E b B D HEEEMRIFZE AT

Diffusion MRI Analysis of the
Human Brain

Sonia Pujol, Ph.D.

Director of Outreach, Neuroimage Analysis Center
Director of Training, 3D Slicer
Brigham and Women’s Hospital
Harvard Medical School

N—N—FKREZH



. #EE%.
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.

fundamentals : E##

computation : 5T &

visualization : AT48{L
Diffusion MRI Analysis of the Human Brain, fiber tracts : ﬂ&fﬁgﬁﬁ‘ﬁ?ﬁ
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Tutorial Outline

* Part 1: Basics of Diffusion MRI mapping of
white matter pathways mapping: #5 (= Eifg) O HE R

white matter pathways : B & (D #EH %) B8

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

3D Slicer :Y 7,7 DL



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

diffusion tensor : YEERT VL
ellipsoid : #§ 4%

Trajectory : BLEF

white matter tracts : (i) BB ##E R



Tutorial Outline

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



Human Brain

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

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

I BH
Grey Matter White Matter
(neuron cell bodies) (neurons axons)
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KNINEE
Cerebral Cortex

The cerebral cortex is composed of folded grey matter
YEFRNT:
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KNINEE
Cerebral Cortex
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Cerebral Cortex

Grey Matter
(neuron cell bodies)
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KNINEE
Cerebral Cortex

_ HIBEIE
FEYEES

Frontal Lobe:
Decision making
Problem solving
Planning

BRERE
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sensory: ERED

vision: fR&
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Temporal Lobe:
The cortex is divided into Memory i
) Emotion RfE
four sections called lobes. Hearing el
= Language é_g
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Cerebral Cortex

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

—REFHE
Primary Motor Cortex:

* Located in pre-central
gyrus of the frontal lobe

* Responsible for voluntary
movement

pre-central gyrus: B Rif[E]
voluntary movement: B F & &l
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Visual System

Eyeball
Optic tract
Optic nerve REREE
R 1 1%
Optic chiasm
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Primary Visual

Cortex

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



B E

Cerebral White Matter

The human brain white matter is composed of

myelinated axons.
o) LR
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Cerebral White Matter
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Cerebral White Matter

- W

White Matter
(neurons axons)
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il
Neuron

e AXons are coated with
electrical insulation
Axon called myelin =z

* Myelin increases the

Y;b speed of electrical
communication

between neurons

Image source: BSC1007C Introductory

Biology, State College of Florida eleCtrlcal |nSUIat|On : ( %E:/)—f") %ﬁ$%1$
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White Matter Structure
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White Matter Structure
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Human White Matter Exploration

HE

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

Neuroanatomy atlas : (BX)f#{Z 28| X 5L
myelin-stained preparations: ST 3

(Anatomie des centres nerveusx,
Paris, 1895-1901)
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Los fibres de pro-
jection du manteau
cérébral sont des fl-
bres corticifuges.

Leurs  aractéres
communs.

Leur trajet.

Diffusion MRI Analysis of the Human Brain,
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Dejerine Atlas

Les fibres de pre
teau ecérébral sont di

i

6. 1. — Schéma du systéme des fibres

de projection du mantean cérébral,

B.bulbe. — Ce, corps calleux, — CL, « orps
de Luys. — Cip, segment postérieur; Cisl,
segme sous-lenticulaire de  la capsule

e. — CR, couronne rayonnante,

faisceau pyramidal erojsé;

aisceau pyramidal direct: /P

ramidales homolatérales, Ln,

— NC, noyau caudé. VL troisién

ment du noyau lenticulaire. —

pontiques. — NR, noyau rouge.

bulbaire. — P, protubérance, Py pyra-

mide antérieure du bulbe, — Tk, thalamus, |
— VP, voie pédonculaire.



BiED (M) < BEED (functional)

Structural MRI
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BED (D)

Structural MRI

Los fibres de pro- Les fibres de pro
dection du et teau eérébral sont d
cérébral sont des fl-
bres corticifuges.

i

Leurs  aractéres
communs.

Leur trajet.

16, 1, — Schéma du systéme des fibres

de projection du manteau cérébral,

B.bulbe. — Ce, « orps ealleux, — CL, « orps
B de Luys. Cip, segment postérieur; Cisl,
segment  sous-lenticulaire de  la capsule
interne. — CR, couronne rayonnar
FPyc, faisceau pyramidal cro
faisceau pyramidal direct: fPyh
ramidales homolatérales, La, us niger,
— NC, noyau caudé, VL troisiéme seg-
ment du noyau lenticulaire Np, noyaux
pontiques. — NK, noyau rouge. — 0i, olive
By bulbaire. — Po, protubérance, Py pyra-
N J (AN mide antérieure du bulbe, — Tk, thalamus. |

Fhye-1 [ — VP, voie pédonculaire.
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Diffusion-weighted MRI
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Tractography
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White Matter Exploration

Les fibres de pre
teau cérébral sont di

irs aractbres
s,

Sehéma du systéme des fibres
de projection du manteau cérébral,

B.bulbe. — Cc calleux CL, corps

nt postérieur; Cisl,

nee. — Py pyra
. — Th, thalamus. |
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Diffusion Weighted MRI

JFEREE=FF(ZHA A—TUH LD
* First non-invasive

window on white matter
anatomy

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

diffusion of water molecules: 7K > F DL EX
diffusion sensitizing gradients : 55X #& HAE & (H415)

Diffusion MRI Analysis of the Human Brain,
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Diffusion Weighted MRI
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In this example, the DWI scan was acquired with 12 diffusion sensitizing gradient
directions (S1-S12) and 2 non-diffusion sensitizing gradients (SO)

