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Tutorial Outline

This tutorial is an
introduction to the
fundamentals of
Diffusion MRI analysis,
from computation of
DTl data to 3D
visualization of fiber
tracts.

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Tutorial Outline

* Part 1: Basics of Diffusion MRI mapping of
white matter pathways

* Part 2: Hands-on Diffusion MRI analysis using
3D Slicer

Learning Objectives

Following this tutorial, you will be able to

1) Compute a diffusion tensor imaging (DTI)
volume from a diffusion weighted MRI scan

2) Understand the shape of the diffusion tensor
ellipsoid in different regions of the brain

3) Reconstruct the 3D trajectory of white
matter tracts from DTl data
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Tutorial Outline

* Part 1: Basics of Diffusion MRl mapping of
white matter pathways

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Human Brain

The human brain weighs between
1,300 and 1,400 g and contains

100, 000,000, 000 (100 billions)
neurons.

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Neuron

Cell
Body

Dendrites

Image source: BSC1007C Introductory
Biology, State College of Florida

Axons terminals
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Human Brain

Grey Matter White Matter
(neuron cell bodies)

(neurons axons)

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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Cerebral Cortex

The cerebral cortex is composed of folded grey matter

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Cerebral Cortex

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Cerebral Cortex

Grey Matter
(neuron cell bodies)

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Cerebral Cortex

Frontal Lobe:
Decision making
Problem solving
Planning

Temporal Lobe:

The cortex is divided into Memory

i Emotion

four sections called lobes. Hearing
Language

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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Cerebral Cortex

The lobes can be divided into
functional areas involved in
movement, vision, hearing,
touch, smell, thinking and
reasoning.

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Motor System

Primary Motor Cortex:

* Located in pre-central
gyrus of the frontal lobe

* Responsible for voluntary
movement

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Visual System

Eyeball
Optic tract
Optic nerve
Optic chiasm
Primary Visual

Cortex

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Cerebral White Matter

The human brain white matter is composed of
myelinated axons.

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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Cerebral White Matter

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Cerebral White Matter

White Matter
(neurons axons)

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Neuron

e Axons are coated with
electrical insulation
Axon called myelin

* Mpyelin increases the

"> speed of electrical
s communication

between neurons

Image source: BSC1007C Introductory
Biology, State College of Florida

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

White Matter Structure

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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White Matter Structure

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Human White Matter Exploration

Joseph Jules and Augusta
Dejerine: Neuroanatomy atlas
based on myelin-stained
preparations

(Anatomie des centres nerveux,
Paris, 1895-1901)

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Dejerine Atlas

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Structural MRI
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Structural MRI

Diffusion-weighted MRI

Uinusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Tractography

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

White Matter Exploration

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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Diffusion Weighted MRI

* First non-invasive
window on white matter
anatomy

* Measurement of the
diffusion of water
molecules in the brain
using diffusion
sensitizing gradients

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Diffusion Weighted MRI

In this example, the DWI scan was acquired with 12 diffusion sensitizing gradient
directions (S1-S12) and 2 non-diffusion itizing gradients (SO)

Diffusion MR e Human Brain
S.Pujo! 17

Diffusion Weighted MRI

* In grey matter and
cerebrospinal fluid, the
displacement of water
molecules is identical in all
directions: the diffusion is
isotropic

* In white matter, myelin
sheets and axonal
membranes act as barriers:
the diffusion is anisotropic

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Diffusion Tensor Imaging

Diffusion Tensor Imaging (DTI) is a
mathematical framework that was
developed to model the anisotropic
diffusion of water molecules in the
brain.
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From DWI to DTI

DTI

_poil 5. Si: DWI volume acquired with ith
Stejskal-Tanner (1965) Si = Soe bgi" Dg; gradient

S0: Baseline volume

iffusion MRI Analysis of the Human Brair
S.Pujol, ARR 2012-2017

Diffusion Tensor Imaging

S, = S,e Rk

Diffusion Tensor Imaging

Diffusion Tensor Imaging

S = Soeibghiri

1
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Diffusion Tensor

* The diffusion tensor in each voxel can be visualized as an
ellipsoid.

* The principal directions of diffusion of water molecules
correspond to the axis of the ellipsoid.

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Diffusion Tensor

-

A1=22=23 A1>>22, A3 A1~A2>>)3

Isotropic media
(CSF, grey matter)

Anisotropic media
(white matter)

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Corpus Callosum

* The corpus callosum is
a broad thick bundle of
white matter fibers that
connect the left and
right hemisphere.

 ltis the largest white
matter structure in the
brain

Image from Grey's Anatomy

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Corpus Callosum

Image from Grey's Anatomy

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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Diffusion Tensor Ellipsoid

AZ White Matter: Anisotropic Diffusion /

B: CSF: Isotropic Diffusion Q

DTI Color Map

Color coding:

Red: left-right
(e.g. corpus callosum)

Green: anterior-posterio

corticospinal tract)

r(eg

superior portion of cingulum)

Blue: inferior-superior (e.g.

