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& Learning objectives

3DSlicer

Following this tutorial, you will be able to perform
many common Image Guided Therapy tasks
using Slicer3, including:
— Image registration
— model making
— DTl tractography

using the example of
preoperative planning fo
image guided
neurosurgery




Material

3DSlicer

This course requires the installation of the Slicer3 software
and the training datasets accessible at the following

. lgﬁggr%ns%ftware and building instructions:

* Patient dataset, SPL-PNL brain atlas, and three pre-computed
MRML scenes

Disclaimer: It is the responsibility of the user of 3D Slicer to comply with
both the terms of the license and with the applicable laws, regulations and
rules.
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& Prerequisites

3DSlicer

* Data Loading and Visualization in Slicer3:
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* Scene Snapshots

Create Scene Snapshot
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http://wiki.na-mic.org/Wiki/index.php/Slicer:Workshops:Slicer3_Training

3D Slicer

3DSlicer

* Integrates algorithms and utilities
for medical image computing
research and Image Guided
Therapy into a single framework

* |s both an end-user application
and a platform for research

* The precompiled program and
the source code are both freely
downloadable

Courtesy R. Kikinis



£ Image Guided Therapy (IGT) in Slicer3

e
3DSlicer

Slicer3 has extensive support for IGT, including:

* Visualization -

* Registration

* Segmentation

* Model making

» Diffusion Tensor Imaging =

* Quantification

* Filtering

* Interfacing to imaging devices,
trackers and medical robots

Focus of
this tutorial

Courtesy R. Kikinis
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& The goal of neurosurgical planning

3DSlicer
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* Prior to surgery:

— Integrate image
information from multiple
sources, including
anatomical MRI,
functional MRI and
diffusion tensor imaging

— Highlight structures of
interest

— Determine the best
surgical approach




3DSlicer

Clinical Case - brain tumour resection

Imaging showed a large lesion in the left frontal region of the
brain, predicted to be a glioma (brain tumour originating from
glial cells)

Preoperative imaging included 3D SPGR MRI, T2-weighted
MRI and FLAIR MRI, language and motor functional MRI
(fMRI) imaging, and diffusion tensor imaging (DTI)

fMRI showed speech areas close to the lesion

Surgical procedure: left frontal craniotomy
and tumour resection

See the clinical_background file within the patient
dataset for more information

-10-
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& Tutorial datasets

3DSlicer

* Three clinical datasets from a single patient with a large
tumour in the left frontal region

* SPL-PNL brain atlas (based on a single healthy patient)

L —

SPL-PNL
brain atlas

SPGR MRI Language
(anatomical) fMRI

Diffusion
Weighted
Images

-11-
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3DSlicer

Overview

1. Loading and visualizing anatomical MRI
data

1. Incorporating fMRI data using image registration
and thresholding

* Creating a 3D model of the tumour volume

1. Predicting the locations of brain structures using
image registration and a brain atlas

1. Incorporating brain fiber tractography from
diffusion weighted images

1. Annotating the preoperative plan and saving the
scene

-12-



‘& Anatomical imaging

 Utility of anatomical imaging in IGT:
— Visualize brain structures of interest, such as the lesion
— Perform measurements on structures of interest
— Provide context for the rest of the scene

13-



£ Anatomical imaging

s
3DSlicer

* Steps involved in this section:

[ Load anatomical MRI from patient dataset }

-14-



» Load the anatomical MRI data

3DSlicer
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& Load the anatomical MRI data

3DSlicer

elect the
“3D_SPGR”
folder under

Click “Parse
Directory”

-’

3D Slicer Version 3.4
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Load the anatomical MRI data

3DSlicer

Note the
DICOM
fields at
right,
displaying
patient
Information
and scan

parameters.
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Load the anatomical MRI data

3DSlicer

Select “AX
FSPGR 3D”

Click “Apply” to
load the file.
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3DSlicer

" . 3D Slicer Version 3.0 = x
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3DSlicer

Open the
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module
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Load the anatomical MRI data

3DSlicer

Click on the
“AX SPGR
3D” node

Expand the
“Node
Inspector”,

enter
“anatomical-
MRI” and

press Enter
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Load the anatomical MRI data

3DSlicer

Observe that
the name of
the node is
changed in
the MRML
tree

" . 3D Slicer Version 3.0
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3DSlicer

Overview

1. Loading and visualizing anatomical MRI data

1. Incorporating fMRI data using image
registration and thresholding

* Creating a 3D model of the tumour volume

1. Predicting the locations of brain structures using
image registration and a brain atlas

1. Incorporating brain fiber tractography from
diffusion weighted images

1. Annotating the preoperative plan and saving the
scene

-23-



'Functional MRI (fMRI)

3DSlicer

* fMRI:

— Measures the blood oxygen
level in each part of the brain
while the patient performs a
task, such as a speech or motor
task i

— Statistical techniques are used S S
determine which brain regions
are active during the task

— This statistical pre-processing
has already been done using
SPM

Courtesy S. Puijol,
W. Plesniak and -24-
R. Gollub
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Functional MRI (fMRI)

3DSlicer

* Utility of functional MRI in IGT:

— Damage to regions of the brain important for language
or movement could result in problems with speech,
reading or movement

— Knowing where these regions are allows us to modify
our surgical plan so that we avoid them (as much as
possible)

_25-



Functional MRI (fMRI)

* Steps involved in this section:

Load language fMRI
from patient dataset

Register language fMRI
with anatomical MRI

Threshold language
fMRI to display regions
with high activation

-26-



oad the language fMRI data
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3DSlicer

Select both .hdr

images in folder

language FMRI/
Processed:

ant_t9.hdr
meanANT.hdr

Click on “Open”
Click on “Apply”

» Load the language fMRI data

File  Edt  View Windww Help Feedback

™ Help & Acknowledgement

“ Display & Modiy Soere

MRML Tree

E!—LScene
AX FSPGR 3D

Display MRML ID's

MRML Nodk Imepectar

“ Load 2 Add Scenes Cr Indvidal Datasels

lg‘ Load rew scerk iclage cumerm)
Aok soere (1o curert)

Ak chata or 2 chata drestory

Ackd sealar and terger volumes
Ackd 50 modkl o 3 modkl dreaiory
. Aok sealar overlay

=i

“ Maripuate Sice Views

E@WOOEE

“ Maripuate 5D View

e 8 3]

4
’

3D Slicer Version 3.4

x
[
TN N YT) Qhame | see
= Raw ant_19.hdr 1KB Tue Jan 514
) SPM_analysis_file ant_t9.imy 334 KB Tue Jan 51
SPL_PHL_Brain_Atlas2008 meanANT.hdr 1 KB Tue Jan 514
liu
i
er
wis
+_demo
r_meas
il
|
=] I =]
File reme: [ 19.hok "meanNT . ho

Files of ype: A Files ("]

[
E

[x

L=

= D% Terminal ==/ Processe... | ImageGui...
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Load the language fMRI data

3DSlicer

7 B
e
A

Set the
background
volume to
anatomicalMRlI

Click on the “fit
to window”
button

Click on
“Center 3D
View” button.

? = A P - 2 @ dpace@localhost:~ - She!l [ Neurosur gicalPlanningSc
HO = ® (SWS < T3 4 X 3pslicer varsion 3.0
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3DSlicer

Set
anatomicalMRiI
to background
and meanANT
to foreground

Scale the
opacities to see
both the
foreground and
background
layers (adjust
window/level if
needed)
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3DSlicer

Load the language fMRI data

Note that the
image
volumes are
not alighed

" . 3D slicer Version 3.0

File  Edit  View  Window Help  Feedback

Wodules Velumes
“‘ 3DSlicer

=4

¥ Help & Acknowledgement
- Load
(2] select volume File
volime Name:  [lanauigenirl
image origire | prom File
Label Maps single File
Apply

Active Uolume: [r———

¥ Display

o

¥ Sae

~  nanipulate Slice Uisws

EEpEEEE EE

“ manipulate 30 View

" < [BE B0 e
T | Bl o] [@] (=] o &

#od | 100
&

podcesmad ol

= X
L EIE e (2] 8] (4] ] (6] B (5] (=] 2] 6] O] ][ ¢ ¥ [©f
4
¥
g PR
Sagithel - leng... kI - = lang... HRI —
pone | o 4 @] e s

(=]

3D slicer Version 3.0

L2
15:52

ﬂu m@ Saturday

2008-05-31
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Image registration
aligns two images
together with the
goal of making
the corresponding
anatomy overlap

The anatomical MRI and functional
MRI image volumes are not aligned

The mean fMRI activation
volume will be aligned to the
anatomical image. This
registration will be used to align
) _ the thresholded functional
functional MRI image volumes activation volume..

overlap.