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



Diffusion Weighted MRI

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

isotropic

cerebrospinal fluid (CSF): iX & 8/%
Isotropic: F 5K

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

membrane : &

Isotropic: JEF AR

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

mathematical framework:
MFEHTIU—LT—0 (FEE)

anisotropic diffusion:
FEFEAL(ARIZE-TELD)HLER

water molecule: 7K F




DWI(diffusion weighted image): ¥ &%5& 58 {% RERT Y VB

From DWI to DTI

DTI

- et 42

ol

'S8 s10

gradient:

e AR (Ri5)

. _ bgiT D é Si: DWI volume acquired with ith
Stejskal-Tanner (1965) § = S . ¢ =51 gradient
! 0 SO: Baseline volume
baseline : Z#
Diffusion MRI Analysis of the Human Brain, Volume: 7"2') :L—_Aj_-\\—g

S.Pujol, ARR 2012-2017 (3% ST {8 )
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Diffusion Tensor Imaging

S = Soe_bgiTi

l




Diffusion Tensor Imaging

l

Dxx ny D
@: b, D, D
D D D

S = Soe_bgiTi



Diffusion Tensor Imaging

S = Soe_bgiTi

l
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Diffusion Tensor

The diffusion tensor in each voxel can be visualized as an
ellipsoid. voxel: Rt )L =[E %

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

LBOERM@
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Diffusion Tensor

—-—

A1=2A2=2A3 A1>>22, A3 A1~A2>> A3
Isotropic media Anisotropic media
(CSF, grey matter) (white matter)
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Corpus Callosum

Tela choriaden of thard vendridle  Pogterior commissure
Intermediate mass |

Interventricular foramen Corpora quadrigeming

Powaivts * 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

P wiler

Genw
Rostrum
Anrerioy eommissire
Laminio terminalis

Optie recess
Optie chinsme

I'Jz_frmria'brntu.m}/

Corprs mamillore
Oevlovimator nerve
Cerebral agueduct Choroid plexus

Fowrih ventriels
Image from Grey’s Anatomy
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Corpus Callosum

Tela ehoriciden of third vendricle  Pogterior commisstre
Intermediate mass |
Interventricular foramen

Corpora quadrigeming

Pineal body
¢

Splenium

Pia weter

Rostrum
Anrerior commissire
Lawmiries terminalis
Optic recess
Optic chinsmea
Infundibulm /
Corpus mamillere
Oeulvmator nerve

Cerebral aqueduct Choroid plexus

Fourth ventriels

Image from Grey’s Anatomy
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Diffusion Tensor Ellié?gid

A. White Matter: Anisotropic Diffusion /

B: CSF: Isotropic Diffusion Q



DTl Color Map

Color coding:

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

Green: anterior-posterior (e.g
superior portion of cingulum)
&R E
Blue: inferior-superior (e.g.

corticospinal tract)
R E EHEER
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DTI Tractography
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DTI Tractography
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DTI Tractography

| v
52| |

I -4
R[Sy | Sy

seed: #& (1-12) =EfEHIR =
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DTl Tractography

BB (8)
DTI tractography provides 3D reconstruction of the

trajectory of white matter pathways
&, Sh=gi s



Tutorial outline

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



Tutorial DWI Dataset

Volume :
RN)1—-—LT—Z
= 3)X JT I B

@ &
& &
e &
e o
e @

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



Tutorial Software

Powerful processing. Streamiined interface. Extensible platform.

The tutorial uses the
3D Slicer software
version 4.3

‘o

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 5.Pujol, ARR 2012-2017



3D Slicer

F—Tov—X:
TASS LDV —RAa—FNAEEIhTLNS

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

' SCIENTIFIC | Schooland the MITn
- AMERICAN 554 Boston, MA

- Xray\n3|on"

Virtual r_eality gives surgeons e MaSter,S theSIS : (ﬁﬁl“%) ﬂ%io)i{ﬁ

something much better

The Limits
of Logic

Mapping - AN
the Universe

Germ War
against
Crops




3D Slicer History

 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
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A multi-disciplinary platform

An open-source platform for An end-user application for
imaging scientists clinicians

A software platform that is both
easy to extend for scientists & easy to use
for clinicians



Bridging the gap to accelerate translational research
R AL

Image courtesy of Arya Nabavi, MD

Algorithm Development] Problem solving
o] RE 2R

v P=U P WN;::E: ! |



3D Slicer Community

e Clinicians B&KE

 Clinical researchers ERERHRE
* Engineers

» Postdoctoral fellows HRzks

* Medical Students

* Engineering students

« Software developers

« Staff researchers #&

MR Technologists MRIDO# &




MR Diffusion Analysis Pipeline

INTSA=0EBDF|E

DWI Tensor Scalar 3D
Acquisition Calculation Maps Visualization
MhEATGIE  IETUVILHE  ZASER= 3RITAIRAE

IhERIZREd 5
E{R 45



Step 1:
Loading the DWI
dataset and mask

T—EDHEARAHERAXZT

Diffusion MRI Analysis of the Human Brain,
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Loading the DWI Dataset

File Edit View Help

Modules: . BYWelcome to Slicer s - QPO «d ~ t-1 @ M S -
® @ ]

[

=

iDSlicer

Welcome

== Load DICOM Data = Load Data
& Customize Slicer & Download Sample Data
* About

* The Main Window

Start the 3D Slicer
software

* Loading and Saving

» Display

[ | : e v s : o .
» Mouse & Keyboard RS 5:0.00 -Y* R: 0.00 [ G A:0.00

* Documentation & Tutorials

» Acknowledgment =
~ Data Probe




Loading the DWI Dataset

File Edit View Help

4 o \
ﬁ Modules: £ Welcome to Slicer

@00

1m0 9O &d s t-E8 R+ B0

p
[N S

.| DiffusionMRI_tutorialData e

Welcome |

%s Load DICOM Data

# Customize Slicer €

» About

* The Main Window

* Loading and Saving

» Display

* Mouse & Keyboard

* Documentation & Tutorials

» Acknowledgment
~ Data Probe

M = EIEDRER R N Y »

