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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
— DTI tractography

using the example of
preoperative planning fo
Image guideo
neurosurgery
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Material

3DSlicer

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

. Igﬁggr%nssdftware 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.



http://www.slicer.org/pages/Downloads
http://www.slicer.org/pages/Downloads
http://www.slicer.org/pages/Downloads
http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-Planning
http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-Planning
http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-Planning
http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-Planning
http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-Planning
http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-Planning
http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-Planning
http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-Planning
http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-Planning
http://wiki.na-mic.org/Wiki/index.php/IGT:ToolKit/Neurosurgical-Planning
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Prerequisites

3DSlicer

* Data Loading and Visualization in Slicer3:
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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

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

* The precompiled program and
the source code are both freely

downloadable
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e Image Guided Therapy (IGT) in Slicer3

”
3DSlicer

Slicer3 has extensive support for IGT, including:

* Visualization -

* Registration

* Segmentation

* Model making

* Diffusion Tensor Imaging et

* Quantification

* Filtering

* Interfacing to imaging devices,
trackers and medical robots

Focus of
this tutorial

Courtesy R. Kikinis



& The goal of neurosurgical planning

3DSlicer

* Prior to surgery:

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

— Highlight structures of
Interest

— Determine the best
surgical approach




Clinical Case - brain tumour resection

3DSlicer

* |maging 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-



£ Tutorial datasets

3DSlicer

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

SPL-PNL
brain atlas

SPGR MRI Language
(anatomical) fMRI

Diffusion
Weighted
Images

-11-



3DSlicer

£ Overview

. Loading and visualizing anatomical MRI

data

Incorporating fMRI data using image registration
and thresholding

Creating a 3D model of the tumour volume

Predicting the locations of brain structures using
Image registration and a brain atlas

Incorporating brain fiber tractography from
diffusion weighted images

Annotating the preoperative plan and saving the
scene

-12-



Anatomical imaging

”
3DSlicer

* 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

”
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
patient_data
set

Click “Parse
Directory”
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3D Slicer Version 3.4
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ad the anatomical MRI data

3DSlicer

] 3D Slicer Version 3.4 E]@E]

Eila  Edit  Miaw  Window Halp  Faadback

Note the Sm - - .

!b‘ 3DSlicer

DICOM
: ; § ; | voumed A i *

P — % lO-@med i riame [ size |
MRML Traa ER=1 [ || 000001.1MA 524 KB
[ — = backup 00000Z.1MA 524 KB Th

. May 22 10:15:20 UnknownPatient
S uin 000003.1MA 524 KB Thu May 22 10:15:20 Unknown Study ]
= boot 000004.1MA 524 KB Thu May 22 10:15:20 _ A< FSPGR 3D (144 files)

000005.IMA 524 KB Thu May 22 10:15:20 |—000001.1MA (AmediaixferiGl

el

May 22 10:15:20 Farca

iracscry

oy ete 000006.1IMA 524 KB Thu May 22 10:15:20 |— 000002 1MA (AmediamxfernGl,

. () home 000007.IMA 524 KB Thu May 22 10:15:20 |—000003.IMA (fmediarsrernGl,
= homez 000008.1MA 524 KB Thu May 22 10:15:20 [ 600004, 1MA (Amediafericl

r I D ihn 00000S.IMA 524 KB Thu May 22 1011522 | 000005.1MA (imediaixfernG1
, £ lah 000010.IMA 524 KB Thu May 22 10:15:22 |—000006.1MA (AmediarxferaGT,

(0 lib 000011.IMA 524 KB Thu May 22 10:15:22 |—000007.1MA (AmediasxfernGl,

(=) lost+found 000012.1IMA 524 KB  Thu May 22 10:15:22 |—000008.IMA (fmediaxTer/IGT

B [ media 000013.IMA 524 KB  Thu May 22 10:15:22 |—000009.1MA (MmediaixrerA1G1

. .
— e WML SE1K5 T ey 22 0toce e (e

I backup B MLy H15s . FIGT

MRML Mods Inspsser 1 disk UONOTECIREY 524 KB - Thu May 22 1001522 —000012.1IMA (Amediarx 1