The anatomical MRI and mean

-32-



Image-to-image registration

3DSlicer

* Steps involved in image registration:

[ Initial manual transformation }

the rotation, translation, scale and
shear needed to align the moving
Image with the fixed image

[ Automatic affine

* An affine transformation estimates
registration }

« Slicer’s affine registration module
uses mutual information to
estimate the similarity between two
Images
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» Initial manual transformation

3DSlicer

3D Slicer Version 3.0 LI - = X

r] File  Edit  View Window Hep  F Color
pe e in

E Wl vol - Editer

Fiducials

Transforms B o T ,

Qdectiodule

¥ Help & Acknowledgement QueryiHas

module

(2] select volume File

Slices

Trensforms |
Uelume Rendering
volime Mame: | languagefniRl

Image ORI | From File
Conuerters -
Label nap single File N ;
ApplY Diffusion Tensor
Dithusion Weighted P
Active Uolme: Fiterina . Al
~ Disolaw Weshing
wods! Generaion -
- Registration
~ nt Segmentetion S
Shatistics r
AN Tractography e lang.. hRI lang. hRI - lang... MBI —
anad...MRI anad...RI = anat.. MRl =

~  nanipulate Slice Uisws

W [ I

= Manipulate 30 View

o EE & @

¥ [ 100
&

Transfoms e

4 . @ dpace@localhost:~ - Shell [ Analyze - Konqueror - 18:10
9 % G Q @ Q =3 X 3D slicer Version 3.0 ﬂu hﬂ@' zg:;u-rodsa-;l
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Initial manual transformation

3DSlicer

Create a
new linear
transform

The new
transform is
initialized to
the identity
matrix

" . 3D slicer Version 3.0

File  Edit  View  Window Help  Feedback

lE‘ Modules: Transtoms E lz‘ EI E search modules @ i i

a0... | 0.000...
o ... | 0.000...
0.000... | 0.000... | 1.000... | 0.000...
0.000... | 0.000... | 0.000... | 1.000...

Trenslafion

Rofefion

~  nanipulate Slice Uisws

E@EDEEER

= Manipulate 30 View

K L. 5e [EE] Ic)s
R EIEIC D - B
¥ 100

Create New LinearTransfom

9 % G Q @ Q 3 < ? i & dpace@localhost:~ - She & m@ s:.:;r]‘;;y

X 3D slicer Version 3.0 2008-05-31
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3DSlicer

Open the Data
module

Change the
name of the
transform to
“anatomical_la

nguagefMRI_re | e=-7T

(] . [F2] [E] A eaiar ana wancer veiumas
gistrationTransft | ==~
b E @ 3 DS EE
orm

s | B E (2] @
d s | ][] (=] (=]

DseTcce M- OfE Jso)r oo ] @ zorrm

-36-



Inltlal manual transformatlon

3DSlicer

S STiCer Wereion 3]
Fik Edit  view wndow Help  Feedback
B - N ] [ &) [ HL
Y 3ps) i
D th &

meanANT and
ant_t9 nodes
under the
transform node

Now any
changes to the
transform node
are applied to
the language
fMRI image
volume
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7 B
T
A

3DSlicer

Open the
Transforms
module

Adjust the
translation
components to
roughly align
the two image
volumes in the
axial plane

Initial manual transformation

eeeeeeeeeeeeeeeeeeeee
Display And Edit

rrrrrrrrrr

1.000... | 0.000... | 0.000... | 120.0...
0.000... | 1.000... | 0.000... | -100.0...
0.000... | 0.000... | 1.000... | 0.000...
0.000... .000 0.000... | 1.000...

nnnnnnnn

nnnnnn

= hianipulate Si

ipulad lice Views
ELREE
) i liew

nanipulate 30

oo pEECE
Do 8] [ mlR]oe - [ ]
¥ | 100

. I - :~ - She
q g B : dpace@localhost:~ - She
9 % G Q @ Q 2 <> 3 4 X 3D slicer Version 3.0
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» Initial manual transformation

3DSlicer

7
T
N
A

This initial

" . 3D slicer Version 3.3 Alpha

trans.fo:matlon ; - DEEEF PEEEEEOIEDE =
matrix “pushes” the g ... i
languagefMRI

image into rough
alignment with
anatomical MRl
image.

Rrotadion

Next, automatic —
affine registration ~ “.Z0 -

will closely fitthe -+ «5888 & =
fMRI to anatomical

image.

? = Y - 2 @ dpace@localhost:~ - She!l [ Neurosur gicalPlanningSc
9 % @ Q @ Q = < 3 4 X 3D slicer Version 3.3 A
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3DSlicer

3D Slicer Version 3.3 AlLEt

O pe n th e Fie  Edit  Uiew  Wndow  Help  Fee ;::V
i e p— | =

Affine

Registration B o

credientanisofropicFilter r
Slices

3DSlicer nodels

OpeniGTLnk

Trensfoms

i UolumeRendering
Volumes

15 Conuerters
Demonstration P
Rotafion Diffusion Tensor x
Ditusion weiahted
LR Filfering
Meshing . v .

Model Generation "
A = lang.. MRl

[Uteh) Deformable B Spline reistrafic
" affine registrafion
Dwformable Bspline registration

Seamentetion anat.. R

Statistics P

e Linear resisrafion

Coordinate Reference: Global \deniity Realignolume

~  nanipulate Slice Uisws

W [ I

= Manipulate 30 View

'Pf LR [EE B e
5]

HeeOs B8 08 3

dpace@localhost:~ - She
X 3D slicer Version 3.3 A

lang...MRI

anat...hRI

2 NeurosurgicalPlanningSc

B

e

» Automatic affine registration

lang...mRI

anat.. Rl

21:31

Sunday
2008-06-08
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3DSlicer

Note that the Affine

registration module ==+ =—*=
supports multiple -

sets of parameters - wowom
for repeated use.

To create a new _
set, select: o

niial ransfom | one

& Registrafion Parameters

“Create new i =
CommandLineMod .

*  enipulate Slice Views
b}
ule EEOIDEEE
“  nanipulate 30 View

(=7

Then set el e
parameters as ... o

21:31

‘ = Y - 2 @ dpace@localhost:~ - She!l [ Neurosur gicalPlanningSc =
fO”OWS - 9 % @ Q ® Q = < pEE X 3D slicer Version 3.3 A 0 e e
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3DSlicer

— Translation scaling =
500

— Initial transform =
anatomical_language
fMRI_registrationTran
form

— Output transform =
anatomical_language
fMRI_registrationTran
sform

— Fixed Image =
anatomicalMRI

— Moving Image =
meanANT

— Output Volume =
Click “Apply”

» Automatic affine registration

" . 3D slicer Version 3.3 Alpha = b

File  Edit  View  Window Help  Feedback

Hodules: affine regisration E lz‘ EI stavch modles @ i +
r;‘ 3DSlicer i

Spadial Samples | 1000
Iterations [2000

Trenslation scaling [ 100

Iniial ransform | anatomicel_lanauzsefin RL_regis trafionTrans form

~  nanipulate Slice Uisws

(L L =

= Manipulate 30 View

NG ) E @ (]
L '
¥ 100
| Qo
p - 2 B dpace@localhost:~ - Shell 2 NeurosurgicalPlanningSc = 21:32
9 % G Q @ @ Q =» <> 3 4 X 3D slicer Version 3.3 & ﬂu hﬂ@ 2050?3:?’03
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3DSlicer

Set the
foreground to
meanANT, and
the background
to
anatomicalMRI

Click on the “fit
to window”
button

» Automatic affine registration

" . 3D slicer Version 3.3 Alpha = b

File  Edit  View  Window Help  Feedback

Hodules: affine regisration E lz‘ EI stavch modles @ i +

:@ 3DSlicer

-
Stafus Completed
“ registrafion Parameters
Histogram Bins | 50 M
Spadial Samples | 10000 M
Iterations [2000

Trenslation scaling [ 100 ¥

Iniial ransform | anatomicel_lanauzsefin RL_regis trafionTrans form

Output kansfom | anafomical_lanauagefit AL resistrafionTransform
Fiked IMage | anadomical MRI
[T T p———

Quiput Bolume | ffine registrafion Uolume1
Default Apply

~  nanipulate Slice Uisws

EG®C2EER
“  nanipulate 30 View

[ o0 EEE-®

. L

¥ | 100
#

.@.
21:37

. ) = 2 @ dpace@localhost:~ - Shel| [ NeurosurgicalPlanningSc =
9 % G Q @ @ Q =» <> 3 4 X 3D slicer Version 3.3 & ﬂu hﬂ@ 2050?3:?’03

43-



The transform
now sets the
moving image
(meanANT, now
green in color) in
alignment with the
fixed image
(anatomical MRI)

(= BSOS AT S Do =SR]
File Edi Wiew Window  Help  Feecback
[E] B s [ O] [=] [ femenrse B o] &) [#] (@] & E [ £ 8 E] 2] B ¢ ¢ [
:
i
m IS i
=4
~ Help & Acknomledgeme: -
* Lead
(] e iume
mmmmmmmm
age O Frem
mmmmmmmmmmmmmmm
Labed Map Singde File
Apply
Agtive Velume: | meananT
* Display
Crlor Selent, o
[ irerpiat
— s [ors
— I
mmmmm ot Cise sareT
—_

A Maripuate Sice Views
(= ) (] ] ) [
A Maripuate 80 View

T EEEE

ot . =]

i
(@
G @9c Ea = = DE | @ Terminal | & Processed-File Br... || F imagecuidedThera... || 3D Slicer version 3... | ¥ & @i Thujan 7. 13:58
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3DSlicer

Click on the

transform node

to see that the
matrix has
changed

STt

File  Edi  View Window Help  Feecback

[, U

E iDSlicer

Help 2 Ackrowlsdgemert
- Lead
(] Select Volume File

Volume Mame: [meanANT

image Crigi rom
mmmmmmmmmmmmmmm
Label Map sinde File
Apply
potveaume: [ meamant
- Disgl
Ceclor Sele Gre =
[
wirdawi Le w E= R T
—| I
Threshold ot e sarer
1
Updite Histagram Imerantivel "
[-1155. 3aver] A [0 1]