© dwi.raw.gz
dwi.nhdr

Open the directory DiffusionMRI_tutorialData and
select the file dwi.nhdr

[ 3 A:0.000mm

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




Loading the DWI Dataset

File Ec ( . ’
. & The ‘Add data into the scene’ | . t-E RO
window of Slicer appears
.@ 3DSlicer
We | C 0 m e (X Add data into the scene ?
- - Choose Directory to Add|Choose File(s) to Add Show Options
[Gicony Load DICOM Data omay LOE
: - . 4 File Description
# Customize Slicer & Download - — - -
¢ ..ments/Slicerd/datasets/DiffusionMRI_tutorialData/dwi.nhdr |Volume o
» About
* The Main Window

* Loading and Saving

R:0.000mm [ (5 S

» Display
* Mouse & Keyboard

* Documentation & Tutorials

X Cancel

» Acknowledement
~ Data Probe

Click on OK to load the
DWI volume



Loading the DWI Dataset

File Edit View Help
B3 |Modules: \[L\Welcometo Slicer :

@ iDSlicer

Welcome

-~ 0090 @@ < t-E w A+ @O

B ® 1

[+]

[ Load DICOM Data || e Load Data |
[ & Customize Slicer H & Download Sample Data ]
[ » About

.. Slicer displays the DWI
» volume

[ * Mouse & Keyhoard

[ * Documentation & Tutorials

[ » Acknowledegment A
[ ~ Data Probe

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



File Edit View Help
&& |Modules: .

@ 3DSlicer
Welconr

[ Load DICOM Data

[ & Customize Slicer

» About

* The Main Window

* Loading and Saving

» Display

* Mouse & Keyboard

* Documentation & Tutoriz

|
|
|
|
|
|

[ » Acknowledgment
[ ¥ Data Probe

Loading the DWI Dataset

# Annotations
& Data

& DICOM

< Editor

@ Models

Work in Progress » R

) © & & 2

t-IE R+~ @O

Click on the Modules
menu and select the
module Volumes

& Scene Views

4 Transforms

M View Controllers
@ Volume Rendering
“ Volumes

& Welcome to Slicer

Wizards

Informatics

Registration

Segmentation
Quantification
Diffusion

IGT

Filtering
Surface Models
Converters
Endoscopy
Utilities

Developer Tools

Legacy

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



Loading the DWI dataset

‘ 00 3D Slicer 4.3.0

b4 &a Modules: | @ Volumes = QO PO 2 & A ok E t-8 == 4~ 8-
1

@ 3DSlicer

'+ Help & Acknowledgement

Active Volume dwi
» Volume Information

In the Display Tab, the first DWI Component

~ Display

(#0) corresponds to the baseline volume.

Interpolate: v
Window Level editor presets:
b EN

) ).

'W: 1356 ||Manual W/L

—_—

Threshold:
(600 [+|C
» Histogram

~ Data Probe

mTnr

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



Tutorial DWI Dataset

¢ 00
6660660406
06060
0 000
® 60600
& 0 00 o

Baseline Volume

%i%?l’:') :L—A Diffusion MRI Analysis of the Human Brain,
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Loading the DWI dataset

800 3D Slicer 4.3.0
2% &a Modules: | @ Volumes = Q00| PO 2 &k R ok t ~ fa Fe | 4~ A
ox @1E
Q 3DSlicer
» Help & Acknowledgement }:‘
\

Active Volume dwi ¢
|_ » Volume Information |

Browse through the latest DWI Component (#42),
- Display ~ which corresponds to the 41t diffusion sensitizing

DWI Component: a2 | | gradient.

Interpolate: v
Window Level editor presets:

W: 1356 |2/ |Manual W/L

Threshold: Off 3|
600 2)°
» Histogram

~ Data Probe

mmr

DITTUSION IVIKI Analysis OT the Human Brain,
S.Pujol, ARR 2012-2017



Tutorial DWI Dataset

0000
686606
00060
00 06 0
e 66 00
e 06 06 & o

42th diffusion
sensitizing
gradient

427 B O (FRD) HE5R H 15

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



Loading the DWI Dataset

File Edit View Help
Ba [Modules: . @Volumes = Q0 QOI9O &«d v

t -~ fo Fa | 4~ E 0

@ 3DSlicer

» Help & Acknowledgement

4

Acte ol il . Select the DWI Component #10, which corresponds
—_— ' to the 10t diffusion sensitizing gradient

~ Display

DWI Component:

Lookup Table:| Grey

Interpolate: ¥
Window Level editor presets:

P

W:771 g-: Manual W/L

Threshold: |Off
¥ Data Probe

e . Diffusion MRI Analysis of the Human Brain
Diff MRI Anal !
Husien natysis S.Pujol, ARR 2012-2017



Loading the DWI Dataset

File Edit View Help
23 |Modules: . @ Volumes 1= QO QIO «E <~ §:r fo Fa ~ ) D

a® M1

rﬁ\ 3DSlicer

=4

T —— — . Adjust the Window Level editor presets with the
Volume module menu

.
>

Active Volume| dwi

* Volume Information
'~ Display Window Level editor:
B5S-aV S RMNARI T4

~ Scalar Display
DWI Component::

Lookup Table:| [lF Grey

110

o '.‘ a5l

1 R:1.500mm [

indow Level editor presets:

e
-

W:771 [ |Manual W/L

~ Data Probe

e . Diffusion MRI Analysis of the Human Brain,
Diffusion MRI Analysis 5.Pujol, ARR 2012-2017