= disk-1 000017.1MA 524 KB Thu May 22 10:15:22 | 0001 5. 1M (Amedinfefor
~ Lcad § Add Seanas Or Individus! Datasats. () disk-2 000018.1IMA 524 KB Thu May 22 10:15:22 =
- D ext 000019.1MA 524 KB Thu May 22 10:15:22 oy
a | e n Lo s <o (o s © thums 0000Z0.IMA 524 KB Thu May 22 10:15:22 | Doscripion ——[vame [
B o xfer 000021.1MA 524 KB Thu May 22 10:15:2: Pationt=THarme Mot Availabie -
Add  soana (1o curanty = backup_LAURA 000022.1MA 524 KB Thu May 22 10:15: . . =
= 0 IGT_tut 000023.IMA 524 KB Thu May 22 10:15; (FEHE UD LUl GREENE -
. . S S O = NeurosurgicalPlanning Tt 000024.1MA 524 KB Thu May 22 10:150P2 Modality MR
=) images 000025.1MA 524 KB Thu May 22 10:15522 Study Date Not Available
I n O r a I O n . B (0 patient_dataset 00D026.1IMA 524 KB Thu May 22 10:18:22 Study Descripti... | Mot Available
I I I = 3D_SPGR 000027.1MA 524 KB Thu May 22 10:18:22 L =
=1 000028.IMA 524 KB  Thu May 22 10:18:22 it Birms | Lont el il
IR L T IC T ) & Files ForPrecomputeq 000029.IMA 524 KB Thu May 22 10:1 Series Number 135
) language_FMRI —! || 0D0D030.IMA 524 KB Thu May 22 10:1 Series Descript...  AX FSPGR 3D
ana scan e S =P e Brin sl || e e T ey 2 105 roup Lengtn 202
— =) images_Hlaura - ey 195 _
e &3 misc 000033.1MA 524 KB Thu May 22 10:153 File Meta Infor... | AAE
= C mnt 000034.IMA 524 KB Thu May 22 10:15:2 Media Storage 1.2.840.10008.5.
=l =l =[= Chopt 000035.1IMA 524 KB Thu May 22 10:15:22 Media Storage 1.2.840.113619..
& proc 000036.IMA 524 KB Thu May 22 10:15:22 Transfer Synta... | 1.2.840.10008.1..
R oot # || ooo037.1MA 524 KB Thu Mav 22 10:15:22) % .
an palata 30 Viaw
[ = = | = =] ] =
= i Fatn: [frmad im0 1GT_t Naurcergios! Planning Tutoral Dits/patiant_datassu3_SPORIG00 THMA
L EHE (S =
® " — Cantarad lanors Fila Criantation Latal Map Singla Fila Hama: | Ax FSPGR 3D
!

Addd Voluma G a | Appty| | Cancal

Dot ocs Mo HE(av [eu [~r o ) 2z2a

-17-



Load the anatomical MRI data

3DSlicer
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y Load the anatomical MRI data

3DSlicer
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3DSlicer

Open the
Data
module
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3DSlicer

Click on the
“AX SPGR
3D” node

Expand the
“Node
Inspector”,

enter
“anatomical-
MRI” and
press Enter

the anatomical MRI data
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3DSlicer

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

y Load the anatomical MRI data
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3DSlicer

1.

1.

£ Overview

Loading and visualizing anatomical MRI data

Incorporating fMRI data using image
registration and thresholding

Creating a 3D model of the tumour volume

Predicting the locations of brain structures using
Image registration and a brain atlas

Incorporating brain fiber tractography from
diffusion weighted images

Annotating the preoperative plan and saving the
scene
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“Functional MRI (fMRI)

 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 —— e

— 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

3DSlicer

Courtesy S. Pujol,
W. Plesniak and -24-
R. Gollub


http://www.fil.ion.ucl.ac.uk/spm/
http://www.fil.ion.ucl.ac.uk/spm/
http://www.fil.ion.ucl.ac.uk/spm/
http://www.fil.ion.ucl.ac.uk/spm/

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)
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Functional MRI (fMRI)

3DSlicer

* 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
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3DSlicer

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
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) 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=

= Terminal

=s| Processe...

Sl ImageGui... 3D Slicer ... Add Data = 3D slicer ...
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» Load the language fMRI data

3DSlicer

Set the P— ADAER—
background '

volumeto =
anatomicalMRl ===

Click on the “fit -

to window”
button

Click on
“Center 3D

= 7 g P - 2 @ dpace@localhost:~ - She!l [ Neurosur gicalPlanningSc
View” button HRPO0ES P M 0 Xaosorversionso
L]
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3DSlicer

Set
anatomicalMRI
to background
and meanANT
to foreground

Scale the

opacities to see  msurep

both the
foreground and
background
layers

£ Load the language fMRI data

File  Edit  View Window Help  Feedback
Modes | lolmes

4
»

eeeeeeeeeeeeeeeeeeeee

Image Origin: | From File

eeeeeeeeeeeeeee

Active Uohme:

\\\\\\\

oo EEE
o Bl ] @] o8
¥ | 100

D088 @2 o ML i nammn Sraamm
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Load the language fMRI data

3DSlicer

" . 3D slicer Version 3.0

— X
File  Edit  Miew  MWindow  Help  Feedback
|§| lﬂ Modules: Volumes E lz‘ EI E search modules @ 3 +
<
.
{i\ iDSlicer
= 4
¥ Help & Acknowledgement
-~ Load
(2] select volume File
volime Mame: lanauagetiRl
Note that the
Label Map Single File
- Apply
I m ag e Active Uolume: languagefhRl
¥ Display
volumes are
.
- ~ &m : lang... MRl :
not aligned L -

~  nanipulate Slice Uisws

E@EIEEER

“ manipulate 30 View

RPL\;L o> lE‘ @ Ic)j
e @R s [E]
¥ [ 100

(<3
@ dpage®ocalhost:~ - S| media:/sda - Kongueror 15:52

. i . o = Saturday
X 3D slicer Version 3.0 ~J NeurosurgicalPlannings ﬂu ;ﬂg 2008-05-31

HeeBGasmsEadio

-31-



Image-to-Image registration

3DSlicer

Image registration
aligns two images
together with the
goal of making
the corresponding
anatomy overlap

The mean fMRI activation
volume will be aligned to the
anatomical image. This
registration will be used to

The anatomical MRI and mean align the thresholded
functional MRI image volumes functional activation
Overlap volume..