2017/3/12

DTI Tractography
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DTI Tractography

|
e
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LA

Seed Point

DTI Tractography

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

Tutorial outline

* Part 2: Hands-on Diffusion MRI analysis using
3D Slicer

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Tutorial DWI Dataset

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

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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Tutorial Software

Powerful processing. imlined interface. Extensible platform.

\ The tutorial uses the
> 3D Slicer software

version 4.3
on

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

Diffusion MRI Analysis of the Human Brain,

Diffusion MRI Analysis S Pujol, ARR 2012-2017

3D Slicer

slicer or ‘Slicer’ is an
n-source platform for
ving, analyzing and
__racting with
nedical imaging data

3D Slicer History

* 1997: Slicer starts as a
Master’s thesis project
between Harvard Medical
School and the MIT in
Boston, MA

The Limits
of Logic

Mapping
theUniverse |
(Germ War
against

* 1997: Slicer starts as a
Master’s thesis project
between Harvard Medical
School and the MIT in
Boston, MA

» 2017: Slicer is an open-
source software platform
for medical research used
around the world

2017/3/12
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Bridging the gap to accelerate translational research

A multi-disciplinary platform

An open-source platform for An end-user application for == o ‘ e P w3

imaging scientists clinicians e ‘ IDSlicer ' A\ :

== s .

Algorithm Development|_" I Problem solving

A software platform that is both I I
easy to extend for scientists & easy to use
for clinicians
3D Slicer Community MR Diffusion Analysis Pipeline

| [

 Clinicians

» Clinical researchers
* Engineers

» Postdoctoral fellows
* Medical Students

* Engineering students
» Software developers
» Staff researchers

* MR Technologists

DWI Tensor Scalar 3D
Acquisition Calculation Maps Visualization

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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Step 1:
Loading the DWI
dataset and mask

Diffusion MR
S.P

nalysis of the Human Brain
I, ARR 2012-2017

e Edit View Help

fa B s IModules: | @ welcome to Slicer = PO a«d s H t-8 w i -@e
B @00 (] DiffusionMRI_tutorialData "
- B = B ERIEREN R »
Welcome [rame v Date Modifed Size | ind
b dwi.raw.gz 30 Jan 2012 04:52 pm 67,7MB  gzipc...a)

=5 Load DicOM Dara
 Customize stcse

+ About

* The Main Window

* Loading and sming

* Oisplay

* Mouse & Keyboard

* Dotumentation & Tutorials

* Acknowledament
-~ Data Probe

Loading the DWI Dataset

 dwi.nhdr
Open the directory DiffusionMRI_tutorialData and
select the file dwi.nhdr

012 04:52 pm 3 KB Texted..§

Drag and drop the file dwi.nhdr
onto the viewer of Slicer

Diffusion MRI Anal
S.Pujol, /

e Human Brain,
2-2017

Loading the DWI Dataset

File Edit View Help

da 28 & |Modules: | D Welcome to Slicer (=00 0 e s HIt-1E =& -
= ]
Welcome
i Load DICOM Data i Load Data

# Customize Slicer © Download Sample Data

+ About
— Start the 3D Slicer
* Loading and Saning

software

* Display
* Mouse & Keybaard

+ Documentation & Tutorials

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Loading the DWI Dataset

" The ‘Add data into the scene’

fa g PO @/ Hit-H ™ +- @O
window of Slicer appears
B o
Welcome
Choose Birectoy 1o Add Chaose Flel) to Add Show Options
s Losd DICOM Dota e Lod
e T [ Fie Descrgtion
4 ents/Slicerddatasets/ D fusionMAI_tutoralData/dwinhds Vahume 1
+ abaut

+ The Main Window

* Loading and saving
+ Display
* Mouse & Keyboard

mentation & Tutarials

+ Acknowledsment
= Data Probe

Click on OK to load the
DWI volume

Diffusion MRI An.
S.Pujol,

the Human Brain,
2012-2017

2017/3/12
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Loading the DWI Dataset

2o B4 & IModues: - | welcome to Sicer J =0

Q90 ad 2 Hit-l8winl+- B

E Sticer
Welcome i
s Load DICOM Data iy Load Data
# Customize Slicer @ Download Sample Data

.. Slicer displays the DWI
.. volume

* Mouse & Keyboard

* Documentation & Tutorials

* Acknnwledament =
- Data Probe

;
Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
Loading the DWI dataset
23 24 & |Modules: . © Volumes = 00|00 2 & A& Wit~ 8= +- @@
1] 1

B~

+ Halp & Acknowlsdgement

hctive Volume dwi
» Volume Information

T In the Display Tab, the first DWI Component
“'"‘°""“'-“=. 0 _H (#0) corresponds to the baseline volume.