Loading the DWI Dataset

File Edit View Help Position your mouse over the 1. pin icon, then
& & [Moduies: % | @Volumes * = 2. click on the 2. link icon and the 3. fit image to

window icon
R
® | F
— 0.00

L] 0.00

Window Level ed\'tor presets: B - i R:0750mm [ G R
i o 9'
- \‘ *

W:771 = |Manual W/L s |L: 454

Threshold: Off
¥ Data Probe

@ iDSlicer

» Help & Ackn -
£l
Active Volume 1
. g =

* Volume Info

~ Display

¥ Scalar Displ 2 -
DWI Compong

Lookup Table:| |l Grey

Interpolate: ¥




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

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



Loading the DWI Dataset

File Edit View Help
& Modules: . @ Volumes s

& !U: 3DSlicer
i

[ * Help & Acknowledgement

0090« t-E R+ B

B®

E Conventional
B Conventional Widescreen
[ Conventional Quantitative
H Four-Up

B Four-Up Quantitative

B Dual 3D

& Triple 3D

[ ~ Display 3D only

i One-Up Quantitative

[v]

Active Volume[dwi s

[ * Volume Information

¥ Scalar Display
DWI Component: g - B Red slice only

O Yellow slice only

Lookup Table:[ B Grey =]

O Green slice only
Tabbed 3D

E Tabbed slice
B compare

Interpolate: ¥
Window Level editor presets:

w:7 Click on the Slicer layout menu and
e select the Red slice only layout

¥ Dawa Frove |

M Compare Widescreen 4
B Compare Grid »

B Three over three
B Three Over Three Quantitative

H Four over four

L B Two over Two
F
B M Side by side

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



Loading the DWI Dataset

File Edit View Help
B  Modules: @ Volumes | - 0. ) 9P O & d 2 Bt~ fo Fe, B8 e

B iDSlicer

> Help & Acknowledgement

o |

Active Volume|dwi

* Volume Information

- DFrn\f\\;

s Slice through the volume to
DW, |

inspect the DWI data

Interpolate:

Window Level editor presets:
AR 2

W:771 [ |Manual W/L $ |L: 454

Loo

4
4

Threshold: Off
¥ Data Probe

| Red RAS:(97.3,357,-0.8) Axial Sp: 1.5

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

Inspect:
Lo~Rb



DWI Dataset and DWI Mask
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Creating the DWI Mask

8006 3D Slicer 4.3.0

&3 2 Za |Modules: @ Volumes ~0OIP0 k& |Bit-Bmmn|+- B

4

All Modules ’ B®
m —— % Annotations
-~ A4 Data
% DICOM =
» Help&AcknowIedgemen{ _ Editor L :
Active Volume | dwi Markups =
1@ Models
» Volume Information - B e
d
o . Tanstorms 1N the modules menu, select the module lefusmn
~ Scalar Display M View Controll¢

DWI Component:

o voume renac. WWeighted Volume Masking

Lookup Table: [JJ Grey | ¥ Volumes
Interpolate: v |EN Welcome to Slicer

Window Level editor preseti  MultiVolume Support

O o ' Wizards
iy 3 Informatics

L1

vy v v v wv w

W:529 - Manual W/ | Registration +|[Li252 =
—— Segmentation £
Threshold: Quantification z

T BT + DWI to Full Brain Tractography

IGT ' & Tractography Displa
e s Filtering g Diﬂusl?)n ;ara (:opnv:rslon ’
Gista Probe | Surface Models ' Diffusion Tensor Images ’ &
| Eommsiae ' " Diffusion Weighted Volume Maskin,,
E;‘Iﬁ:::”y ' Tractography > & DWI Joint Rician LMMSE Filter
L Developer Tools , 4 DWI Rician LMMSE Filter
F Legacy . 4 DWI to DTI Estimation
B Testing ¢ +# Resample Scalar/Vector/DWI Volume

O

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



Creating the DWI Mask

& & |Modules: Diffusion Weighted Volume Masking : ™ »() ‘E'@' 0 - =" Bt~ fm Sa ~ 8 ®
@ ® R G 'S: 0.000mm
B sosice 1. Select Output Baseline Volume to

‘Create and rename New Volume’,
and rename it baseline

» Help & Acknowledgement

~ Diffusion Weighted Volume Masking
Parameter set: Diffusion Weighted Volume Masking

~ 10

Input DWI Volume | dwi 2. Select Otsu Threshold Mask to
Output Baseline Volume baseline $

Otsu Threshold Mask  dwi_mask : ‘Create and rename New V0|ume,!
z and rename it baseline rename:
Otsu Omega Threshold Parameter ———————— 05 % *;]-\a'ri E

Remove Islands in Threshold Mask h

3. Uncheck Remove Islands in
Threshold Mask uncheck -

Status: Idle 7‘1“/75%3—
Restore Defaults/| AutoRun - Cancel | Apply 4_ CIiCk on Apply

~ Data Probe

mmr




Loading the DWI Mask

® 00 3D Slicer 4.3.0
R &@ Modules: | 4« Diffusion Weighted Volume Masking + =>Q) O @ @ ~ & % & O/t~ @ % 5|4+~ [

& ®
@ 30Slicer

» Help & Acknowledgement |

“~ Diffusion Weighted Volume Masking }
Parameter set: Diffusion Weighted Volume Masking a
1o )
Input DWI Volume |dwi

Output Baseline Volume | baseline

Otsu Threshold Ma . .
< The dwi_mask appears in ]

otsu Omega Thres tha Rad Slice viewer 5

Remove Islands in

overlaid on the DWI image

Status: Completed
V7777777777777 77777777777777777777.08
Restore Defaults| AutoRun ~| Cancel | Apply |

~ Data Probe |

omr

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



Loading the DWI Mask

3D Slicer 4.3.0

&a Modules: |~ Editor

@ 3DSlicer

Ij t-18 W R +-@3°

= QOO 2 &k A&
R

@®

'+ Help & Acknowledgement

=) : -

'~ Create and Select Label Maps

Select the Editor module from the main

Master Volume: |baseline

Merge Volume: dwi_mask

» Per-Structure Volumes

[ Qat |
806

Create a merge label map for selected master volume baseline.
New volume will be baseline-label.