The anatomical MRI and functional
MRI image volumes are not aligned
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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
registration

}  An affine transformation estimates

* Slicer’s affine registration module
uses mutual information to
estimate the similarity between two
Images
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y

3DSlicer

Initial manual transformation

30 stcor version .0 |LLD =5 %
File  Edit  View window Help  F Color
en the o
Wadules: vol  Editor JEI starch madles i i
Fiducials .
Gradientanisofrapic Flter v
[ransforms g =
4 ———
Qdectodule
~ Help & Acknovledaement Quertihfes
module
(T3] select volume File Trensforms -
volime Mame: | languagefi Rl volunRendering
Image Ot | From File
Converfers
Label Map single File Lemanshradion
Apply Ditfusion Tensor
Diffusion weishited
active olume: Filtering :
~ Disolay Weshing
odel Genetation
i Fegistration
~ infa Segmentation
- e Stafistics = ~
Tractography leng... MR lang. MRI - lang... MRl =
anat.. Rl anat... Rl = anat... Rl =

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

Trnsfoms

HeBGaass @

< [6[=]

Q

- 2 dpace@localhost:~ - Shell 2 Analyze - Kongueror ﬂﬂ m@- 18:10
G Saturd;
<> 3 4 }( 3D slicer Version 3.0 20:3u.r05a.;1
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3DSlicer

Create a
new linear
transform

The new
transform is
Initialized to
the identity
matrix

» Initial manual transformation

" . 3D slicer Version 3.0

File  Edit  View Window Help  Feedback

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

a0... | 0.000...
s 4 .. | 0.000...
0.000... | 0.000... | 1.000... | 0.000...
0.000... | 0.000... | 0.000... | 1.000...
Translafion X

Rofefion X

~  nanipulate Slice Uisws

E@EIEEER

“ manipulate 30 View

oo EEE
Do Bl el oe (=]
¥ | 100

Greate New LinearTransfom

9 % G Q @ @ Q 3 < - 2 @ dpace@localhost:~ - She ﬂﬂ m@ S::J:r]‘;;y

3 4 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
‘anat-
lang_ xfrm”

s o 1 mane
[y p—
[ r——
[P ———

Manipulate Slica Wiaw:

(= ) [ Y 3 1

Manipulate 30 Vie

OseTaacs o

SECTS X s =P LY
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3DSlicer

Drag the
meanANT and
ant_t9 nodes
under the
transform node

Now any
changes to the
transform node
are applied to
the language
fMRI image
volume

£ Initial manual transformation

~ Display & Modity
MRML T
: i RI

s o 1 mane

s o o clonccry

PUF—

490 ot o 0 ol vy
o

= Manipula Slics Views
- | B
~ Manipulate 30 View

¢ | EEEE e
| (@) ] 2] - =
s | = Rl

OseTaacs o

E_ |H\”1[I”UTHE ||®|‘ Q) za1em
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» Initial manual transformation

3DSlicer

Open the
Transforms ,
module e

uuuuuuuuuuuuu

rrrrrrrrrr

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

AdeSt the ppovd iyl Bpeo ey
translation x
components to
roughly align
the two image  "200°°F
volumes inthe 3888 5 @
axial plane

3 L - 2 @ dpace@localhost:~ - She
9 % G Q @ @ Q S ) A 3 4 X 3D slicer Version 3.0
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» Initial manual transformation

3DSlicer

This initial

" _ 3D slicer Version 3.3 Alpha

transfformatlon R TR
matrix “pushes” the @ ... j
languagefMRI

Image into rough
alignment with
anatomical MRI
image.

Rrotadion

Idenfity

= hanipulate Si

Next, automatic
affine registration .. ¢

will closely fitthe - -af@s =) =
fMRI to anatomical
image.

i — i~ - She
- 2 dpace@localhost: Shell 3 Neurosur gicalPlanningSc
9 % G Q @ a Q A 3 4 X 3D slicer Version 3.3 A
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3DSlicer

3D slicer Version 3.3 AljiEi

Date

Madules: Transfo  Editor

n ﬁine Fiducials
.’ OpenIGT LRk
[ = Qdecmodule
Reqistration o
g ROl

credientanisofronicFilter
“‘ iDSlicer nodels
Slices

Transforms
A Uehume Rendering
moaule
15 Conuerters
Demenstrafion
rofafion Diffusion Tensor
Ditfusion Weighted
LE Filtering
Meshing
- Model Geneation
Seamentetion
Stadistics
Tractography

Coordinate Referenced global Identity

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

NnELY [EE=EEE

affine registration

HeBasass e

» Automatic affine registration

x

o ; lang.. R lang. MBI
(Utsh) Defomable B Spline registraho e ane. MR
ffine registrafion

Deformable B5pline registradion
Linear regis radion

Realignvolume

- 2 dpace@localhost:~ - Shell [2 NeurosurgicalPlanningSc
3 4 X 3D slicer Version 3.3 A

lang... MBI

anat.. Rl

Q
21:31

ﬂu m@ Sunday

2008-06-08
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» Automatic affine registration