finterpotate:
[Window Lavel editor presets:

HIilNE@E A
W: 1356 2 Manual WAL + Liaes
[Threshaid: o =

R ——— LT
+ Histogram

- Data Probe

o

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Loading the DWI Dataset

e 2 Annatations Work in Progress »
ia 8 & IModules:
& Data

PO «a@ 2 Hit-18 ™ +- B

& DICOM
i e Click on the Modules
WelCom . s

menu and select the
module Volumes

 Transforms
S Load DICOM D3t gy y ey, Contiolers

# Customize Slicer @ yiolume Rendering

* About
B Welcome t Slicer

* The Main Window

Wizards ,

+ Loading and Saving Informaties >
fegistration  »

Dy segmentation >
» Mouse & Keyboare Guantification
Diffusian ,

* Dorumentation B Tutoris - 3
+ Arknwiedament Filtering »
- Data Probe Surface Models »
Comerters .

Endoscopy ,

E Utiites ,
i Develaper Tools
Legacy ,

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Tutorial DWI Dataset

Baseline Volume

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

2017/3/12
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Loading the DWI dataset

10 Sker 4.0

o

£ 2 & Modules: @ Volumes

B <o

2}

+ Heip & Acknowlsdgement

Kt Browse through the latest DWI Component (#42),
which corresponds to the 41t diffusion sensitizing
@ ]gradient.

- Display

gm
fntorpolate:
[Window Level editor presets:

CARSE U NON

W: 1356 2| Manual WL

[Threshaid: ot
00 *
» Histogram

- Data Probe

@nr

JITTUSION VIKI ANalysis OT tne Human srain,
S.Pujol, ARR 2012-2017

Loading the DWI Dataset

le Edit View Help
fa £ a Imodules: - @ volumes (= 0090 «d /W

Lo -@o
1

Select the DWI Component #10, which corresponds
to the 10t diffusion sensitizing gradient

10 3]

nterpolate: ¢
Window Level editor presets:

ANl

w: 771 7 Manual WL

friveshoid aff
- Data Probe
L
¢
]
; Diffusion MRI Analy he Human Brain,
Diffusion MRI Analysis '

S.Pujol, Al 2-2017

Tutorial DWI Dataset

42th diffusion
sensitizing
gradient

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Loading the DWI Dataset

e Edit View Help

ta B & |Modules: .| ®volumes A= Q0 00 ad s HMIt-B wm [= ]

B e

e e .| Adjust the Window Level editor presets with the
TR o . | Volume module menu

+ Volume Infarmation

- Display

= Scalar Displa

Window Level editor presets:

- AR

w: 771 7 Manual WL

- Data Probe
L
E
8
Diffusion MRI Analysis of the Human Brain,
Diffusion MRI Analysis

S.Pujol, ARR 2012-2017

2017/3/12
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Loading the DWI Dataset

e Ed View Help Position your mouse over the 1. pin icon, then
LR LTS = ~.%.% click on the 2. link icon and the 3. fit image to
B e . window icon

* Help & Ack . 01; )
« @)« n
ctive Volume
Voumeini] 1° B2 w000 4
- Display = 0.00

= Scalar Displ

nterpolate:
window Level editor presets:

off

W: 771 1 Manual WL

Diffusion MRI Analysis of the Human Brain
S.Pujol 22017

Loading the DWI Dataset

lle Edit View Help
ta B & |Modules: .| ®volumes 2| - Q PO a«d - H t-8 w i -@e

B @ conventional

B o

* Help & Acknowledgement

tive Volume dwi

+ volume Information

& 30 only

- Display

= Scalar Display i One-Up Quantitative

Wi ¢

oste:
odonw Leve ditr presets:

1 ™ fm
w1 Click on the Slicer layout menu and

... select the Red slice only layout

= Dald o

e Human Brain,

2-2017

Diffusion MRI Anal
S.Pujc

Loading the DWI Dataset

Position your mouse over the 1. pin icon, then
click on the 2. link icon and the 3. fit image to
window icon

1. 'Nan

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-20

Loading the DWI Dataset

le Edit View Help
fa B & IModules: - | @ volumes | -0

tive Volume dwi

+ volume Information

- Dicalan

- Slice through the volume to
. inspect the DWI data

nterpolate:
sow Level editor presets:

- 3

W: 771 1 Manual WL

friveshold oft
~ Data Probe

| Red mas:(97.3,35.7,-0.8) axial sp: 15
 None )

 Hone )

Bdwl (1,40, 47|Out of Frame

Diffusion MRI Analysi
S.Pujol, ARR

2017/3/12
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DW!I Dataset and DWI Mask

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Creating the DWI Mask

oo 10 S 43,0

&s & &5 Modules: @ Volumes =09 <&k AR Et-| 8 s -@e
Al Modules . - R
B o @ Annotations

-
2 DICOM
Help & Acknowledgemen | ¢\

Jctive volume dwi Markups B
Voluma Information | Modsls

« Scene Views - { A

Display . maenstoms  IN the modules menu, select the module Diffusion
et epiey oo Weighted Volume Masking

bW1 Component; s ® Volume Rendt

| cokup Table: Gray @ Volumes B
mup:lm: = ™ & Welcome to Slicer

Jiindow Level editor preset,  Multivielume Support

q Wizards
Informatics
W: 520 2| Manual WAL Registration B
. Segmenttion

reshold: Quanification .