'~ Edit Selected Label Map

Select the color table node will be used for segmentation labels.

I [B/ll GenericAnatomyColors +]

]

1

|

1

@e)x)=)z]z]e]0 [
Undo/Redo: «

Active Tool: DefaultTool

Label: jake [1

~ Data Probe

L

F

B

ViU yoio v viie 1

S.Pujol, ARR 2012-2017
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Loading the DWI Mask

3D Slicer 4.3.0

8 00

&3 & & Modules: - Editor (™ QO PO 2 kR it~ 8= %+~ @
@ 3DSlicer

®
[» Help & Acknowledgement

v

[~ Create and Select Label Maps

Master Volume: baseline

Merge Volume: dwi_mask

Set... |
» Per-Structure Volumes

| ~ Edit Selected Label Map

EE — Select the Dilate Effect
&~ _ fromthelist of editing
®/g®xz(z80

tools of the Editor
Undo/Redo: «

module
Active Tool: Default’s vu:
Label: jake " B ] ﬁ
|~ Data Probe |
L dilate:
B

ok

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



Loading the DWI Mask

8 00 3D Slicer 4.3.0
22 & & Modules: [~ Editor (= Q0 OP O 2 &k Ak Bl t-18 » |+~ @
@® _——————————————
@ 3DSlicer
» Per-Structure Volumes | ' H
|~ Edit Selected Label Map Click on Apply 5 times to dilate

the original dwi_mask

ECE A ESESCIo)

Undo/Redo: |« | v

Active Tool: DilateE

Label: jake [1

© Eight Neighbors

@ Four Neighbors

Apply I
d
|~ Data Probe j

L

F

B

Q

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



Loading the DWI Mask

8006

3D Slicer 4.3.0

b &a Modules: |~ Editor

= Q0 OO 2 & Ak mit-8 =l +- @@

@ wsicer - Qpserve how the holes in the
» Per-Structu maSk have disappeared after the

- Edit Selectec dilatation

ECE A ESESCIo)

Undo/Redo: |« | v

@®

Active Tool: DilateEffect

Label: jake [1

© Eight Neighbors

@ Four Neighbors

Apply I
d
~ Data Probe j

L

F

B

o

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



Loading the DWI Mask

3D Slicer 4.3.0

=™ QPO 2 &k N & m ot~

@ wsicer. ObServe how the holes in the

 perStruct mask have disappeared after the
dilatation

800
% &3 Modules: . - Editor

B W +-B3®

'~ Edit Selectec

A 3 I ICT(o]

Undo/Redo: |« | v

Active Tool: DilateEffect

Label: jake &

© Eight Neighbors

@ Four Neighbors

Apply J
?
'~ Data Probe —|

L
F
B

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



Loading the DWI Mask

@00

3D Slicer 4.3.0
&2 B4 &a Modules: |~ Editor (= Q0 OP O 2 &k Ak Ot~ 168 = %+ @
@® ————
@ 3DSlicer
» Per-Structure Volumes | | H
~ Edit Selected Label Map Select the Erode Effect

ErodeEffect

= module
Undo/Redo: [ RIS
Active Tool: ErodeEffect
Label: jake [1
© Eight Neighbors
@ Four Neighbors
. Apply l
d
v Data Probe _}
L
F erode:

IR e

o

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



Loading the DWI Mask

8 00 3D Slicer 4.3.0

&2 B4 &a Modules: |~ Editor (= Q0O PO 2 &k AK Mit-18 = |+~ @3
@® =SS

@ 3DSlicer

» Per-Structure Volumes

[*)

'~ Edit Selected Label Map

EIEIFEERHIEIC ]
ErodeEffect

Undo/Redo: |« | v

Active Tool: ErodeEffect

Label. jake q Click or.| Apply 5 times to erode
- Eight Neighbors the dWl_maSk

@ Four Neighbors

. Apply

?

~ Data Probe

L

mmr

e . . (x]
Diffusion MRI Analysis of the Human Brain, ‘
S.Pujol, ARR 2012-2017



Loading the DWI Mask

800 3D Slicer 4.3.0
@Modules: .| ~ Editor :\—vav;},@o4*&* I:I. $ ~ B A e _4,‘_,'-3

@ 3DSlicer

» Per-Structure Volumes

~ EditSelect Qhserve how the erode —
= ~ effect has reduced the size
@& & of the brain mask

@®

3

@| Q|

®
@

Undo/Redo: «v | v

Active Tool: ErodeEffect
Label: jake | 1
Eight Neighbors

@ Four Neighbors
| Apply
?

(4]

~ Data Probe

mmr

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



Step 2:
Computing the
DTI dataset

TV IVBEBRT—3DEE

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



From DWI to DTI

@ & &
e & 0
e & O
@ 6 6

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



From DWI to DTI

3D Slicer 4.3.0

=0 > PO - kmdk |Elt-

@®

800
&a Modules: |~ Editor

@ 3DSlicer

B W Rl +-@®

e ‘7
|
» Per-Structure Volumes

Click on the Modules menu and select
~ Edit Selected Label Ma o .
et : the module DWI to DTI Estimation

i
@@ #xz/z/e)e

Undo/Redo: \7\ o

Active Tool:

ErodeEffect
Label: jake &
Eight Neighbors
@ Four Neighbors
| Apply |
@ L
~ Data Probe g|
L
F
B

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



From DWI to DTI

800 3D Slicer 4.3.0
2 Modules: DWI to DTI Estimation = Q O § Qu - = =

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

& B

@ IDSlicer

» Help & Acknowledgement

-select the Input DWI volume ‘dwi’