“ Manpuate Sice Views

(= el [ (] R 5] ] [l (= ()

“ Wanipuate 50 View

S -@--~
—y L

’

““----

B ) & = @) G

== OeEH f A

DEE |

EE

ranenT

<rapcA D

@

G W e@v-sEa =

rocessed - File B

r.. || E imagecuidedThera... ||

3D Slicer Version 3...

| 4@ & wl Thujan 7, 13:58
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3DSlicer

" . 3D slicer Version 3.3 Alpha

Fle  Edit  View Mindow Help  Feedback

@ Wordules Dt

Open the Data
module -

mmmmmmm

Scene

anatomicalMRI (vikMRMLScalarvolumeHMode1 )

anal

The new volume

guagefMRI (vlkMRM[Su:alaNulurneNude =
Affine registration Volumel (vtkMRMLScalarvolun >

Automatic affine registration

lorm (

7

in the MRML
scene is the
resampled
moving image
(the meanANT .G 2
fMRI template)

~  nanipulate Slice Uisws

E@EDEEER

= Manipulate 30 View

HeBsass e

(=

-
O S s

2008-06-08

dpace@localhost:~ - She
X 3D slicer Version 3.3 A

2 NeurosurgicalPlanningSc

\ _ 2
’”654
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Set the
foreground to
anatomical MRI
and the
background to
Affine registration
Volume1

Click on the “fit to
window” button

File  Edi  Miew Window  Help  Feecback

Volume Mame: [meanANT

Image Criertiatl Frem File

47-




Scale the
opacities to see
that the images
are aligned

The new image is
the moving image
(meanANT)
transformed and
resampled to align
with the fixed
image (anatomical
MRI)

nnnnnnn

kkkkkk

Volume Mame

Image Criertiatl Frem File

“ Manipuate Si

(=l e ) (] [ ) ] ] (= ()

“ Wanipuate 50 View

s EHEER e
e .-'.\.L @EE
.

romlacgement

meanANT

meanANT

line View:

G W e@v-sEa =
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3DSlicer

Right-click on the
Affine
registration
Volume1 node
and select
“Delete node”

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

lE‘ Wadules: Oafa.
‘2‘ 3DSlicer

=4

¥ Help & Acknowledgement

. Displapie Modify Scene

50 To Edifor...
Delete Mode

HRHL blods Inspector
D, HkhRN L ScalarUolumehiode

Hame: lenguags fiiRI

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View

[ o EE e
T mf [ ] o &

¥ [ 100
&

Delete Mode

HeBGaass @

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (

» Automatic affine registration

= X

L EE = (A 8] (A @] @] & [E] 2 2 @6 0 [2]E)
anat. MRI anat. MBI = anat. MRl =
Affl.me 1 affl..me 1 = aifi..med =

(=

o

= - 2 @ dpace@localhost:~ - Shell [J NeurosurgicalPlanningSc - 21:41
<> - : i % 2 g BU hm@ Sunday
3 4 }( 3D Slicer Version 3.3 A 2008-06.08
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3DSlicer

Open the Volumes

modu |e File  Edit  View Window Help  Fesdback
EIE] e | e ] O] [ [ H@MEH@&E!EHEERiH

Set the foreground
to ant_t9 and the
background to
anatomicalMRiI

nnnnnnnnnnnnnnnnnnnn

Click on the “fit to
window” button

Theeshold: off o
& Manipulate Slice Views

el
=) giE
“  nanipulate 30 View

Set the active

volume to ant_t9 e tee e
Expandthe Display ©e®=2s w oo mo ML Immm oo oS
pane
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3DSlicer

Set the Color to
“fMRI”

» Threshold image intensity

STSlic

¥ Version 3: 9

e

File Edit Wiew Window Help Feedback
rttes —
fb\ sDSlicer
Ly Select Voicme Fis
Velume Name [ar 13
Image Origr: | From File

Image Orisriiali From File

Lakel Map Singe File
Aty
Agiive Volume: am 19
~ Dig

Golor Select

Tresha: & q =
L —
Updkte Histogram Imeractively [}

[0 255 x [0, 1]

P

EXES

P

o.zs

o
= g
* Manipdare Slice Views
4 Maripuate 5O View )
(=7 = O
vmv
Lx]
= = 04 Terminal - Processed - File Br... || [6 ImageGuidedThera... | =] 30 slicer version ... | 48 & il Thu jan 7, 14:11
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Threshold image intensity

3DSlicer

= Elbindliady eluetis ==

Set the threshold
to Manual and
set range:

[1] [256]

Note that there

are speech
activation ———
: B D EEEE EE (=
regions close to
rf | EHEEE =
et =
the tumour [ Ghel-= =
'jjA {I:A@@ - (B @ = = Eﬂ% Termina | = Processed - File Br... || [& ImageGu\dedThera.‘.._.f: 3D slicer Wersian 3 | @'7 & wl Thu Jan 7, 14:07
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3DSlicer

Overview

1. Loading and visualizing anatomical MRI data

1. Incorporating fMRI data using image registration
and thresholding

1. Creating a 3D model of the tumour
volume

1. Predicting the locations of brain structures using
image registration and a brain atlas

1. Incorporating brain fiber tractography from
diffusion weighted images

1. Annotating the preoperative plan and saving the
scene
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£ Model Making in Slicer3

s
3DSlicer

* Utility of model making in IGT:
— View the structure as a complete unit (instead of slice by
slice)

— Perform measurements, such as volume
measurements, that can be difficult to perform on the
Image volume itself
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3DSlicer

Model Making in Slicer3

* Steps involved in this section:

-

A&

Place a seed point on the tumour in the anatomical MRI

-

Segment the tumour volume in the anatomical MRI

Create the tumour model using Slicer3’s ModelMaker

Change the tumour model’s appearance

Save the tumour model
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Place the seed point

3DSlicer

Click on the
Background
layer button to
show the
anatomical MRI

" . 3D slicer Version 3.0

File  Edit  View  Window Help  Feedback

E Wordules Volimes

@ 3DSlicer

¥ Help & Acknowledgement
- Load
(2] select volume File
volime Name:  [lanauigenirl
image origire | prom File
single File

Label Map

ApDly

active Uolume: languagefti Rl
~ Display
a O e Color Selact Fullainbow =
I l N
Inferpolate
-
windowtLevel | ayto 2386 215 lang.. MR Sagithl :. lang..MRI :. lang... R =
N T -
| | anat..HRI ne =121 - ana i -
Threshold: Marual 2164 475
[— 1l

~  nanipulate Slice Uisws

EEDEEEE gl

= Manipulate 30 View

'RP “ LR [EE B e
" @ = @)l o

¥ [ 100
&

£

L2

1 - s o - 7l ) dpace 2 NeurosurgicalPlanningSc = 02:21
9 % G Q @ Q 2 < 3 4 Xs3ps ERE 2050?32?’01
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» Place the seed point

3DSlicer

3D Slicer Versionflil E = X

Open the

lE‘ Hodules: Editor

Fiducials B oni N

Gradintanisatropic Flter
Qe Maduls

¥ Help & Acknowledgement Querviatias

module oy =

(T select volume File Transfarms
volime Rendering

volime Mame: | languagefniRl

Volumes
Image Ovigin: | From File
Conuerters 4
Lebel e [ sinale Fle )
Cemonshrafion

Apply  Diffusion Tensor r
Diffusion ereighted -
Active Uahme: Fiterina a

T Meshing
Madel Genersion -
Color Select. Registrafion
Seqmentdion -

Inferpolsfe
Lt Staistics

windowtLevel , Tractoaraphy P lang... MRI lang...MRI lang... MRI

anat.. Rl anat... Rl anat... Rl

Thiresheld: [— 2164 +475

~  nanipulate Slice Uisws

W [ I

= Manipulate 30 View

o EE & @

¥ [ 100
&

Fiducials

HeB= =

- 2 & dpac 3 S 2 NeurosurgicalPlanningSc 02:21

Q 3 4 X 3D slicer Ver-sio.n 3.0 ﬂU m@ Sunday

2008-06-01
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Place the seed point

3DSlicer

3D Slicer Version 3.4

Createa Eli:«ml - AOEEF—- 66 E - E

new -
Fiducial
List

~ Modity Al Fiducisl Lists & Thair Fiducial Poins

Medity & Salacsd Fiducial List & Is Fiducisls
Fiduaial List
Crasta Naw FiducialList

= Add & Modify Individusl Fiducers

[T hame — — T [V ]

%

Diztanaa.