[ TN . OWI to Full Brain Tractography
+ Histogram Lol * & Tractography Display
qpoagie TP Diffusion Data Conversion
= - ' Diffusion Tensor Images
Datn Probe Converters - "
f:i:,.,, Y 1 Tactography *| & DWI Joint Rician LMMSE Filter
Developer Tools ' & DWI Riclan LMMSE Fiter
[ Lagacy 4 DWI to DI Estimation
" Testing 4 Resample Scalsr/VectoDWI Velume

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Creating the DWI Mask

aon D smertzn
&5 4 fa [Modules: | & Dilfusion Weighted Volume Masking < = -0 O (@ © ~ 4 & & Eit-|8wn|+-@A

1. Select Output Baseline Volume to
‘Create and rename New Volume’,
and rename it baseline

(B osicer

-

+ Help & Acknawledgement

- Diffusion Weighted Volume Masking
Input DWI Volume dwi
g and rename it baseline

foarameter set: Ditfusion Weighted Volume Masking
-0

2. Select Otsu Threshold Mask to
s faseti ol Fasamms :
ctow Thessot ek (B / ‘Create and rename New Volume’,
Otsu Omega Threshold Parameter ————————— s
Remaove |slands in Threshold Mask N

3. Uncheck Remove Islands in
Threshold Mask

Status: Idle

Restore Defaults| AutoRun - Cancel | Apply 4. click on Ap I

~ Data Probe ply

L

F

B

i L)
Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Loading the DWI Mask

ann 30 Siker 430

&3 23 £ Modules: 4 Diffusion Weighted Volume Masking = =3 O | @ @ ~ & /e & M|t @ = @e
* QR

+ Help & Acknowledgement
- Diftusion Weighted Volume Masking

arameter set: Diffusion Weighted Voluma Masking O
- 10

fnput DWI Volume dwi "
Joutput Bassline Volume baseline B
Jotsu Threshold Ma: 0

. The dwi_mask appears in
o omese ™= the Red Slice viewer £
overlaid on the DWI image

Status: Completed

100%

[Restore Defaults | AutoRun - Cancel | Apply

- Data Prabe

L

F

B

o
Diffusion MRI Analysis of the Human Brain
S.Pujol, ARR 2012-2017
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2 2 & Modules: . Editor

g osiicar

» Heip & Acknowiedgement
- Create and Select Label Maps
Master Volume: | baseline

Merge Volume: cwi_mask
» Per-Structure Volumes

- Edit Selected Label Map

(el £)%0)m WS 8

@exr=z=oe

Loading the DWI Mask

=000 &Rk (Mit- 8w

enn

 Create a merge label map for selected master volume baseline.
New volume will be bassline-label.
Select the color table nade will be used for segmentation labels.

I} GenericAnatomyColors *

-@e

Loading the DWI Mask

ano 0 Slker 430

i 2 & Modules: | Editor (=0 PO - &k

E Sticer

» Help & Acknowledgement
~ Create and Select Label Maps
Master Volume: bassiing

Merge Volume: dwi_mask Set..
» Par-Structure Volumes

S
Active Tool: DetaultTool i
Label: jake 1
- Data Probe
H
B
T SPujol, ARR 20122017

Loading the DWI Mask

Zqﬁémm ~ Editor =-,o,‘>-.m:;"/”«.~¢ Bt @ - @A

E Sticer

» Por-Siructure Volumes
- Edit Selected Label Map
LIPS - T - |

@ o/xr x| 0@

UndofRedo: v «

Active Tool: DilateE!
Latel ™ i -

Eight Neighbors
+ Four Neighbors
Apply

?
~ Data Probe

L

F

B

Click on Apply 5 times to dilate

O] the original dwi_mask

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

e - Select the Dilate Effect
" ¢ 4L
-~ p— from the list of editing
N tools of the Editor
UndofRedo: .
module
Active Tool: Detaultivu
Label: jake 1 = I -
= Data Probe
L
F
B
Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
ooo s0starazn ’
B3 & & |Modules: . . Editor (=P s &Nk O t- @ ™ A -@e

& == Observe how the holes in the

. rersucts Mask have disappeared after the

. ean seeciee dilatation
m|se al%(0 o) E =
®exr =3 Z|0E

Undo/Redo: «w

Active Tool: DilateEffect
Latet Ioke i -

Eight Neighbors
« Four Neighbors
Apply

?)
|~ Dats Probe

L

F

B

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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ann