~ DWI to DTI Estimation
Parameter set: DWI to DTI Estimation

-select Diffusion Tensor Mask
‘dwi_mask’

i

Input DWI Volume dwi :
Diffuslon Teneor Wask  (dwl mask ‘I -select Output DTI Volume ‘Create and
Output DTI Volume dti S

Rename New Volume’, and rename it
‘dti’
-set Output Baseline Volume to baseline

Output Baseline Volume | baseline

~ Estimation Parameters

Estimation Parameters LS @ WLS
Shift Negative Eigenvalues

-select the Estimation Parameter ‘WLS’
(Weighted Least Squares)

Restore Defaults|| AutoRun |- Ca
~ Data Probe

click on Apply

wmr




From DWI to DTI

8 00 3D Slicer 4.3.0
&3 |Modules: | & DWI to DTI Estimation

it !ﬁ; 3DSlicer
v

» Help & Acknowledgement

'~ DWI to DTI Estimation
Parameter set: DWI to DTI Estimation =

10 . Click on the small pin

Input DWI Volume
piffusion Tensor Mask ¢ jcON to display the slice
Output DTl Volume @

Output Baseline Volume |k menu

~ Estimation Parameters

B T ST T 7}

oLy ——
Estimation Pz
sninegaive Click on the links icon to link all /@. - 'lma' o B F

three slices together dwi_mask

H :E] ] None

Status: Completed

TIIIITTITTITTITTITTTTTTTTTTTTITTTT72 "
Restore Defaults| AutoRun ~| Cancel | Appl E E:
'~ Data Probe = L ” -| & | baseline

. Click on the eye icon next to ‘

F .

B dwi_mask to turn off the

visibility of the mask

ysis of the Human Brain,
S.Pujol, ARR 2012-2017



From DWI to DTI

Click on the small pin

icon to display the slice
L . -
© - k& Ot~
R
Click on the links icon to Iink/@ L
three slices together L dwi_mask

] None

baseline

Click on the eye icon next to
dwi_mask to turn off the

V|S|b|||ty of the mask on MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017



From DWI to DTI

800 : _ 3D Slicer 4.3.0 _ _ _ : .
&a o &3 |Modules: @ Volumes s/ - @ Q| P @ ~ & Fa m 4~ Ao Fa | 4~ B8
e x IR 75: 19.500mm
[« @ i+ ~ Axial N T
h 3DSlicer r— < 1
I @ |42 +/0.00 % i dwi_mask
dwi

| » Help & Acknowledgement [<]| @ B gy

(baseline
Click on baseline to

Active Volume dti -

| ¥ Volume Information
|

e display the list of
Scalar Mode: ColorOrientation ¥ VOIU mes
Lookup Table: [ :

Interpolate: <
Window Level editor presets:

Wil P @ a

Threshold: Off
-600 = 600
+ Histogram

¢

4

ak

~ Glvohs on Slices Displav =
| ~ Data Probe

mmr

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



From DWI to DTI

800 3D Slicer 4.3.0
Za Modules: |4 DWI to DTI Estimation = Q0O IP O ~ & _ &k Bt~ fa So il > K
@® 3 R : - “'S: 0.000mm
r‘ « @ 4 v|Axial s EE o B3 @
‘ DS ——
3DSlicer <+ ~0.00~ ﬁ None
! < dwi_mask

» Help & Acknowledgement
~ DWito DTI E__st_i_r_'qati?_r) = s : q baseline
Parameter set: DWI to DTI Estimation =
—5 w Rename current Volume
Input DWI Volume dwi N

Diffusion Tensor Mask dﬁvi_ma: Select the Volume dti

Output DTI Volume dti
Output Baseline Volume | baseline

A

~ Estimation Parameters
Estimation Parameters LS @ WLS
Shift Negative Eigenvalues

Status: Completed

P77 T7T77777777777777777777777777777777 100%
Restore Defaults| AutoRun ~ Cancel | Apply
e ) JL :

omr




DTl Color Map

NhS—aA—T427

Color coding: T4 .5

Red: left-right

Green: anterior-posterior

Blue: inferior-superior




Exploring the DWI Dataset

8006 3D Slicer 4.3.0
ﬁ Modules: DWI to DTI Estimation 4| mm Q Q,, PO < . Fa o D. £~ = . E A

e i —_——— B
m iDSlicer

» Help & Acknowledgement

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

Ak

~ 10

Input DWI Volume dwi s
Diffusion Tensor Mask |dwi_mask

Output DTI Volume dti

Use the slider to browse through
Output Baseline Volume | baseline .
S the dti volume and locate the
Estimation Parameters LS Corpus Ca"osum

Shift Negative Eigenvalues
A\
fil 22
Status: Completed

Restore Defaults| AutoRun - Cancel | Apply
v Data Probe

mmr




Corpus Callosum

Tela choriaden of thard vendridle  Pogterior commissure
Intermedicte mass |
Interventrictular foramen

—

Corpora quadrigeminag
Pineal body
/ Splewinm

P wiler

Anrerioy eommissire
Laminio terminalis
Optie recess

Optie chinsme
I'Jz_frmria'brntu.m}/

Corprs mamillore
Oetlomator nerve

Cerebpal agueduct Choroid plexus

Fowrih ventriels

Image from Grey’s Anatomy S.Pujol, ARR 2012-2017

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

hemisphere : 3Bk

Diffusion MRI Analysis of the Human Brain,



Corpus Callosum

eno 3D Slicer 4.3.0
22 |Modules: | & DWI to DTI Estimation = Q0O PO 2 & K Bt~ fe 5o @ e
= :

@ iDSlicer

» Help & Acknowledgement
~ DWI to DTI Estimation
Parameter set: DWI to DTI Estimatior
~ 10
Input DWI Volume dwi

LA

Corpus Callosum

“ |

L1

Diffusion Tensor Mask |dwi_mask
Output DTI Volume dti
Output Baseline Volume baseline

4K

Ak

~ Estimation Parameters

Estimation Parameters LS @& WLS

Shift Negative Eigenvalues

Status: Completed
y'y, - |100%

~ AutoRun -~ Cancel | Apply

Restore Defaults
~ Data Probe

mmr




Diffusion Tensor Data

_ ~bgi' Dg,

Stejskal-Tanner equation (1965)

XX D Xy XZ
0 DyX Dyy Dyz
D zZX D zy D zz

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



ANTEB =D ETRT ER
Scalar Maps: Fractional Anisotropy

Fractional Anisotropy(FA) : tbERIZKBIEZF A
.. @' . ., B
 FA(D) is intrinsic to the tissue and is independent
of the direction of the diffusion sensitizing

gradients.