3DSlicer

Note that the Affine

" _ 3D slicer Version 3.3 Alpha

registration module
supports multiple :
sets of parameters -«
for repeated use.
To create a new _
set, select: o

nitial ransfom | one

|| =
0| g
¥

[« [v] (= [@] oo

4
»

& Registrafion Parameters

“Create new
CommandLineMod T —

* enipulate Slice Views
ule” EEDDEEE

“  anipulate 30 View

oo BEE®
Then set T e Eel s CE

¥ | 100

parameters as o
follows - Dedaassad oo M S e ous IZ,
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3DSlicer

— Translation scaling =
500

— Initial transform =
anat-lang_xfrm

— Output transform
anat-lang_xfrm

— Fixed Image =
anatomicalMRI

— Moving Image =
languagefMRI

— Output Volume =
Create New Volume

Click “Apply”

» Automatic affine registration

" _ 3D slicer Version 3.3 Alpha = X

File  Edit  View Window Help  Feedback

Hodules: Affine registration

.@ iDSlicer

LEIE e (2] 6] (3] B 6] [ F [F] 2] 6] P i o

Spadial Samples | 1000
Iterations 2000

Trenslation scaling [ 100

Iniial ransform | anatomicel_lanauzsefin RL_regis trafionTrans form

Qutput bansform | anatomical_lanauasefit AL resgistrafionTransform

Fiked IMage | anadomical MRI

inamede | languagefniRl

. Menipulate Slice Views

E@EIEEER

= Manipulate 30 View

N < [BE B0 e
. L 5
RN EE I A -
w100
| Q
9 y - 2 @ dpace@localhost:~ - She!l [ NeurosurgicalPlanningSc - G' 21:32
% G Q @ @ Q - <> 3 4 X 3D slicer Version 3.3 A BU ""ﬂ 2008-06.08
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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

File  Edit  View Window Help  Feedback

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

.@ iDSlicer

-
Stafus Completed
“ megistrafion 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_lanauagefil AL resistrafionTransform
Fiked IMage | anadomical MRI
L L T ——

Quiput Bolume | ffine registrafion Uolume1
Default Apply

. Menipulate Slice Views

E@C2EEE

= Manipulate 30 View

P _S | T [ G

Yl B @Rl s CE]
¥ | 100
v

[~]

21:37

i — - 2 @ dpace@localhost:~ - She!l [ NeurosurgicalPlanningSc -
9 % @ Q @ ® Q < Ene X 3D slicer Version 3.3 A O e .
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The transform
now sets the
moving image
(meanANT) in
alignment with the
fixed image
(anatomical MRI)

Lakel Map nge File
Apply
Velume:
ispis;
Gelor Sele
Imerpel:
Wi Le
mmmmm ot

Maripuste 50 View

) [ & (5]

meanANT

|||||

(= e [0 (] B R

|
Ele  EM Mew Wndow  Hep  Feecbask
& &E]| = e [ B = & [ B B & (@ [6 FEEEEEE S B 2§
- S| i
=2
Help = Ack .

I mEEIE
@
O @9a = =H @ wemine | i Processed -File Br.. || @ imagacuidedThera... || M1 20 Siicer version z... | 4@ & @i Thu jan 7. 13:58
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3DSlicer

Click on the
transform node
to see that the
matrix has
changed

» Automatic affine registration

Ele  ES1 Miew Window

[

;@ iDSlicer

¥ Help 2 Ackrowledgemer
~ Load
[ Seteot voiLme File
Wolume Mame:|meanAMT
Image g | From File
Image Criematl Frem File
Label Map (] Singe File
Aprly
Active Velume
~ Display
Gelee Seleat:
Imerpolate

windowi Level: | paral

Threshod, o

[-1155. 5ave7] A [0 1]

il

“ Manpuate Sice Views

El E [ EEE

Help  Feecbask

meanANT

Green

E=5)

1017

—i —

Upctte Hiztogram Imermstively

“ Maripuate 5D View
=7
ot
= = DE Terminal == Processed - File Br.. =l ImageGuidedThera... || [

3D slicer version 3...

@ & @i Thu jan 7, 13:58
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3DSlicer

Open the Data
module

The new volume
In the MRML
scene is the
resampled
moving image
(the meanANT
fMRI template)

" _ 3D slicer Version 3.3 Alpha

Fle  Edit  View Mindow Help  Feedback

Wodules: Dt

mmmmmmm

Scene

anatomicalMRI (vikMRMLScalarvolumeHMode1 )

anal

anguagefMRI (vlkMRM[Su:alaNulurneNude
Affine registration Volumel (vtkMRMLScalarvolun

» Automatic affine registration

rm

~  nanipulate Slice Uisws

i (LR
. Mznipulzte 30 View

P |5

oo EEE
o Bl ] @] o8
¥ | 100

HeBasass e

=

Q

dpace@localhost:~ - Shell [2 NeurosurgicalPlanningSc 21:39

\ (R -
e -
S < 3 4 X 3D slicer Version 3.3 A o hﬂ@ 2008-06-08
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3DSlicer

Set the
foreground to
anatomical MRI
and the
background to
Affine registration
Volumel