2a 2 25 |Modules:

E = Observe how the holes in the
mask have disappeared after the

dilatation
Selectec

+ Per-Structy

wE|w )30 E &

- Editor =00 P®  kAk (D t-| 8wl +- @A

LAk I SE I )

Loading the DWI Mask

30 Siker 4340

Undo/Redo: «
Active Tool: DilateEffect
el lake : -
Eight Neighbors.
« Four Neighbors
Apply
?|
~ Data Probe
L
F
]
)
Diffusion MRT Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
Loading the DWI Mask
Ia 25 fa Mocules: Editor

B =

+ Per-Structure Volumes

- Edit Selected Label Map

k(s v 428 B NS B

@ o x =TT

Eight Neighbors
« Four Neighbars.

2

- Data Probe

o

e

Apply

Click on Apply 5 times to erode
ask

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

Loading the DWI Mask

| o FETrrETy

Bs & &a Modules: - Editor =090 2 & Rk Bt~ @ w f

‘E sticer

+ Per-Structure Volumes
Select the Erode Effect

__ from the list of editing
tools of the Editor

- Edit Selectsd Label Map

module
‘ErodeEffect
Label: jake. 1 <
Eight Neighbors
« Four Neighbors
Apply

?)
|~ Data Probe

L

F

B

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

@A

Loading the DWI Mask

oo 30 Sicar 4.3

fa M Za Modules: . - Editor =090 L kR Bt @ &

* Per-Structure Volumes
[ €<t Opserve how the erode

= = - effect has reduced the size
@ o & of the brain mask

Undo/Redo: v |
Active Tool: ErodeEffect
Labet: Jake i -
Eight Neighbors
+ Four Neighbors
Apply
G
|- Data Probe
L
F
B

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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Step 2:
Computing the
DTI dataset

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

=
fa 4 fa Modues: - Edior
E sucer

» Per-Structure Volumes

|- dit Selected Label Map

AEFEARE-IOCIEE

LIl A NE)
Undo/Redo: |-+

Active Tool:
Label: Jake

Eight Neighbars
# Four Neightiors

Apply

7

|- Data Probe

From DWI to D'_I_'I

T - ——

(=0 >0 S &Rk Bt 8w + @A
== A

Click on the Modules menu and select
the module DWI to DTI Estimation

Diffusion MRI Analys
S.Pujol, AR

of the Human Brain,
012-2017

From DWI to DTI

Diffusion MRI Analysis of the Human Brain,

S.Pujol, ARR 2012-2017

+ Holp & Acknowledgament

- oWt DTI Estimation
arameter set; DWI to DTI Estimation
10

fa &4 fa Modules: | 4DWIto DTI Estimation =009 : — - — - :
-= 1 Select the module DWI to DTI Estimation
B s in the modules menu:

From DWI to DTI

-select the Input DWI volume ‘dwi’
-select Diffusion Tensor Mask

nput DWI Volume awi
Pittusion Tensor Mask  dwi_mask
foutput OTI Volume | dti

Joutput Baseline Volume baseline

- Estimation Parameters

festimation Parametars Ls «wis
shift Negative Eigenvalues

‘dwi_mask’

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

-set Output Baseline Volume to baseline

Festore Defauits| AutoRun -
- Data Probe

-select the Estimation Parameter ‘WLS’

(Weighted Least Squares)
w@ ]- click on Apply

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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From DWI to DTI

30 Slcer 430

3 £ Za |Modules: |4 DWI to DTI Estimation

B8 = n|+-@*

Q sticer - .00 2 Al dwi_mask

» Help & Acknowledgement

- DWI to DT1 Estimation
arametsr sst; DWI 1o DT Estimation :
- 10 B .
eomvame ¢ CliCk ON the small pin
pittusion Tensor mask ¢ jcon to display the slice -«
JOutput DTI Volume d ]
output Baseiine voume & MENU ~

- Estimation Parameters

ot -
Estimation Pe—-— o

ninegmve Click on the links icon to link all __% &, = - Axlal
three slices together ¢ +/0.00 2 i dwi_mask
H < [Z] None

= E baseline

Status: Completed

[Restore Defaults  AutoRun - cancel | Apply
- Data Probe

Click on the eye icon nextto 7

2017/3/12

From DWI to DTI

Click on the small pin
icon to display the slice

menu ~. —

Click on the links icon to Iiw_ < ~| Axial LN

three slices together

Click on the eye icon next to /

dwi_mask to turn off the
visibility of the mask

WJS-/,.«&« ot~

s /0,00 |~ 58 | dwi_mask
= [Z] | None

baseline

on MRI Analy
S.Pujol, ARR

uman Brain,
2017

L
4 dwi_mask to turn off the
visibility of the mask —
S.Pujol ”7‘\ 2012-2017 S
From DWI to DTI
ﬂ‘:%_ L5 |Modules: | @ Volumes =0 O>N® :;w'”: &k I t-|® e -@e
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—