= Manipula Slics Views

E [ [ [ 3 E E FE = (]

= Manipulam 30 View

| HEE
I e

Craata Naw FidueialLict

[@

PseTace Mo Or(@. oo Do ]

@) z:asem
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Place the seed point

3DSlicer

Expand “Other
Display List
Properties”

Controls include
fiducial color
(default: pink),
and shape
(starburst)

= add & Modity Individual Fiduciale
T —— —

~ Manipulate Stics Viaw:

E [ [ [ 3 E E FE = (]
[E B [l [2] 1 o1

=" . =)
! | ][] (=] =]

ssssssssssssssssss

DseTcecs M- Ora oo oo
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Place the seed point

3DSlicer

" . 3D slicer Version 3.0

File  Edit  View  Window Help  Feedback

Set the mouse
(] [B] | voss T
mode to B o

=4

11 I H 7 - o
place items
e s 1@ [x vl

= i =

Distnce:

lang.. MRI

anat.. Rl

Add Fiducial| | Remove Fiducial| | Remous All Fiducials

Selectall Fiducials| | Deselect Al Fiducials

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View

[l =]

N o (@

[ oo EE S e
R EECOR N -

¥ [ 100
&

OeOcsswald e M

X 3D slicer Version 3.0

AOEE - ForBeE

lang...HRI

anat... Rl

i~ -5 2 NeurosurgicalPlanningSc

lang... HRI

anat... Rl

02:23

ﬂu m@ Sunday

2008-06-01
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3DSlicer

Slice through
the image
volume until
you see the
tumour in all
three views

Click once to
place the seed

Place the seed point

" . 3D slicer Version 3.0

Fle  Edit  View Mindow Help  Feedback

lE‘ Hodules: Fidutials

@ 3DSlicer

LEE = [ &) (A B @] E E [F 2 E] i [F] o

setGloh voe | shreursizo

e s @ v I
33.0... | 45.5... |

Fiduciallist1-P3 1 1 | -33.

= i =

Add Fiducial| | Remove Fiducial| | Remous All Fiducials

Selectall Fiducials| | Deselect Al Fiducials
& Manipulate Slice Views
DEE
. nanipulate 30 View
S e EIE e
IR EIC B S

¥ [ 100
&

. | A 3 dpace@localhost:~ - 5 i i _ ?
: ] <3 3 - 2  d 2 NeurosurgicalPlanningSc - 02:26
9 % Q @ Q -3 > 3 4 X 3D slicer Version 3.0 BU “m 3 Sanoay

2008-06-01
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3DSlicer

Set the mouse

mode to
“transform
view”

" . 3D slicer Version 3.0

File  Edit  View  Window Help  Feedback

lE‘ Hodules: Fidutials

@ 3DSlicer

setGloh voe | shreursizo

e s @ v I
-33.0... | 45.5... |7

Fiduciallist1-P3 1 1

Place the seed point

151 ]

Distnce:

Add Fiducial| | Remove Fiducial| | Remous All Fiducials

Selectall Fiducials| | Deselect Al Fiducials

~  nanipulate Slice Uisws
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= Manipulate 30 View
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e BEE
1w g e -

¥ [ 100
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= X
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NooE

EX

) NeurosurgicalPlanning 02:28

BU m@ Sunday

2008-06-01
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3DSlicer

The fiducial
can also be
seen in the 3D
Viewer

Place the seed point

" . 3D slicer Version 3.0 X

File  Edit  View  Window Help  Feedback

lE‘ Wadules: Fiducials
{;‘ 3DSlicer
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3DSlicer

Open the

“Segmentation

-> Simple
Region
Growing”
module

Seg

ment the tumour volume

Eila  Edit  iew  Window

9 iDSlicer

~Halp & Acknowisdgamant

= Modity All Fiducial Lists & Thair

Fidugial List

Al Modulss - 3D Slicer Version 3.4 ==

=
o ClE @ & e 6 COEEETEEE
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e 8
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Sagmantaticn Tarrpiata Buildar
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Gy bvea: | QarBursoD
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- Manipulate Slics Views
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5 T — e ——

Stistics EMSagmant Command-|ina

EMsagmant Simpla
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7 .
3DSlicer

— Parameter set =
Simple region
growing

— # of iterations = 1

— Seeds =
FiducialList1

— Input Volume =
anatomicalMRI

— Qutput Volume =
Create New
Volume

Click “Apply”

This step may take a
few minutes to run -

wait until the status
says “Completed”

~  nanipulate i

ulat lice Views
(=1 /i [ B

= Manipulate 30 Vi

» Segment the tumour volume

‘. e

Fle  Edi Wnd

les: | Simple region growing EEEI‘“ @ i +
Y zps i
= 4

wwwwwwwwwwwwwwwwwww

~  Smaothing Parameters
seamenfudion Paemeters

rumber ofiferafions | 5
rulfiplier | 2.5

Meighbothaod Radius | 1

Seeds | FiducialLisH

uuuuuuuuuuu

lllll

=

oo pEE
el cl=ciog
¥ | 100

FEEEER LE IR il o ue o

3 4 X 3D slicer Version 3.0 2008-06-01
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3DSlicer

Set the
background to
anatomicalMRlI

Click on the “fit to
window” button

The tumour is Al .
segmented by e P R N E
the label layer T
“e: EEpDEEE

called “Simple

Region growing i .a888 | & ¥ | ar) | 1aeme
Volume1” 1
(shown in Do @@ ho ME Smeckm o Buumsanmy o us 5

purple)

-66-



3DSlicer

File  Edit  View  Window Help  Feedback

Open the

Modules: Simple region GOWING ol podules search modules
.
color v
“‘ iDSlicer .
;,’ Editor
Fiducisls

aradientanisotropicFiler

4 simole Region Growing iadsls
GpeniaTLink

parmeterset| simple

odechiodule
Querafias
¥ Smoothing Parameters it
Slices
. seamentaion Parmeters Transfoms

Numbero  VolmeRendaring

Uolumes

neighbothood Radins | oonuerters -

s Demanstration

Diffusion Tensor

ot )

Fillring
hieshing -

output ol simpie regic _Mode Generstion e lana.. iRl = Sagithel leng. MRl lang.. MRI
Realstrafion Labe! Wap smoothing anat.. iRl = Simp..me1 anat..hiRI anat.. 1Rl
Seqmentifion -

Dfault e | LBt | 55,595
“ " Mulfiple models example

Tractography

Probe Volume with Model (Fainty
& Menipulste Slice Uisws

W [ I

= Manipulate 30 View

Lo BEE

¥ [ 100
&

nndel Maker
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Ik anning: 02:38

X 3D slicer Versior; 3.0 ﬂU m@ Sunday

2008-06-01

-67-



/
3DSlicer

— Parameter set =
Create new
CommandLine
Module

— Input Volume =
Simple region
growing Volumet1

— Models = Create
New
ModelHierarchy

— Model Name =
Tumour

— Labels = 255
(scroll over the
purple tumour and
note the “Lb”
value)

ers
File  Edit  View  Window Help  Feedback
Modules: | Hodel Maker E m E| E search modhles @ ] i i
@ 3DSlicer i

eeeeeeeeeeeeeeeeeeeee

a
...........
-
= Goranal = ling.
- aily
= sinp..me1 2 anat.
JRv— @I ][]

& Manipulate Slice Views
EEDLOEER EE ]
. nanipulate 30 View
il L > lE‘ @ ey 1
Cla Bl [ [ml[e) o
¥ | 100
&
mmmmmmmmmm SO —— ‘ )
i ; e Y - 2 3 dpace@localhost:~ - Sl ) NeurosurgicalPlanning = 02:39
9 % G Q @ Q -3 <> 3 4 X 3D slicer Version 3.0 BU hﬂ@' 20503_32?01
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Create the tumour model

3DSlicer

" . 3D slicer Version 3.0 = X

File Edit View Windaow Help Feadback
. 7 3 Sl i
C I |Ck Apply B s e [ B [@ [ & i d

@ 3DSlicer

Generate All odels
Labels [255

This step may o
take a few minutes- ===

. . Filfer Type [W] sine [ ] Laplacian
to run - wait until e
Point Wormals [#]
the status says ... e ——— A ———
mmmmmmm 1] ..tk 2 ] smoome 2B satn 2 @] simo.mer =

“Completed” “yeias et

~  nanipulate Slice Uisws

(L L =

= Manipulate 30 View

'RP _fL < [BE B0 e

¥ [ 100
&

02:40
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3DSlicer

Slice through
the image
volume to
expose the
tumour model in
the 3D Viewer

» Create the tumour model

" . 3D slicer Version 3.0 = X

File  Edit  View  Window Help  Feedback
9
P

:@ 3DSlicer

fiodel Prefis | Tumour
enerade All todels
Labels | 255
Stort Label [-1
End Label |-1
Joint Smoothing
A Model Maker Parameters
smooth | 10 L
Filfer Type [W] sine [ ] Laplacian
Decimate | 025 M
Split Homals [#]
Point Wormals [#]

Sawe Infermediate models

leng... kI = oron; = lang... HRI
> anatomical information > [F x|~

anad...RI = .. =1 anat.. MRl

Default Apply

~  nanipulate Slice Uisws

E@EDEEER

= Manipulate 30 View

o pEEr s

¥ | 100
#

ifeeas

PeBeBs Pl e M Xoum

) NeurosurgicalPlanning 02:47

BU m@ Sunday

2008-06-01
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3DSlicer

Open the Data
module

Delete the
FiducialList and
Simple region
growing
Volume by
right-clicking
and selecting
“Delete Node”

" . 3D slicer Version 3.3 Alpha

File  Edit  View
&

:@ 3DSlicer

window  Help  Feedback

Hodules: D

¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree

Scene

Fduciallistz (vtkMRMLFiducialList™

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)

ple region growing VolumeZ (vikMRMLSC:
catrce
GoTo Editor.
Delete Mode

» Create the tumour model

HRHL blods Inspector

D, HkHIRN LMadelNoded

Hame: Tumour_255_mambazo

~  nanipulate Slice Uisws

E@EDEEER

= Manipulate 30 View

o pEEr s
I i ]

¥ | 100
#

Delete Mod

HeBsass e

[ |

| X}

— i 2 dpace@localhost:~ - Shell [ PNG Image - 1280x800 P - 22:05
) o H : . O MB suney
3 4 X 3D slicer Version 3.3 & e
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Create the tumour model

3DSlicer

" . 3D slicer Version 3.3 Alpha = b

Note that the

model now :

‘23 iDSlicer
appears inthe ..