Click on the “fit to
window” button

» Automatic affine registration

L]
Fle Ef Vew Wiew ep  Feecbank
] ]| o = [ B = & [ B & F @ EEEEE 2 EE s e
3
B sos
p= 4
"~ Help & Acknowledgeme: .
“ Load
3 == L
mmmmmmmmmm
Image Srign: | From File
Image Criermati From File
Lot imp 5] Singe File
Apply
vy ume: | meanaNT
“ Display
Getor el -
v 1

B

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

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)

Automatic affine registration

Ele E#1  Miew Window  Help  Feectack

[ 01 =) @ e

B [&] (& @ (9] [F [

W B EH ¢
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» Automatic affine registration

3DSlicer

" _ 3D slicer Version 3.3 Alpha = X

File  Edit  View Window Help  Feedback

Right-click on the B S IO [ T LT AT RS
Affine B e

registration e
Volumel node
and select

“Delete node”

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (

50 To Edifor...

Delete Mode

anat.. MBI anat... MBI anat..mel

Affi..me 1 = Affi..me Atf.med

HRHL hlods Inspector x
D, ikhRN L ScalarUolumehiode
Hame: languags iRl

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

oo @EE-E
‘L
RN EE I A i =
¥ | 100

Delete tode [%)
y P :~ - She _ :
- 2 dpace@localhost: She!l [ NeurosurgicalPlanningSc - 21:41
9 % G Q @ & Q 2 < a3 X 3D slicer Version 3.3 A O B s

2008-06-08
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» Threshold image intensity

3DSlicer

Open the Volumes
module

" _ 3D slicer Version 3.3 Alpha

Set the foreground
to ant_t9 and the
background to
anatomicalMRI

Click on the “fit to
window” button

eshiold: off
& enipulate Slice Views
WED) I Sl e
2lj Woey i = G l=
“  anipulate 30 View

WL oo EE B
L
RN EE I A i =
¥ | 100

Set the active
volume to ant_t9

Expandthe Display @Ge®c zm s @ a 9 o B2 Gomecmo o Snme oo O UG
pane
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3DSlicer

Set the Color to
H.I:MRIH

» Threshold image intensity

3D Slicer 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
~ Oig

Golor Select

Threshotd: S q

Updkte Histogram Imeraatively
[o. 255 = [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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3DSlicer

Set the threshold
to Manual and
set range:

[1] [256]

Note that there
are speech
activation
regions close to
the tumour

» Threshold image intensity

Image Crieratl From File

“~ Maripdate Sice Views
fe
“ Maripdate 0 View

& (=]

L SDESIICErVersion =5
Ele  Ed Windem: chac)
s o (] D] (= [ e B o (4] =] @ & 2] (@ [ B B e|E] ¢ § R
,ra 3IDSlice
L seteat voiume Hie
Velume

oW e - o8]

e=| Processed - File Br...

El ImageGuidedThera...

1 3D slicer Wersion 3...

W & wi Thu jan 7, 14:07
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3DSlicer

£ Overview

Loading and visualizing anatomical MRI data

Incorporating fMRI data using image registration
and thresholding

. Creating a 3D model of the tumour

volume

Predicting the locations of brain structures using
Image registration and a brain atlas

Incorporating brain fiber tractography from
diffusion weighted images

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

>
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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S Model Making in Slicer3

Steps involved In this section:

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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3DSlicer

Click on the
Background

layer button to

show the

anatomical MRI

alone

" . 3D slicer Version 3.0

» Place the seed point

= X
Kt Edit  Uiew Window Help  Fesdback
MEEE e (2] P
- e e =
4
¥
‘ﬁ‘ iDSlicer
¥ Help & Acknowledgement
- Load
(2] select volume File
volime Name:  [lanauagefninl
Image ORI | From File
Label nap single File
Apply
ctive Uolme: anguagefhiRl 2
* Display
Color Select FullRzinbo
Inferpolate
-
windowtLeveh | auto P 'L lana..hiFI Sagithl = lana. hiFI = lang... MRI =
H_[ anad...MRI ne = anad...MRI = anat.. MRl =
Threshold: [o— 2164 4475
[ — 1l

~  nanipulate Slice Uisws

E@EIEEER

“ manipulate 30 View

N < [BE B0 e

L
REEIEICDEE R -

¥ | 100
v

HeB=sas e

Q

2 NeurosurgicalPlanningSc 02:21

ﬂu m@ Sunday

2008-06-01

- [ dpace@localhost:
B : i d
D | <> 3 a4
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3DSlicer

Open the
Fiducials
module

» Place the seed point

3D Slicer Versionfiilg . .