» Help & Acknowledgement

Jactive Volume dti

» Volume information Click on baseline to
- display the list of
Scalar Mode: ColorOrientation : volumes

Lookup Table: [ 3

Interpolate:
| Window Level editar presets:

AN

Threshold: ot 3
500 - 800
» Histogram

- Givohs on Slices Disoiav.
- Data Probe

L
F
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Q Sticar

» Help & Acknowledgement
[~ DWI to DT1 Estimation

Parameter set: DWI to DTI Estimation
-0

input DW1 Volume dwi

output DI Volume  dti
Joutput Baseline Volume baseline

- Estimation Paramoters

[estimation Parameters s swis
Jshit: Negative Eigenvalues

[Restore Defaults  AutoRun -
- Data Probe

o

From DWI to DTI

23 # 23 |Modules:  |DWI to DTI Estimation

Prriusion Tonsor Mask &wi.me Select the volume dti

30 Siker 430

= 0000 2 &k A& Eit-8 =i+ @®
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Status: Completed

Cancel | Apply
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DTI Color Map

Color coding:

Red: left-right

Green: anterior-posterior

Blue: inferior-superior

Image from Grey’s Anatomy

Corpus Callosum

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

Exploring the DWI Dataset

30 Sicer 4.3.0

=0 090 - &k ik Bt-§ =n+- @A
- AR

£ 5 23 |Modules: . |4 DWIto DTI Estimation

B osiicer
-
+ Help & Acknawledgement

- DWI ta DTI Estimation

arameter set: DWI 1o DTI Estimation
- 10

Input DWI Volume dwi
Diftusion Tensor Mask  dwi_mas

- :
output DT Volume  atl Use the slider to browse through
jOutput Baseline Volume baseline .

the dti volume and locate the

- Estimation Parameters

esumaton panmetes 15 | Corpus Callosum

shitt Negative Eigenvaluss

Status: Completed

Jpestore Defauits _AutoRun - Cancel _ Apply
- Data Probe
L
F
B
Diff MR ATTatySISOf the-H 8 L
e R A TSOTT VIR ATt STS Of te-Huma Braf
Diffusion MRI Analy Puiol ARR 20122017
30 sicar 430
£y 5 %3 Modules: | xDWIto DTI Estimation =0 090 & % ok Hit-18~hl+-/0*
- ER
]
+ Help & Acknowledgement

~ DW1te DTI Estimation

P-a:;mlmm DWi 10 DTI Estimation Corpus Callosum
Input DWI Volume: awi

Diffusion Tensor Mask  dwi_mask

Output OTi Volume |t

Qutput Baseline Volume baseline

~ Estimation Parameters

Estimation Parameters s swis

Shift Negative Eigenvalues

Restore Defaults  AuloRun -/
- Data Probe

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

Diffusion Tensor Data

_ ¢ ,-bé' Dg
S, =8,e

Stejskal-Tanner equation (1965)

XX Xy xz

D=
D}’X Dyy D}’Z
sz Dzy Dzz

Diffusion MRI A
S.Pujol, AR
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5 £ & Modules: | 4 Diffusion Tensor Scalar Measurements : ™= (3 PO kA& B t-8 A+~ a
= R
& Fill in the following information:

» Heip & Acknawledgement

Fractional Anisotropy

10 o430

-Set Input DTI Volume to ‘dti’

aramater set: Diffusion Tensor Scalar Measurements

- 10
Input DT Volume  diti
Joutput Scatar Volume fa

- Oparation

fEstmation Parameters  Trace
Determinant
RelativeAnisotropy
+ FractionalAnisotrapy
Made
LinearMeasure
Planarbansurn

Restore Defaults  AutoRun -

- Data Probe

y| -select Output Scalar Volume ‘Create
new Volume’ and rename it ‘fa’

-Select the Operation ‘Fractional
Anisotropy’

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

Starus: Compiated
il
Cancel Apmyl

L
F
B

Diffusion MRI Anal
S.Pujol, AR

Scalar Maps: Fractional Anisotropy

* FA(D) is intrinsic to the tissue and is independent
of the direction of the diffusion sensitizing
gradients.