“ Displayie Modify Scene

MRML tree
IE

anatomicalMRI (vikMRMLScalarvolumeHMode1 )

anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)

tumourModel (vtkMRMLModelNoded)

Change the

name of the

model to )
“tumourModel”  =suoEEs

= Manipulate 30 View

.P;SL 05@ (@
T e el s L

¥ | 100

%
culling any old label map annotadions. I e

s = == ohe 2 - :
3 B 2 @ dpace@localhost:~ - Shell [ PNG Image - 1280x800 P - EAE
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3DSlicer

Open the
Models
module

3D Slicer Version 3.3 Alpha
All ttodiles
File  Edit  Miew  Mindow Help  Fsd

Color

[ Modules: e DR

Editor

oredientanisofropic Filter
niodels

OpeniGTLink

¥ Help & Acknowledgement

ey s
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languagefMRI (vtkMRE 0 orters
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Fifering
Weshing
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Seqmentaion 7
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ID: utkhRM LilodelModed
Hame: ‘hmaurttodsl
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= Manipulate 30 View
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v Change the model’s appearance

3DSlicer

" . 3D slicer Version 3.0

= x
: ;eIeCt the File  Edit  View  Window Help  Feedback

@ Wordules Wodsls E m E| search modhles @ i i

tu m O u r @ iDSlicer
model !

Select Wodel or Hisrarchy:

Madel maker Mode!1 =

% Hodel Maker Model1

visibilihy

utkh RHL WodelHigrarchyhlode?

tumourtiode!

.

clipping
Backface Culling
Oty 10
Bl setcalor.

Maderial Fropartiss

lang.. MRI leng. MRI lang.. HRI
Ambient:

anat.. Rl anat... Rl anat... Rl

Ditfuse.

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View
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3DSlicer

Set the model’s
opacity to 0.6 T

Click on the box
next to “Set
Color” to
change the
colour of the
model to blue

Select Wodel or Hisrarchy:

Sealar visibiliba| | SebActive Scalar:

sssssssssssssssss

uuuuuuuu

nnnnnnnnnnnn

Ambient:

hanipulate i

nanipulate 30
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3DSlicer

Click on the
Foreground
layer button to
show the
language fMRI
data

@ View the anatomical MRI, fMRI and tumour
Y’ model

" . 3D slicer Version 3.0

Fle  Edit  View Mindow Help  Feedback

Wordules Wodsls E m E| search modhles @ ] i i

:@ 3DSlicer

Select Wodel or Hierarchy: tumour fadel

Visibility

Scalar Visibilit || Sef Active Scalar:

Scalar Golor Hap Selech:

Power:
& enipulate Slice Views
DEE
“  nanipulate 30 View
K [ |me [EEEEEE

¥ | 100
#

02:56

i F O - B - 3 dpace@localhost:~ - S 3 PNG Image - 1280x800 P =
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3DSlicer

Overview

1. Loading and visualizing anatomical MRI data

1. Incorporating fMRI data using image registration
and thresholding

* Creating a 3D model of the tumour volume

1. Predicting the locations of brain structures
using image registration and a brain atlas

1. Incorporating brain fiber tractography from
diffusion weighted images

1. Annotating the preoperative plan and saving the
scene
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‘£ The SPL-PNL Brain Atlas

* Includes:
— Anatomical MRI
— Label maps
— >160 models

from a healthy volunteer

Courtesy I. Talos, M.
Jakab, R. Kikinis and -78-
M. Shenton


http://www.na-mic.org/pages/Special:PubDB_View?dspaceid=1265

Incorporating a brain atlas

po
3DSlicer

 Utility of an atlas in IGT:

— Estimate the positions, orientations and shapes of
important brain structures without having to segment
each one in the patient dataset
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& Incorporating a brain atlas

.
3DSlicer

 Components of the brain atlas used here:
— Anatomical MRI image
— Three models of segmented brain structures

* Using a brain atlas to approximate where brain
structures are in the patient:
— Register the atlas’s MRI with the patient’'s MRI to

determine the transformation between the atlas and the
patient

— Use the same transformation to transform the atlas
models so that they overlap with the patient’s MRI
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3DSlicer

Incorporating a brain atlas

* Steps involved
in this section:

[ Import MRML }

scene

Inspect the
MRML scene

Registration using
the MRML scene

* The precomputed MRML scene

contains a copy of the patient’s
anatomical MR, the atlas’s
anatomical MRI, three models:

— Left and right optic tracts

— Left anterior superior temporal

gyrus

and the transformation between the
patient and the atlas

The anatomical MRIs of the patient
and the atlas were registered with
an initial manual transform followed
by an automatic affine registration
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Import the patient-atlas registration transform
scene

3DSlicer

Select File ->
Import Scene

Note: Make
sure that you
select “Import
Scene” and not ==

“Load Scene”, mnoreE=

as “Load Scene” ‘5245

will delete your - 5 I
He9= 8 SYS] R X nvanzn
WOI’k SO far & S *
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scene

3DSlicer

Import the patient-atlas registration transform

Select
“anatomical
MRI Registered
ToAtlas.mrml”,
then click
“Open”

X 3D slicer Version 3.0

File  Edit  Uiew  Window

@@ Wadules:
@ 3iDSlicer

| SeTUONr.

taderial Properties
Ambient:

Diffuse:

Specular

Pomer:

Preview:

¥ clipping
A save

todel To Sawe

(2] sawe model

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View
P |5
1 L
oA

Impart Scens.

BedassEadac

< [6[=]

Feedback

Wodsls E m E| search modhles
.

»

Select File

oG
) AccuracyAssessment
) hackup_July_17_2007
=) cmake-2.6.0
=) Desktop
=) dwi-dicom
|0 patient_dataset
|5y patient_dataset_Backup
(-3 SPL_PNL_Brain_Atlas2008
—) Device-USB-0.21
) findTargets
) Harvard
= IGSTK
—) 1GSTK-huild
—) 1G5TKSandbox
) 1GSTKSandboz-build
) IGTLoadable Modules
) LegoModuleResources
—1 leaoPics

e =

1= dwi-dicom

|y patient_dataset

| patient_dataset_Backup
(- SPL_PNL_Brain_Atlas2008
anatiomicalMRIRegisiered ToAtlas.mnml
intermediate.mmml
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X 3D slicer Version 3.0

@ Desktop - Konqueror
X select File
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lang... HRI

anat... Rl

)
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3DSlicer

Open the Data
module

Set the
foreground to
atlasMRI and the
background to
anatomicalMRlI

Click on the “fit to
window” button

" _ 3D slicer Version 3.3 Alpha

Fils  Edit  View Window Help  Fesdback

@ 3DSlicer

¥ Help # Acknowledgement

A Displayi Modify Seene

MRRIL Tree

x

E‘T Scene 21
icalMRI (vikMRMLScalar 1)

anatomical_languagefMRI_registrationTransform (
languagefMRI (vtkMRMLScalarvolumeHNode2)
tumouriodel (vtkMRMLModelNoded)

icalMRI_atlas_registrationTransform (vikh,
r—atlasMRI (vtkMRMLScalarvolumeHNode4)
|—optic_tract_L.vtk (vtkMRMLModelHodes)
|—optic_tract_R.vik (vikMRMLModelNode6)
L—superior_temporal_gyrus_ant_L.vtk (vtkMRMLM

& Inspect the MRML scene

= x
A HE @R i,
|
N
abas hip1 abashipt = aflas Rl =
> >
anat.. MRl ana.. RI anat...MRI =

icalMRI (vtkMRMLScalar 3)
ML Mode Inspector x
ID: utk MRML ModelModed

Mame: fumourhiodel

& Hanipulate Slice Uisws

E@ro=E

= mgz 30 View
P ;

KB @

B : dpace@Iocalhost:~ - Shel! [ PNG Image - 1280x800 P 22:09

-y [r— =
=3 < X 3D slicer Version 3.3 A O S s

2008-06-08
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Inspect the MRML scene

3DSlicer

InspeCt the atlas " . 3D slicer Version 3.3 Alpha
MRML scene -6~ “=====

(]| e B R | o] £ ¥
neW nOdeS r‘\ 3DSlicer i

b 4
— atlasMRI = anatomical 7z

. Displapie Modify Scene

MRI from the atlas x
. anatomicalMRI (vikMRMLScalarvolumeHMode1 )
— optic_tract_L.vtk =

CH-anatomical_languagefMRI_registrationTransform (
languagefMB B salag/glumeNode?)

X

wodel (vikMRMLModelNoded)

. T
m Od el Of th e |eft O ptIC T anatomicalMRI_atlas_registrationTransform (vikl L~ >
|—atiasMRI (VIkKMRMLScalarvolumeHode4)
|—optic_tract_L.vtk {vikMRMLModelNode5)
t raCt | —optic_tract_R.vik (vtkMRMLModelNode6) = =
L superior_temporal gyrus ant Lvtk (vtkMRMLM [ aviel = affastip 2 Sagithl 2l affasip - rorial £ s
anatomicalMRI {vikMRML ScalarvolumeHode3) Hone = anat.. MBI 2 anal - 2 anat.