File  Edit  View Window  Color

Editor
Fiducials
Gradientanisofropic Filher

{;\ iDSlicer

i’ openiGTLink

Qec madle
¥ Help & Acknowledgement Querviaties
ROl
- Load
: Slices
(] select volume File Transfarms
volime Rendering
volime Mame: | languagefi Rl
Volumes
Image Origin: | From File
Conuerters
Label single File
" ? Demonstrafion

Apply  Diffusion Tensor
Diffusion ereighted
Active Uohme: Fiterina a

YD Meshing
Madel Genersian
Color Selsct. Registrafion
Seqmentdion

Inferpolsfe
™ Staistics

whndowLevel; , Tractography 5 lang... MRI lana. MR lang... MRI

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

Thiesheeld: [— 2164 +475

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

NnELY [EE=EEE

Fiducils [%)

- 2 = d alho S 2 NeurosurgicalPlanningSc 02:21

<> 3 4 X 3I.) -Slicer Versio.n 3.0 BU mg’ Sunday

2008-06-01

HDeBsBs P
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» Place the seed point

3DSlicer

- 3D Slicer Version 3.4
Fita  Edit  iaw Window Halp Fasdbsck

A ——

Create a

{E\ 3DSlicer i
new -
Fiducial = .
it —

= Add & Modify Individusl

| Listz & Thair Fiducial Poinis

Tt — — T v ]

MEEE -~ B E S E

=al=]

P i (<

%

Diztanaa.

= Manipula Slics Views

E W [ [ 3 E E FE = (]

= Manipulam 30 View

27 I (2]

Craata Naw FidueialLict

HseTeceSY o OE(la . f|ev v oo |

Q@) z:aspm
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Expand “Other
Display List
Properties”

Controls include
fiducial color - |
(default: pink), | =ooes

=
..FI
and shape T

(starburst) =8 2 =

ssssssssssssssssss

HseTaoeceMMo R a e | rrjo.|e:. ]
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3DSlicer

Set the mouse
mode to
“place items”

Ded8ssad e ™ W

» Place the seed point

" . 3D slicer Version 3.0

= X
Kt Edit  Uiew Window Help  Fesdback
& =] T
[ BN @ o &
1
v
‘ﬁ‘ iDSlicer
setahoh 1v0e | starurstzo
e e (@ x v
-
H 1 sl lang.. MRl Sagithl leng. MRl Caronel a lang... 1R =
Distance: == =
anad...MRI anad...MRI Hene = anat.. MRl =
Add Fiduciel| | Removs Fiducial| | Remous All Fiducials x >

Selectall Fiducials| | Deselect Al Fiducials
& Manipulate Slice Views
-] LR
. Mznipulzte 30 View
w00 B e
p—3—L w7 @ e
IRNLE = [=]

¥ | 100
v

ocalhost:~ - S 2 NeurosurgicalPlanningSc 02:23

BU mg Sunday

X 3D slicer Version 3.0 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 X

View  Window  Help  Feedback

Rk Edit L
Modes: | Fichcils
“‘ iDSlicer

setGhoh voe | shreursizo

e oo @ 1 v 1T

Fiduciallist1-P3 1 M1 | -33.0..  45.5...

[« [v] (= [@] oo

4
»

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Selectall Fiducials| | Deselect Al Fiducials

~  nanipulate i

lice Views
EEDEEEE EE L]

“ manipulate 30 View

oo EEE
T me @Rl o [
¥ | 100

| i , 2 @ dpace@localhost:~ - 5 3 NeurosurgicalPlanningsc - 02:26
9 % G Q @ @ Q =3 < ? 4 X 3D slicer Version 3.0 ’ : BU hﬂ@ ]

2008-06-01
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» Place the seed point

3DSlicer

" . 3D slicer Version 3.0

= b
S t 'th Al Edit e window bl Fuedback
e e lllouse Modules: Fidhcils Emglﬂmhmodulzs @ i “ '
B i ~
- iDSlicer
mode to B
“transform e
e e v T
Vi eW” FducialList1-P3 1 @1 | -33.0.. | 45.5.. |-
H 1 sl lang.. MRl lang... 1R =
Distance:
anat.. Rl anat... Rl =
dd Fiducisd| | Fmave Fiducsl| | Remavs A1l Fduciels =

-
Selectall Fiducials| | Deselect Al Fiducials E

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

[l ]

p® o

p—3—L lE‘
e B [ @2

Q

DodcEs a0 me M SrLn o T o us I
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» Place the seed point

3DSlicer

. . " . 3D slicer Version 3.0 -8 [x
The fiducial
(] ]| vosse rces RN E e (] ] [4) @] (6] & [ 2] @6 [© 0] B ¢ 5o
can also be =

9 iDSlicer
seen in the 3D mr——
Vﬁewver Eﬂlllﬁﬁﬂtﬂg!g!ﬁ

Fiduciallist1-P3 1 1

= 7 =

Distnce:

lang.. RI lang. HRI

anat.. Rl

anat... Rl
Add Fiducial| | Remove Fiducial| | Remoue All Fiducials
Selectall Fiducials| | Deselect Al Fiducials

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

[l ]

p® o

p—3—L lE‘
e B [ @2

Q

1 ‘ y  — - 2 = dpz ocalhost:~ - § 2 NeurosurgicalPlanningSc - 02:27
9 % G Q @ @ Q =3 <> 3 4 X 3D slicer Version 3.0 BU hﬂ@ zosolg!g:f’ol
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= = 3D slicer Version 3.4 =E

Eila  Edit  iew Window Coler

()penthe I Bl e R R =

% Fidugiale

Modals -
7‘5‘ iDSlicer Rot
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Ragisiraticn
Fidugial Lizt: -
Sagmantaticn Tampiata Buildar
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3DSlicer