=T el
 FA(D) can be used to characterize the shape

(degree of ‘out-of-roundness’) of the diffusion
ellipsoid

* Low FA: High FA:

@ .




Fractional Anisotropy

800 3D Slicer 4.3.0

= Y B

& X - o

Modules: Diffusion Tensor Scalar Measurements : | ™ ()

t - @ A fa g e

:@ 3IDSlicer

* Help & Acknowledgement

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

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

Parameter set:| Diffusion Tensor Scalar Measurements
10
Input DTI Volume dti
Output Scalar Volume |fa

Ak || A»

-Select the Operation ‘Fractional
Anisotropy’

> Operation

Estimation Parameters  Trace

Determinant
RelativeAnisotropy

@ FractionalAnisotropy
Mode
LinearMeasure

PlanarMeasura ]
Status: Completed

PITTTIIIIIIIIPIII7IIII7I77777i 1| 100%
Restore Defaults| AutoRun - Cancel | Apply
~ Data Probe

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




Fractional Anisotropy

800 3D Slicer 4.3.0

&3 Modules: & Diffusion Tensor Scalar Measurements : | = Q) O @ @ ~ & = & Bt~ J= = il > Ka
-

=

.@ iDSlicer

» Help & Acknowledgement

~ Diffusion Tensor Scalar Measurements
Parameter set: Diffusion Tensor Scalar Measurements

10
Input DTI Volume dti
Output Scalar Volume | fa

A

L1

L1

v Operation
Estimation Parameters - Trace
Determinant
RelativeAnisotropy
» FractionalAnisotropy
Mode

LinearMeasure

PlanarMeasura b’
Status: Completed

ITTTTTITTTTTTTTT T T T T T T T TTTTTTTTTT D

Restore Defaults| AutoRun ~ Cancel | 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
Bfa (22, 61, 47) 0.062713

The FA image appears in the red viewer

>

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



Fractional Anisotropy

@00 3D Slicer 4.3.0
&2 'Modules: | Diffusion Tensor Scalar Measurements | =™ Q () D 7 Jdf D o A
@ izl 7S: 0.000mm

B 3DSlicer

'+ Help & Acknowledgement

~ Diffusion Tensor Scalar Measurements
Parameter set: | Diffusion Tensor Scalar Measurements

10
Input DTI Volume dti
Output Scalar Volume fa

- % position your mouse over the
pin icon and click the >>’
icon to display this table.

Set the background volume

| ® < v[Axial [+ |EE o B 3" @
@ |+ ~/0.00 [ @ dwi_mask

| [0.40 [ dti
= ——r

L1

|| AR || A

» to ‘fa’ and be sure the PR

“TH foreground volume is still set

Restor

-oat: to ‘dti’ with Opacity at .40

L
F
B

B 100%
ancel | Apply

Ak

L L




Fractional Anisotropy

®00 3D Slicer 4.3.0
Modules: & Diffusion Tensor Scalar Measurements | =~ Q O @ @ ~ J= Bt~ e 5 il > K

= o7 [

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

Uuipul Scaiar voiume | ra

4)

~ Operation
Estimation Parameters - Trace
Determinagit

Planagilaasura 5
Status: Completed
TITITITIITITIIT NI T I IIITITIITIITIIIIFIFY 100%
Restore Defaults| AutoRun Cancel | Apply
~ Data Probe

Red RAS: (73.9, 5.0, 19.5) Axial Sp: 1.5

L dwi_mask (15, 61, 60) §
F dti (15, 61, 60) (@rorOrientation 0

Bfa (15, 61, 60)0




Step 3:
Visualizing the
diffusion tensor data

YR TV ILT—42M R R4k

Diffusion MRI Analysis of the Human Brain,
S.Pujol, ARR 2012-2017
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3D Visualization: Glyphs

e00

3D Slicer 4.3.0

o Modules:

!;} iDSlicer

» Hel Select the Viewing Mode
' Conventional

~ Display

~ Scalar Display

Scalar Mode: | ColorOrientation
Lookup Table: |

Interpolate: ¥
Window Level editor presets:

AN

Threshold: Off

L3

-600

» Histogram

v Glvpohs on Slices Displav
~ Data Probe

mmr

@ Volumes s = O

600

> @ @ <

@ =

L3

L3

8

Bl t-~ fa Fe il = Ks
Conventional
Conventional Widescreen
Conventional Quantitative

Four-Up

B Four-Up Quantitative

Dual 3D

& Triple 3D

3D only

[l One-Up Quantitative

[ Red slice only

0 Yellow slice only

O Green slice only

Tabbed 3D

= Tabbed slice

E Compare

[Tl Compare Widescreen

B Compare Grid

Hf Three over three

ff Three Over Three Quantitative

[ Four over four

B Two over Two

[1] Side by side

Ef Four by three slice

[ Four by two slice

il Five by two slice




3D Visualization: Glyphs

e 0o 3D Slicer 4.3.0
o Modules: | @ Volumes (=0 &9 O = 0t Ao fa 8 e
Conventional
{;\ DSicar onventional Wides.cre.en
7 onventional Quantitative