* FA(D) can be used to characterize the shape
(degree of ‘out-of-roundness’) of the diffusion
ellipsoid

* Low FA: High FA:

p
Diffusion MRI Analysis of the Human Brain, y

S.Pujol, ARR 2012-201

Fractional Anisotropy

snsieaesn
23 5 i |Modules: |4 Diffusion Tensor Scalar Measurements : = & O (@ © - & & 4 Eit-18wn|+- 0
igm 5030000

+ Help & Acknowiedgement

+ Diffusion Tensor Scalar Measurements
parameter set: Diffusion Tensor Scalar Measurements
- 10
Input OTI Volume  dti
Joutput Scalar Volume fa
- Operation
[estimation Parameters - Trace
Determinant
RelativeAnisotropy
+ Fractional Anisotropy
Wade
LinearMeasure

Plansridassiirs -
Status: Completed

PP s F I A d 7 I T 7 Fdsd i s daas s gl
JRestore Defaults  AutoRun - Gancel | Apply
- Data Probe

| Red RAS: (62.7, 4.5,0.0) Axial Sp: 1.5

L dwi_mask (22, 61, 47) 1 (1)

F None

Bta (22, 61, 47) 0.062713
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Fractional Anisotropy

30 Shcar 410

£ # & Modules: | &Diffusion Tensor Scalar Measurements | =
o Slicar

1

» Help & Acknowledgement

- Diftusion Tensor Scalar Measurements
arameter set: Diffusion Tensor Scalar Measursments
- 10

Input OTi Volume i

Joutput Scalar Volume fa

E‘:; Position your mouse over the
pin icon and click the ‘>>’
icon to display this table.

Set the background volume
 to ‘fa’ and be sure the soniice
foreground volume is still set ",

- oau to ‘dti’ with Opacity at .40

L
F
B

Diffusion MRI Ana
Pujo

Step 3:
Visualizing the
diffusion tensor data

of the Human Brain,

R 2012-2017

ann

gray matter regions
[
Operation

[ stimation Parameters

L dwi_mask (15, 61, 80)
Fatl 5, 61, 0)
Bis (15,61, 60)0'

Fractional Anisotropy

23 # & |Modules: . 4 Diffusion Tensor Scalar Messurements | ™ & O @ @ - & & & =N
il

Explore the FA values in the Corpus
Callosum and in adjacent gray matter

areas. Note how the FA values are high
in the white matter areas, and low in

30 Sheer 4340

Status: Completed

Cancel _Apply

Diffusion MRI Analysis
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&3 23 &3 [Modules: | @ Volumes
E
= Select the Viewing Mode
.~ Conventional

Display
- Scalar Display
bicalar Mode: ColorOrientation
| ookup Table:

nterpolate:
indow Level editor presets:

Wit |

3D Visualization: Glyphs

30 Slcer 400

DRI N X ] Elt-8~nl+-0
= [t Convemional

i Conventional Widescresn
[ Conventional Quantitative
¥ Four-Up

5 Four-Up Quantitative

14] Dual 3D

= Tripls 30

i 30 anly

i One-Up Quantitative

o Red siice only

) Yellow siice only

Ihreshold: off :
600 * 600
» Histogram
- Givohs on Siices Disalay -
be
8 Four by wo siice
81 Five by twa siice
L
H
B
Q
Diffusion MRI Analysi Brain
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5 2 & Modules:

Q siicer

Jctive Volume dii
Volume Information

Display
- Scalar Display

| cokup Table: [
rterpolate:

Irreshald:
600 *

Help & Acknowleggement

calar Mode: ColorOrientation

brindow Level editor presets.

3D Visualization: Glyphs

30 Slcer 430

O /knk (Et-Bwml+-@A

© Volumes 2= 0 0@
- @

= Conventional Widescreen
5l Conventions! Quanttstive

Click on the Modules menu and
select the module Volumes

i One-Up Quantitative
I Red siice anly.

I ellow slice only

T Green slice only

+ Histogram
- Givohs on Slices Disalay
robe

Diffusion MRI A

8 Five by two slice
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& Modules:

3D Visualization: Glyphs

30 Sice 430 -
@ Volumes = QO PO s kak |Eit-|Bwnl+- @A
1

hctive Volume dti

- Set the Active Volume to ‘dti’

and the Scalar Mode to

play
fscalar Moge: ColorOrientation

‘ColorOrientation’

=T

reshed:

+ Histogram

- Givehs on Siices Disolav
|- Data Probe

Diffusion MRI Anall
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3D Visualization: Glyphs

23 25 g3 [Modules: @ Volumes s -0 o

@ © - < Position the mouse over the pin
" — icon and select the ‘<<‘icon to
display the axial slice toolbar. Set
the Foreground to ‘fa’ and the
Background to ‘dti’, with the
Foreground opacity set to 1.00

+ Halp & Acknowisdgement

Jactive volume dt z
+ Volume information

~ Otsplay

- Scalar Display

Scalar Mode: ColorOrisntation
Lookup Tsbie: I

interpolate:

Window Level adilor prasets:

AR

Threshold oft B
500 * 00 .
» Histogram

~ Givohs on Siices Disolav
~ Data Probe.

| Red RAS: (519, 545, 10.5) Axial Sp: 1.5
L dwi_mask (89, 100, 80) 0 (8)
s (99, 1