— Parameter set =
Simple region
growing

— # of iterations = 1

— Seeds =
FiducialListl

— Input Volume =
anatomicalMRI

— Output Volume =
Create New
Volume

Click “Apply”

This step may take a
few minutes to run -
wait until the status
says “Completed”

» Segment the tumour volume

" . 3D slicer Version 3.0

4
¥
“i iDSlicer

hanipulate i

ipulad lice Views
-] DEEE
. anipulate 30 View

(=

“P e EIE
IR EIEICIORE - N
¥ | 100

BeOats @aldme MI (o o Srmarnm o ue I,
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» Segment the tumour volume

3DSlicer

Set the
background to
anatomicalMRI

Click on the “fit to
window” button

The tumour is - _
segmented by e S < :a”“
the label layer e
wes: EEpDEEE

called “Simple

Region growing RECL:- B S / _ B
Volumel” e
(shown in BDeBams @a@ e M S o Dl o us 5

purple)
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3DSlicer

Open the
Model Maker
module

File  Edit  View Window Help  Feedback

|§| @ Wadules: Simple region arowing Al Hordules starch madles

4
GColar »

iDSlicer Data
Editor

Fducins
GradientanisolropicFilter
4 simple Region Growing fiodels
Qpenli3TLink
poEmekrset| simole e
Quervaties
~  Smaothing Parameters Aol
Slices
4 seamentafion Parameters Transtoms
Numbero UshmeRendsring

Uolumes
neighbothood Radins | oonuerters

Demanstration »

Diffusion Tensor

Ao

tieshing

output Uolug simple pegic _Model Generadion r rapscale madel maker leng.. R =
Reaistrafion " Label 13D Smoothing anat..Rl =
Seamentation r

el . Mode! Maker
s " Mulfiple models example

Tractography

" Probe Uolume Hith hiadel (Faint)
= Manipulate Slice Uisws

3

“ manipulate 30 View

P00 BEE O E

b=}

[&=]

nndel Maker

HDeBsBs P

B dpz

Saaittel lang...HRI

Simp..me1 anat...hRI

Plannir

X 3D slicer Version 3.0

lang... HRI

anat... Rl

02:38

ﬂu mg Sunday

2008-06-01
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v Create the tumour model

3DSlicer

— Parameter set =

Create new
CommandLine st [ it Mm@ 2 EEEE N EDE =
Module @ iDSlicer
— Input Volume = e
Simple region
growing Volumel
— Models = Create o
New
ModelHierarchy ;EH
— Model Name = -
Tumour EEEDEEE
— Labels = 255 e 1
(scroll over the S ST e
purple tumour and e emeres - o _ ‘ ©
note the “Lb” BeB=8s o me BT (Ll T X L
value)
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v Create the tumour model

3DSlicer

" . 3D slicer Version 3.0

Fie  Edit  Uiew  Window  Help  Feedback
= (11 7
C I I Ck App Iy Hodules: hodel hisker E lz‘ EI E search madules @ i +
{;\ iDSlicer i

=4

Generate All odels

Labels [255

This step may >
take a few minutes:- ===
to run - wait until

Split Homals [#]

Point Wormals [#]

the status says

-
= Saqittl = lana. MRl
~ anatomical Information - 1 ¥ .

A - 2. MR
wwwwwww =12} at... R = Simp..me1 : anat...hRI
“Completed” Zxslam

~  nanipulate Slice Uisws

E@EIEEER

“ manipulate 30 View

nfL Do [EIE O e
Do w0 [

¥ | 100
v

| Q@
DD B85 B 2D Ho ML Xormmm | o e i

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

-69-




3DSlicer

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

BeBcEsma® mo MY Lo

v Create the tumour model

" . 3D slicer Version 3.0 = X

File  Edit  View Window Help  Feedback
9
¥

@ iDSlicer

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

Save Infermediate models

leng... kI = oron; = lang... HRI
> anatomical nformation - [F =

anad...MRI = .. =1l anat.. MRl

Default Apply

. Menipulate Slice Views

E@EIEEER

= Manipulate 30 View

S e pEE e
IBE ISR -

¥ | 100
v

) NeurosurgicalPlanning 02:47

ﬂu 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
&

.@ iDSlicer

window  Help  Feedback

Hodules: D

¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree

Scene

Tui

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)

mple region growing YolumeZ (vikMRMLSC
FduciallistZ (vtkMRMLFiduciallist™

v Create the tumour model

AEE @ lEnEzE P

] (4] (&

= Y

cutrode

HRHL hlods Inspector

D, HkHIRN LMadelNoded

Hame: Tumour_255_mambazo

. Menipulate Slice Views

E@EIEEER

= Manipulate 30 View

RP oo @E Eoe
| EfH e
¥ | 100

Delete Mod

HeBasass e

5o Ta Editor.
Delete Mode

#

X

[ |

< - 2 dpace@localhost:~ - She!l [ig PNG Image - 1280x800 P BU m@ Sii:::;
3 4 X 3D slicer Version 3.3 A AR
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3DSlicer