— optic_tract_R.vtk =
model of the right optic |« e
tract —

— Superior_temporal_ = ESnOEED
gyrus_ant_L.vik = T e RN
model of the left " i e el s S
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Inspect the MRML scene

3DSlicer

Inspect the atlas
MRML scene - 6
new nodes

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

E Wordules Dt

@ 3DSlicer

— anatomical MRI = copy z e

of the patient’s
anatomical MRl

— anatomicalMRI_atlas_
registration
Transformation = the
transformation
between the patient’s
anatomical MRI and
the atlas’s MR

mmmmmmm

B Scene
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
CH-anatomical_languagefMRI_registrationTransform (
languagefMB B salag/glumeNode?)
ugsePTitdel (vikMRMLModelNoded)
s -anatomicalMRI_atlas_registrationTransform (vikh
r—atlasMRI (vikMRMLScalarvolumeHNode4)
|—optic_tract_L.vtk (vikMRMLModelNodes)
|—optic_tract_R.vik (vikMRMLModelHode6)
L—superior_temporal_gyrus_ant_L.vik (vikMRMLM
anatomicalMRI (vikMRMLScalarvolumeHMode3)

~  nanipulate Slice Uisws
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3DSlicer

Delete the
duplicate
anatomicalMRI
node by right-
clicking and
selecting
“Delete Node”

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

Wordules Dt

¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree x

Scene

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)
tumourModel (vtkMRMLModelNoded)
-anatomicalMRI_atlas_registrationTransform (vikk
r—atlasMRI (vikMRMLScalarvolumeHNode4)
|—optic_tract_L.vtk (vikMRMLModelNodes)

Ga To Edifot..
Delete Mode

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View

.Pf LR [EE B e
4 @

Delete Mode

HeBGaass @
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» Inspect the MRML scene

aflasnipl

anat...RI

dpace@localhost:~ - She
X 3D slicer Version 3.3 A
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[l PNG Image - 1280x800 P
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3DSlicer

Inspect the patient-atlas registration

Scale the
opacities to see
how well the
atlas MRI and
patient
anatomical MRI
Image volumes
are aligned

" . 3D slicer Version 3.3 Alpha = b

File  Edit  View  Window Help  Feedback

Wordules Dt

@ 3DSlicer

[DIE e (2] (] [A) 5] (6] B

¥ Help & Acknowledgement

. Displapie Modify Scene

MR Tree

= Y

Scene
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)
tumourModel (vtkMRMLModelNoded)
-anatomicalMRI_atlas_registrationTransform (vikk
r—atlasMRI (vikMRMLScalarvolumeHNode4)
|—optic_tract_L.vtk (vikMRMLModelNodes)
|—optic_tract_R.vik (vikMRMLModelHode6)
L—superior_temporal_gyrus_ant_L.vik (vikMRMLM

aflasnipl aflasnpl affas e

anat...RI anat...hRI anat.. Rl

HRHL blods Inspector
D,

Hame:

~  nanipulate Slice Uisws
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“ manipulate 30 View
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i

2 Inspect the patient-atlas registration

3DSlicer

* Important note: Since an affine registration was
used, the brain structure models from the atlas
may not match the anatomy of the patient:

— Affine registration does not account for differences in
brain shape

— The patient’s tumour will deform brain structures
compared to the healthy atlas subject

* Thus the brain structure models give only a rough
idea of their positions in the patient

* Non-linear registration could be used to partially
remedy this - ex. B-Spline registration in Slicer3
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& Inspect the entire scene so far

3DSlicer

Set the -

foreground to |
languagefMRI i

Help &
. * Display e Modify Scene
ickonthe ==
Scene
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
FO re ro u n d anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)

tumourModel (vtkMRMLModelNoded)

= Y

-anatomicalMRI_atlas_registrationTransform (vtkk

I a e r b u tto n to |—atiasMRI (vikMRMLScalarVolumeHoded)
|—optic_tract_L.vtk (vikMRMLModelNode5)
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language fMRI :
Mame:
d at a *  Manipulate Slice Views

E@EDEEER

= Manipulate 30 View

oo BEES e
. L
ERLEIEID DR

Slice through the
image volume to
get a good view

i — — 2 @ dpace@localhost:~ - She!l [ PNG Image - 1280x800 P - 22:13
9 % G 8w SW'S < X 3D slicer Version 3.3 A O %9 sunoey
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3DSlicer

Overview

1. Loading and visualizing anatomical MRI data

1. Incorporating fMRI data using image registration
and thresholding

* Creating a 3D model of the tumour volume

1. Predicting the locations of brain structures using
image registration and a brain atlas

1. Incorporating brain fiber tractography
from diffusion weighted images

1. Annotating the preoperative plan and saving the
scene
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£ Diffusion Tensor Imaging (DTI)

Diffusion Sensitizing Diffusion Weighted
Gradients Images

°o o | Ly
\ 7=\
| Z=N

* Each diffusion weighted image shows the diffusion of water
In the direction of the diffusion sensitizing gradient

Courtesy S. Pujol
and R. Gollub -92-



Diffusion Tensor Imaging (DTI)

s
3DSlicer

» Acquire diffusion weighted images (DWI) and baseline
Images
> Estimate a tensor at each voxel to create a Diffusion
Tensor Image (DTI)

> Calculate a scalar “diffusion anisotropy index”, such
as fractional anisotropy, to quantify the diffusion’s
anisotropy
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2 Diffusion Tensor Imaging (DTI)

3DSlicer

* Utility of Diffusion Tensor Imaging in IGT:

— Major tracts that run between functionally important
regions of the brain must remain intact to prevent side
effects for the patient

— Knowing where these tracts are allows us to modify our
surgical plan so that we avoid them (as much as
possible)
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& Diffusion Tensor Imaging (DTI)

3DSlicer

* Steps involved in this section:

Load and inspect the Place the tractography
DWI data seed points

« N

Create and inspect the
tensors using a
precomputed MRML

[ Perform tractography }

Registration using a
A SCENe / precomputed MRML
scene
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3DSlicer

Open the
DICOM DWI
Loader module:

Modules ->
Converters ->
Dicom DWI

Loader

Load the DWI data

- Al Mockies sDslicer Version 3:

=T =N

File  E# Mew  Window A Gelor
Dara
weates: Edier ﬂ El El
Ficuaials
Hockls
DSlicer =]
% Slicerweloome
Slices
A Welseme & Abecn Trarmicrms
WeiLme Rendering

VeiLmes

vhzares licer
Irformatics:

version 3.4
Regisiration
Segmentation
Siatistics
Ditlsion

3D Slicerisairescpen  Traoogaphy

Easi informaticn and eetu i o her. Please see our website mpsiiwwe sliser or and the dosLmermation on oo wiki for mare
imormation: miptwww slicer lermatiory5.a.
Filering

. Sirlase Madsls
30 slicerxic dstibuted L Batch ensing Biails abou 1he comribution and soffware liceree agreemen. Hease see
gt erere slicer.craicgbin L i e ol -

approved by the Focdand Dn. | Garwerters

Develeper Tog Greate & DIGOM Series

— Dicom leﬁader
Dicom 1o M

maces

Hint: 1o cpenany imomatc

Dortt show fhis modue on starip. 2
Python Corvert ¥olume 1o HUMPY File

T Overview Fython Creare Sings RO file
Fython Explode Yolume Trarsiom

~ Basic & Edendsd Modi
iz & Eae o= Fython Load Velume from NUMEY File

™ Loading Sceres & Daia Fyihon Resample Velume
Fyihon Reslice As Velume

~ Saving Sceres & Daia

¥ Adisiing Dars Display

™ Gerfigring Viewsrs & Layeut

~ Mowse Modes

T Curtemivin Siar

“ Maripuate Slice Views

= [EE

“ Maripuate 5D View

=dical image proceszing and SO visLelization of image da1e. Ths medis comairs some

iz == h FUEoses ooy and hes oot been reviewed or

Terminal [2D Slicer ersion 3.4 ...

3D slicer Wersion 3.4 1.0

#ll Wed Oct 28, 11:45
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£ Load the DWI data

3DSlicer

-

3D Slicer Ve ﬁiun 3.4

He Eit Vew Wniw Hep Feadhack
Mofues | Coom Dl ecer
;"g SDSlicer
e

Create a new

" HepdAcknowedgement

MEEE

B ) (&) (&) @) [ [F] (=) 2 @) [ 0] & ¢ & [

CommandLine
Module

“ic

Defait

Click on the
folder icon to
set the DICOM
directory

= Meripate Sice Viess

EEmplElEEREE

“ Weriputale3DVien

ks -

ol
=
“lEE
I

“ Dicom DV Loader
Parameterset| r :
Corpleted
Du:mDi

dhilmage

Aoty

28] '

Hil Mere cE s Mre cE| o
o ] e E] v ) e i@ e
[9][=[+] [9][=[=] [9][=[<]




3DSlicer

Click on the
DTI folder
within the
patient
dataset, then
click “OK”

He Eit Vew Wniw Hep Feadhack

3D slicer Version 3.4

Q 3DSlicer
w

¥k

Ly EE S

Iﬂ@[ vt | Oomonraer —| (€] ] (%) [@ [ B8 (] [ B @) @ [

7 Hep&Adnowledgeent
“ DicomD¥ Loekr
Perameter set
“Ic
Defat Coneel [ sony]
= Waripuate Sice\Viess

ETRE Sk T —

* WeripuisteADViey

1 @]

=&

ERP)
HEE

Select Directory

NN X=)

B [ hiliu
() alex_golby_cases
B ) aug25_slicerworkshop
B 5 Heurosurgical Planning TutorialData
B I patient_dataset
3 3D_SPGR
M DTI
I3 FlesForPrecomputed MRMLScenes
I language_FMRI
(3 SPL_PHL_Brain_Atas20086
B ) Slicerd-3.4-2009-05-21-linux-x86_64
I hin
) include
=3 lib
| share
() Slicer3visualizationDataset
[C3) bioimagesuite
() braintab
(== b

|

L

AN

x || cas |
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£ Load the DWI data

3DSlicer
I T— —
BE o OO0 S BhAECECEDEECE

Set the B o :

dwilmage to ER—

“Create New - —

Diffusion o o

Weighted

Volume” .