Erir e

» Help & Acknowled i
elp & Acknowiedgement Click on the Modules menu and

Active Volume  dti

» Volume Information SEIGCt the mOdUIe V0|umes
~ Display [l One-Up Quantitative
~ Scalar Display ] Red slice only

Scalar Mode:| ColorOrientation O Yellow slice only
O Green slice only

Tabbed 3D
= Tabbed slice

Lookup Table: |

Interpolate: ¥
Window Level editor presets:

T = b ) E Compare
L‘. l! L 4 m ﬂ [l Compare Widescreen

- - : i = B Compare Grid

. —— . fH Three over three
Threshold: Off B Three Over Three Quantitative
[ Four over four
B Two over Two
[1] Side by side
Ef Four by three slice
[ Four by two slice
il Five by two slice

-600 |* 600
» Histogram

v Glvpohs on Slices Displav
~ Data Probe

mmr




3D Visualization: Glyphs

|68 & & |Modules: ©, (@ Volumes * 7.0 ®© - < Position the mouse over the pin
B s icon and select the ‘<<’ icon to
s L AokrowTadgament . display the axial slice toolbar. Set

Active Volume | dti

4

the Foreground to ‘fa’ and the
- Background to ‘dti’, with the

~ Display .

- Scalar Display Foreground opacity set to 1.00

Scalar Mode: | ColorOrientation

Lookup Table: |

Interpolate: ¥ ‘
Window Level editor presets:

(T Mm@ .

+ Volume Information

4r 4k

4

1| R} Epesm—————— 5. g 500mm | - Y R:1.500mm |[= G A: 1.500mm
Threshold: off s\l @« v Ada B o @ F®
600 [* 600 - 4+ 0,00 |=| i dwi_mask 3
» Histogram 1.00].(@ fa N
~ Glvohs on Slices Displav
~ Data Probe

Red RAS: (-51.9,-54.5, 19.5) Axial Sp: 1.5

L dwi_mask (99, 100, 60) 0 (0)
F fa (99, 100, 60) 0
B dti (99, 100, 60) ColorOrientation 0




3D Visualization: Glyphs

@00 3D Slicer 4.3.0
&a |Modules: . |@ Volumes :]—‘ (5 ] $ ~ o R | 4~ A

D /2 Kk R &k

@ 3DSlicer
>

» Help & Acknowledgement

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

Active Volume | dti

¥ Scalar Display
Scalar Mode: | ColorOrientation

Interpolate: ¥
Window Level editor presets:

[w:255 [

Threshold:

» Histogram

~ Glvohs on Slices Disolav
'~ Data Probe

L
F
B

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



3D Visualization: Glyphs

Scroll down: X9 A0—JL/\—TEEZ FIZi &)

©00 3D Slicer 4.3.0
B3 & Ba Modules: | @ Volumes Dm0 PO 2 kK t~ @ W 5 18

@ 3DSlicer

B Y £ & xa -

-

- -

Scroll down the module panel and:

Threshold: Off

500 - ¢ (600 - -In the Slice Visibility section, check off

» Histogram

the option for Red, Yellow, and Green

-Set the Color by Scalar parameter to
‘ColorOrientation’

Color by Scalar: |ColorOrientation

Glyph Type:

Ellipsoids

Spacing:

~ Data Probe

| -Set the Glyph Type to ‘Ellipsoids’

mnr

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



3D Visualization: Glyphs

@00

3D Slicer 4.3.0

Modules: & Volumes

:@ iDSlicer

bY EX 4

-
-

Ak

Threshold: Off
-600 |* 600
» Histogram
~ Glyphs on Slices Display
Slice Visibility: v Red ¥ Yellow ¥/ Green
Opacity: 1.00
Scalar ColorMap: FullRainbow
Color by Scalar: |ColorOrientation
Scalar Range: =
Glyph Type: Ellipsoids
Scale Factor: 50.00
Spacing: — 5.00
- Data Probe

wmr

4

4

4

L3

an|[4]p]]| 1F ][4

A 2%

slice viewers

8:-3.000mm |- Y &

R: 1.500mm

=G

- g The glyphs appearinall 3

A: 1.500mm




3D Visualization: Glyphs

. ﬁ Mndiilas- @& Unliumace PO . 1 WY # QQ t - =" ‘%v - E F
- Position your mouse over the pin

B spsiicer

=4

~ icon select the eye icon to
display the axial, coronal, and
sagittal slices in the 3D viewer

Threshold:

-600 =
» Histogram

v Glyphs on Slices Display
Slice Visibility: ¥ Red v Yellow

Opacity:

Scalar ColorMap: FullRainbow

Color by Scalar: |ColorOrientation

Scalar Range: = =
R: 1.500mm [ G W A:1.500mm
Glyph Type: Ellipsoids S
Scale Factor: 50.00 =
Spacing: — 5.00

~ Data Probe

wmr




3D Visualization: Glyphs

800 3D Slicer 4.3.0
Ea |Modules: @ Volumes il Qv QP O 72 &k B & 4~ Ao Fa il = Ks

— — =y

 Zoomin to observe the glyphs. The
ellipsoids represent the principal
~ direction of diffusion in the brain

Threshold: Off S

-600 2{C /600
» Histogram

~ Glyphs on Slices Display
Slice Visibility: ¥ Red v Yellow v/ Green

Opacity: L 711.00
Scalar ColorMap: FullRainbow

IR

Color by Scalar: ColorOrientation

Scalar Range: =
Glyph Type: Ellipsoids
Scale Factor: P 50.00
Spacing: — | 5.00

Ar] [4]e]]| ][4

~ Data Probe

mnr
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Diffusion MRI tractography
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Diffusion MRI tractography
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Diffusion MRI tractography
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Diffusion MRI tractography
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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.

pipeline: B D /AL TS5A1> (FE)
Architecture : #i&
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