9, 100, 60} 0
o (99, 100, 60) ColorOrientation 0
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3D Visualization: Glyphs

3

fa 08 2 Modues:  ©Volumes =0 OI00 KAk |EIit-i8wm +- Qe
g
B o
B oY N e B kA
—— = . Scroll down the module panel and:
g — o . -In the Slice Visibility section, check off
= the option for Red, Yellow, and Green
ice Visibility: + Red  Yellow « Green I
e ]  -Set the Color by Scalar parameter to
= —ana ‘ColorOrientation’
lyph Type: Ellipsaids &
o = -Set the Glyph Type to ‘Ellipsoids’
- ouia rose
.
.
-]
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3D Visualization: Glyphs

o
o B o Modules: @ Volumes 1= Q

B 5o
AR

. @ The glyphs appearin all 3
slice viewers

rreshoid: on
500 = 0 ;
+ Histogram

- Giypha on Slices Dispiay

iice Visibilty: < ed « Yallow « Grasn

fopacity R ——T ]

[scalar ColorMap: FullRainbow
jcolor by Scalar: | GalorOrientation
Jocalar Range:

Joiven Type:  Ellipsalas
fscale Factor:
fspacing:

|- Data Probe

L
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8
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3D Visualization: Glyphs

aasuaan

= Q>0 kak E1- 8w
-1

&5 2 & Moduies: . @ Volumes

-@e

, Zoom in to observe the glyphs. The
ellipsoids represent the principal
direction of diffusion in the brain

[Threshaid: on 0
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» istogram

- Giyphs on Slices Dispiay

siice visibilty: < fied « Yellow « Green

fopacty: B ——] L 5

Jscaler Colorttap: FulRainbow
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fscale Factor:
fspacing: —

|- ata Prabe

L
H
8

e Human Brain,
2-2017
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3D Visualization: Glyphs

B fg Mot musimes N Y L LY o
Position your mouse over the pin

& " jcon select the eye icon to
L] display the axial, coronal, and
sagittal slices in the 3D viewer

frieeshold:
600 *
+ Mistogram

- Giyphs on Siices Display

Jsiice Visibility: + Fled

Jopacity:

fscatar ColorMsp: FullRainbow
fcolor by Scalar: | ColorOrientation
Jocatar Range: E

Joivph Type:  Ellipsoids
Jocale Factor;
fopacing: —

+ Yellow

Data Probe.
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Step 4:
Generating fiber
tracts

of the Human Brain,
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Diffusion MRI tractography
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- Data Probe
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Position your mouse over the pin
icon and change the Foreground to
‘None’ and the Background to ‘fa’

i
'f
2
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- Giyphs on Slices Display
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Jopacity e [1.00
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Diffusion MRI tractography
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" Click on Apply to create an
empty labelmap
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- Create and Label Maps
Master Volume: |fa B
Merge Volume: Hone st
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Diffusion MRI tractography
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& 2 & |Modules: Editor
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Heip & Acknowiedgement
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Master Volume: fa [
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+ Por-Structure Volumes
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HEEL-IDE
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Unda/Redo:
Active Taol: DetaultTool
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Data Probe
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Diffusion MRI tractography
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+ Por-Structure Volumes
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Active Taol: DetaultTool
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F None
Bfa (83, 26, 25)0

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017

« @ o -/Saginal :|m W P 3w

Q ).-Lua_ fa-label

| Help & Acknowledgement 0.00 * 2 None

B

- Create g~ -ttt

wasiery CliCk ON the eye icon to turn on
wegeve the visibility of the fa-label
" volume
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"= your keyboard
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Diffusion MRI tractography

le Edit View Help
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* Help & Acknowledgement

- Create an Seect Lbel Mags
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Diffusion MRI tractography
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-Set the Input DTI Volume to ‘dti’
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-Set Output Fiber Bundle to ‘Create
and Rename New Fiber Bundle’ and
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ROI Drawing

) 9O e« s M t-H = -@e

Sy

Under Seed Placement Options, check
off the option for ‘Use Index Space’

Apply

Diffusion MRI Analysis of
S.Pujol, ARR 2012

2017/3/12

31



Labelmap Seeding: Tracts
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Labelmap Seeding: Tracts
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Fiducial Seeding
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- callosum fibers in the 3D scene
. [ m - o |- & [l

Translormed  Hide RAS

v Name Description R A £
Ja e S )|

» Advanced
- Data Prode

o

Fiducial Seeding

£ 1
9" .....
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Select the Output Fiber Bundle ‘Create New Fiber
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@
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S.Pujol, ARR 2012-2017

)
&3 23 &5 Modules: | & Tractography Interactive Seeding *

E.; .....
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|- Seed Placement Options
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Conclusion

This tutorial guided you through
the different steps of a Diffusion
MR analysis pipeline, from
tensor estimation to 3D tracts
visualization, for exploring and
studying the 3D architecture of
the brain white matter.
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