Click “Apply”

=1 = : Mo cE| o : Mg
SE e S e 2@ e
[S][=[[]

S e

This step may
take a few —
minutes. Wait SEN0EDNEEES
until Status says

“Completed”

24 -
ol
=
“lEE
I

-99-



5
%
A

3DSlicer

Select the
Volumes Module

Close “Display” -
tab and expand —

“Info” tab.

Halp & Acknowladgamsant

‘ ~ e ’ 2
Image Spacing: 1 1 28
Imaga Oy

Select “Center
Volume”

ipulats Slica

Maniputate

(5 e ) [ ) ]

| [EHEE 2o e
-

isom DWW | lca

OseToas 8 o

-, (=
(2] [=]

s
ey
[@l[=]-]
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Load the DWI data

3DSlicer

Note that the
volumes are not
correctly aligned.

Repeat the steps
from slide 41 to

align the , e e
volumes using T
manual

followed by - 2=

affine registration gicecocme v o n e

-101-



o

3DSlicer

Turn the visibility =
off for the four
models in the
scene (tumour,
left and right
optic tracts, and
left anterior
superior
temporal gyrus)
by right-clicking
and selecting
“Toggle
Visibility”

% Load the DWI data

3D slicer Version 3.3 Alpha

Help Fesdback

T DEEEF PEEEEEOEDEEEE o

‘ii Slicer
* Help & Acknovledaement
lafe Modify

mmmmmmm

= VlkMRMLMDdeINDde4\
ranatomicalMRI,  Cuthode
—atlasMRI (vik 0o To Editor

onTransform (vikk

lumeHode4)

—optic_tract_L, = fogdk Visbilt fndel Nodes)

|—optic_tract R Deleferiode ModelNode6)
uperior tempnral)qyrus ant_L.vtk (vtkMR

D e1)

. Manipulate Slice Views

@D

*  manipulate 30 Vie

P |5 o ar
; pEE =
I al e e

¥ <1nn
k4

Toggle visibility

e 8s

O B s

2008-06-08

dpace@localhost:~ - She!l [l PNG Image - 1280x800 P

X 3D slicer Version 3.3 A

CEYSE-R-
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Inspect the DWI data

3DSlicer

Open the
Volumes
module

Open the
Display pane

< @

. N . . g: 'm.mﬁ zE - § ;5 El.
Set the active e a— v '

volume to the
DTI volume
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% Inspect the DWI data

3DSlicer

7
e
A

Note that the
Display pane
now allows you
to select the DWI
volume

Set the
background to
DTI

Click on the
Background
layer button )
I EEEE e
Click on the “fit = e
to window” G&eFToesB - HE(=c|eujrr |5 o] @) o
button
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3DSlicer

Scroll through
the 36 volumes
In the set:

-0 to 4 are
baseline
Images

-5 to 35 are
diffusion
weighted
Images

Eila AWiawr Halp Faadbaak.
& &l - o= oEE - B DR S EEE @E S E F e

T Halp & Acknomladgamant

:uww- e — |2 [EE] |

-mmm_..., ;v e

-EI-

@) s:50PM
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Note that the
Diffusion Editor
pane within the
volumes module
is activated when
diffusion
weighted images
are loaded

Expand the
Diffusion Editor
pane and note
the gradients
used to acquire
the images

Imaga Dimsnsiond
~ Manipuiata Slioa Viaws

=l &=
~ Manipulata 30 Wiaw

[ @] (2] =
S = =]
i 58

OseTacas S - HE

L. |@o.|wr. [ e |

Q@) 3:54PMm
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Create the tensors

3DSlicer

_ 21 Modulas ¥ 3D Slicer Version 3.4 ol
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3DSlicer

Set the three
“Output” fields to
“Create New
DiffusionTensorV
olume”

You would click
“Apply” to compute
the tensors, but will
upload a MRML
scene of
precomputed
tensors because
computing tensors
takes a while

Create the tensors

< Manipuiata Slioa Viaws
=l &=
~ Manipulata 30 Wiaw

[ @] (2] =
S = =]
i 58

mmmmmmmmmm

Q@) 3:58PM
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Create the tensors

3DSlicer

Open the Data

module —
€E

Select File ->
Import Scene

Note: Make sure
that you select
“Import Scene”
and not “Load
Scene”, as “Load

“ Load 5 Add Seanas O Individus! Dawmsals

S
TP

[T —
(2] [E] a2 sotar s o vtumse
(5] (] e 20 e - i ircery

IEI - -I:I--- EE (=

[N . = [
£

L]
o)

Hﬂﬂ

Scene” will delete '

your work so far

OseTacefo F(la. |eu v |o. e

g
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3DSlicer

% Create the tensors

Select
“precomputed
Tensors.mrml”,
then click
“Open”

I’

Bl @l -~ =

:9 3DSlicer

~ Halp & Acknowladgamant
“ Display & Modity Seana
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Bl Scene
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3D Slicer Version 3.4
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Create the tensors

3DSlicer

" . 3D slicer Version 3.3 Alpha

3 new nodes:
- Baseline Node: "™ ~

. . D iDSlicer
image without w
diffusion weighting === -

- Threshold T—L

languagefMRI (vikMRMLScalarVolumeHNodeZ)
Mask: mask

= x

excluding the e
background

- TensorNode =

the tensors HEDOEEE

Set the ST E
background to

the tensor node

— DiffusionEditor_1._BaselineNode (vikMRMLScalar
— DiffusionEditor_1._ThresholdMask (vtkMRMLScak

__ DiffusionEditor_1._TensorMode (vtkMRMLDIiffusi

HEML Hods Inspector

~  nanipulate Slice Uisws

4 i . - = d localhost:~ - She
HDeBcasaadmc B Sl

2 NeurosurgicalPlanningSc ﬂ - G- 10:42
h}j Monda:
X 3D slicer Version 3.3 A | 2008_06_"09
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Create the tensors

3DSlicer

3D Slicer Version 3.0 = X

Open the ‘e Edit  View  Window  Help  Feedback _— I

B8 - = EEEE - Ep{EY§iErEpEmE e
VOIumeS @ 3DSlicer :
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(2 select volume Fils |
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Set the active v =l
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View the tensors

3DSlicer

" . 3D slicer Version 3.0 = X

: ;et the Bt Edit  Uiew Window Help  Fesdback

Hodules: tolumes E lz‘ EI E stavch modles @ i +

Window/Level B s
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Lebel W Sinale File
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- Display
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windawtLeuel | anual 1257 06155

that the tensors ... . 71—
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~  nanipulate Slice Uisws

see EEEEEEE

“ manipulate 30 View
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View the tensors

3DSlicer

Scroll down and
turn the glyphs
on for all three
views

Adjust the scale
factor and the
spacing

" . 3D slicer Version 3.0

File  Edit  View  Window Help  Feedback
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b 4

visibility vellow
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View

3DSlicer

the tensors

Line direction:
the direction of
the tensor’'s main
eigenvector

Line magnitude:
the magnitude of
the diffusion

Line colour:
fractional
anisotropy

Wordules

" . 3D slicer Version 3.0 = X

File  Edit  View Window Help s
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View the tensors

3DSlicer

" . 3D slicer Version 3.0
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3DSlicer

View the tensors

" . 3D slicer Version 3.0
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3DSlicer

Place the tractography seed points

Open the
Fiducials
module

Create a new
Fiducial List

< Fiducisl List

Fils  Edic  Wiaw Window Halp  Faadback

&) Bl - i
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~ Halp & Acknowladgamant
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Place the tractography seed points

3DSlicer

3D Slicer Version 3.4

& Edit  wiaw Window Help  Feadback

I%IIEIM i EIEEIM:M [ @] (& B @ & = = S e E 2§
Expand “Other -/ = '1
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x
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3DSlicer

Set the mouse
mode to
“place items”

Fils  Edic  Wiaw Window Halp  Faadback
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3DSlicer

Place the tractography seed points

Click to place
one fiducial
point in the
corpus
callosum

Set the mouse
mode to
“transform
view”
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3DSlicer

Perform tractography (fiber tracking)

Open the
tractography
“Fiducial
Seeding”
module
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- 3D Slicer Version 3.4

AP EE- B E E B (S E

= i

Surtaca Modals

Ditlusion Waigh

AR CRIRIR T I

=]

FibarBundias. -

FidugialSaading

Labalmsp Saading

icad

~ Manipulata Slioa Viaws

El & 3

- Manipulata 30 Yiaw

Fiducial Saading

Distanos

(@

6§6@Q®@J% o HE:(w.. |[@o.]|w.

