-

Help & Acknowledgement

“ Display & Modify Scene
MRML Tree

B+ Scene

—View

— Default Scene Camera
(—dwiDataset

— Output DTI Volume

— Output Baseline Volume
— Otsu Threshold Mask
— Output Scalar Volume
— Output Scalar Volume-label
(— Labelmap Seeding Model
— Seed

‘— FiberBundleNode

sagittal Corenzd Nens

Display MRML ID's

4>

Culput Sc s veme-ipal =L sl o Cutput Se i veme-1b el Culput Sc iz Vome

MRML Node Inspector
115 |16.999

“ Load & Add Scenes Or Individual Datasets

Load new scene (close current)
Add a scene (to current)
‘5\ ‘E\ Add data or a data directory

“ Manipulate Slice Views

EEIDEEEEEE

Manipulate 3D View

Data ué
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This tutorial guided you
through some of the
Diffusion MR capabilities of
the Slicer3 software for
studying the brain white
matter pathways.

spujol@bwh.harvard.edu
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fv Slicer Community

www.slicer.org
Mailing lists:
slicer-users@bwh.harvard.edu

slicer-devel@bwh.harvard.edu
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