Q@) a:27Pm

-122-




3DSlicer

3D Slicer Version 3.4

—DTI volume =
Diffusion Tensor -
Estimation
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— Fiducial list = e
FiducialList2 S
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Perform tractography (fiber tracking)

3DSlicer

Open the
Volumes
module

Turn the glyphs
off for all three
vViews

Click on the "
visibility” E=—
button to turn =

off the slice

ViSibiIity 6§6@Q®@J% o HE (@ e .o (=] - 430;
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Perform tractography (fiber tracking)

3DSlicer

3D Slicer Version 3.4
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3DSlicer

Open the
Fiducials
module

Turn off the
visibility of the
fiducials

Perform tractography (fiber tracking)
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Import the anatomical-DTI registration
transform

3DSlicer

" . 3D slicer Version 3.0 = X

jow  Help  Feedback

jlucials E lz‘ EI E search modules @ P |§|

Select File ->
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3DSlicer

- Import the anatomical-DTI
transform

registration

Select
“anatomical
MRI Registered

X 3D slicer Version 3.0
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Inspect the MRML scene

3DSlicer

Openthe Data ey e
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4

3DSlicer

Delete the
duplicate
anatomicalMRI
node by right-
clicking and
selecting
“Delete Node”

Inspect the MRML scene

" . 3D slicer Version 3.0
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3DSlicer

3D Slicer Version 3.0

File  Edit  View Window Help  Feedback
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< Inspect the MRML scene

Drag the three
diffusion editor SR ==

Hodules: Dt E lz‘ EI E stavch modles @ i +

nodes, the B i .

fiducial list

“ Displayie Modify Scene
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3DSlicer

Set the

foreground to the

baseline DTI
node and the
background to
anatomicalMRlI

Scale the
opacities to see
how well the
atlas MRI and
patient
anatomical MRl
Image volumes
are aligned

Inspect the anatomical MRI-DTI registration

" . 3D slicer Version 3.0 = X
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3DSlicer

Inspect the anatomical MRI-DTI registration

Set the
foreground to the
tensor node and
the background
to
anatomicalMRlI

Scale the
opacities to see
how well the DTI
FA map and
patient
anatomical MRI
image volumes
are aligned

" . 3D slicer Version 3.3 Alpha

Hle  Edit iew Mindow  Heb  Feedback

lﬂ lﬂ erdles Dste
r‘\ 3DSlicer
=4

¥ Help & Acknowledaement

A DEE] e (2] ] (A 5] [S] [l (7] (2 (7] (8] (O] [ % ¥ [Of

. Displap i hodify Scene

MR Tree

ETS[:EnE
icalMRI (vikMRMLScalar )

anatomical_languagefMRI_registrationTransform (

languagefMRI (vikMRMLScalarVolumeMode2 )
tumourModel (vikiMRMLModelHoded)
ranatomicalMRI_atlas_registrationTransform (vikl
—atlasMRI (vikMRMLScalarVolume Noded)
|—optic_tract_L.vik (vikMRMLModelHode5)
|—optic_tract_R.vik (vtkMRMLModelNodes)
L—superior_temporal_gyrus_ant_L.vik (vikMRMLM

(T =

-
Diff..ode coronal : Diff..ode
{E] one 4 anat.. MRl

anat...MRI

DTI (vikMRMLDiffusionWeightedvolumeHode1)
anatomicalMRI_DTI_registrationTransform {vtkMF

Y EEE

RN L Hode Inspector
[}

Hame:

& nianipulate Slice Views

(= i 3 0] [ L

& Manipulste 30 View

Aeo BEE
1] afe1 4 ]

}@1 00
i@.
- 5 == - 2 dpace®@Ilocalhost:~ - Shell [i§ PNG Image - 1280x800 = 22:35
B % @ Q @ Q 'i Q 3 4 X 3D slicer Version 3.3 A ﬂﬂ ;aﬂ ZUSUUETS?UE

-134-



/ >

3DSlicer

Set the
foreground to
languagefMRI

Click on the
“visibility” button

Click on the
Foreground
layer button to
show the
language fMRI
data

Inspect the entire scene so far

" . 3D slicer Version 3.3 Alpha = b
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3DSlicer

Slice through
the image
volume to get a
good view

File  Edit  View

Wordules Dt

" . 3D slicer Version 3.3 Alpha

window  Help  Feedback

3DSlicer
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“ Displayie Modify Scene

MR Tree
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3DSlicer

Turn the visibility
on for the four
models in the
scene (tumour,
left and right
optic tracts, and
left anterior
superior
temporal gyrus)
by right-clicking
and selecting
“Toggle
Visibility”

& Inspect the entire scene so far

" . 3D slicer Version 3.3 Alpha = b
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Inspect the entire scene so far

3DSlicer

The scene now
contains
anatomical MRiI
data, functional
MRI data, a
segmented
tumour volume,
estimates of
other brain
structures and
brain fiber
tractography

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback
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& Overview

3DSlicer

1. Loading and visualizing anatomical MRI data

1. Incorporating fMRI data using image registration
and thresholding

* Creating a 3D model of the tumour volume

1. Predicting the locations of brain structures using
image registration and a brain atlas

1. Incorporating brain fiber tractography from
diffusion weighted images

1. Annotating the preoperative plan and
saving the scene
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* Utility of plan
annotation in IGT:

— Surgeons can mark
important points on the
plan, such as the
planned surgical access
point, so that their notes
can be brought into the
operating room
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£ Plan annotation

3DSlicer

* Steps involved in this section:

Mark the entry point and the tumour
access point on the plan

Measure the distance between the
two points

[ Save the scene }
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3DSlicer

Open the
Fiducials
module

Create a new
Fiducial List

Annotate the plan

3D Slicer Version 3.0
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3DSlicer

Set the glyph

type to
Sphere3D

Annotate the plan

. 3D slicer Version 3.0 = X
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Annotate the plan

3DSlicer

" . 3D slicer Version 3.0
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3DSlicer

Adjust the 3D
Viewer to get a
view from the
right

Annotate the plan

" . 3D slicer Version 3.0

= X
File  Edit  View Window Help  Fesdback
e @it R
B e [ e OEEER BE i
4
¥
“‘ iDSlicer
¥ Help & Acknowledgement
. Display
Fiducial List Selech: FiducialList2 al
Test Scale: 45 symbol Scale: 10
E‘ Opacit: 1
setColor || Set Selected Golor [
setoloh vpe | spheresn
leng... kI lang...HRI - lang... HRI —
anad...MRI anad...RI anat.. MRl =

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View

e i

. [EE B o e
sl L

¥ [ 100
&

il i3 PNG Image - 1280x800 22:56

ﬂu m@ Sunday

2008-06-01

Q%GQ@Q 3 Q-Z 5 dpz

3 4 X 3D slicer Version 3.0 2 NeurosurgicalPlanningSc.

-145-




Annotate the plan

3DSlicer

" . 3D slicer Version 3.0
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3DSlicer

Place a fiducial
on the sagittal
plane
representing
the planned
entry point for
the left frontal
craniotomy

Annotate the plan

" . 3D slicer Version 3.0 X
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Annotate the plan

3DSlicer

" . 3D slicer Version 3.0
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3DSlicer

Place a fiducial
on the sagittal
plane
representing
the planned
access point to
the tumour

Annotate the plan

" . 3D slicer Version 3.0 X
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Annotate the plan

3DSlicer

N " . 3D slicer Version 3.0 = X
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3DSlicer
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3DSlicer

Slice through
the image
volume to get a
good view

Inspect the final scene
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3DSlicer

Set the layout
to the “3D only
layout”

" . 3D slicer Version 3.0
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Inspect the final scene

3DSlicer

" . 3D slicer Version 3.0 = X
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3DSlicer

". 3D slicer Versio.
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Save the scene

3DSlicer

= 3D Sticer Version 3.4 BIETE]
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£ Overview

* In this tutorial, you learned how to
— Register image volumes together
— Segment and build models of structures of interest

— Load diffusion weighted images, calculate tensors and
perform fiber tractography

in order to build a preoperative neurosurgical plan
incorporating

— anatomical MRl — brain structure models
— functional MRI from a registered atlas
— a model of the tumour  — fiber tractography

— annotated fiducial points
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£ Conclusions

3DSlicer

* Slicer3 has extensive support for Image Guided
Therapy

* Slicer3 is free open-source software that allows
IGT researchers to share algorithms and work
within a common framework
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3DSlicer

For more information...

Image registration:
* Read about the mutual information similarity measure here:

Wells, S. et al., Multi-modal volume registration by
maximization of mutual information. Medical Image Analysis,

1(1):35-51 (1996).

Collignon, A. et al., Automated multimodality image registration
based on information theory. Proceedings of the International
Conference on Information Processing in Medical Imaging,
263-274 (1995).
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For more information...

Model Making:

Slicer3 uses the marching-cubes algorithm to generate
models - read about it here:

Lorensen, W.E. and Cline, H.E. Marching cubes: a high
resolution 3D surface construction algorithm. ACM SIGGRAPH
Computer Graphics 21(4):163-169, 1987.
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For more information...

Diffusion Tensor Imaging:
* Areview on DTI:

Le Bihan, D. et al., Diffusion Tensor Imaging: concepts and
applications. Journal of Magnetic Resonance Imaging,

13:534-546 (2001)
* A review on tractography:

Mori, S. and van Zijl, P.C.M., Fiber tracking: principles and
strategies - a technical review. NMR in Biomedicine, 15:468-480
(2002)
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