Note that the
model now
appears in the
MRML tree

Change the
name of the
model to
“tumourModel”

v Create the tumour model

" _ 3D slicer Version 3.3 Alpha

File  Edit  View Window Help  Feedback

Wodules: Dt

@ iDSlicer

LEIE - (2 8] (A =] @] & E 2 2 @B B CE ¢ F o

¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree

= Y

Scene
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)
tumourModel (vtkMRMLModelNoded)

lang... MBI lang...MRI lang... A1

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

MRML hode |

HkHIRN LMadelNoded

fumourhiode]

. Menipulate Slice Uiews

(=] & (A [

= Manipulate 30 View

p® o

p—3—L lE‘
e B [ @2

Cilling any old label map annotafions [%)

HeBasass e

B : dpace@localhost:~ - Shell [ PNG Image - 1280x800 P 22:06

= =
< EE X 3D slicer Version 3.3 A O WS sunaey

2008-06-08
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3DSlicer

Open the

Models

3D slicer Version

&l todules

File  Edit  Uiew Window Help  Feed

Wodules:

@ iDSlicer

Color
-0
Editor

oredientanisofropic Filter
niodels

OpeniGTLink

~ Help & Acknovledaement
ey s
. Displapie Modify Scene ROl
MFhL Tree Slices X
Scene Transforms . 1
anatomicalMRI (vikMRK “omsRndein
anatomical_languagefMR valmes n(
languagefMRI (vtkMRE 0 orters
tumourModel (VIKMRMLI o, iation
Diffusion Tensor
Ditsion weishted
Fifering
Weshing
Modsl Genaration lang. MR lang. MRl lang._men =
Regishaion anat.. R anat...MRI anat.. MR :
Seqmentaion o
ML Nods Inspector Stafefcs x
Tractography
ID: vtk RN LilodelModed
Hams: ‘hmaurttodsl

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

NnELY [EE=EEE

todels
2 dpace@localhost:~ - Shell [ PNG Image - 1280x800 P - 22:06
9 % G Q @ a Q }( 3D Slicer Version 3.3 A ﬂu hﬂ@ ZUSUUSITSZ?’US
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» Change the model’s appearance

3DSlicer

" . 3D slicer Version 3.0

= b
SeIeCt the File  Edit  View Window  Help  Fesdback

Hodules: Hodels

tu m Ou r @ 3DSlicer
model

Select Wodel or Hisrarchy: Madel maker todel1

# Hodel Maker Model1

visibiliy:
kbt R ModelHierarchyhlods2
fumouriodel
Clipping
Backface Culling
Opacite
B| setcalor.
Mideril Properties X leng. MRl lang.. MRl = lang... 1R =
Ambient: o anad...MRI anad...MRI = anat... kI =
Diffuse 100
= Manipulate Slice Uisws
. Manipulafe 30 View
o BEE®
P
s B = [=]
Vi [ 100
o
umaurtodel

Q

9 % G Q @ @ Q 5 <> ? i }(13|D slicer Version BI;I s ﬂu m@' Su‘-'zn::;’

2008-06-01
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» Change the model’s appearance

3DSlicer

Setthe model's [z == 05
opacity to 0.6 B e

search modules

4
»

- Mode Disple
( :IICk On the bOX ggggggggggggggggggg
visibiliy
Scalar visibiliy[ | 5et Active Scalar:

next to “Set = ..

uuuuuuuu

Color” to 2 () x

change the
colour of the
model to blue EEEOEEE

eeeeee

Ambient:

RP oo @E B
BEEECRE =
¥ | 100

BeBcEsma® mo MY Lo
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v View the anatomical MRI, fMRI and tumour
” model

3DSlicer

" . 3D slicer Version 3.0

Click on the
Foreground B s
layer button to
showthe =20 '

cliping

language fMRI S

..........

|
a a Waerial Properfies

Ambient:

4
»

Power:

R L > . @ (e
e e e
¥ | 100

i . — I 2 @ dpace@localhost~ - Shel 8 PNG Image - 1280x800 P - 02:56
9 % G Q @ @ Q <> 3 4 X 3D slicer Version 3.0 ﬂu ‘FHEG' 20508-36?’01
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3DSlicer

£ Overview

Loading and visualizing anatomical MRI data

Incorporating fMRI data using image registration
and thresholding

Creating a 3D model of the tumour volume

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

Incorporating brain fiber tractography from
diffusion weighted images

Annotating the preoperative plan and saving the
scene

-77-



The SPL-PNL Brain Atlas

* |ncludes:
— 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

”
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 MRI, 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”, FInreEs

as “Load Scene” ‘i:-i3Ead % =

will delete your - _
He0=2889209 [t
Work SO far e 8sEsa B <
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e

3DSlicer

scene

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
intermediateDTLmrml
partl.mml

partz.mmml
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part3.mmml

15 KB
25 KB
23 KB
6 KB
8 KB
10 KB
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Filerame:  [anatomical MRI RegisteredTomizs mml

Files of bpe: |1

(i | 2

B dpace@localhost:~ - Sh
X 3D slicer Version 3.0

@ Desktop - Konqueror
X select File

Coronal

lang... HRI

anat... Rl

)

15:28

ﬂu mg Sunday

2008-06-01
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» Inspect the MRML scene

3DSlicer

" 3D slicer Version 3.3 Alpha = %

Fils  Edit  View Window Help  Fesdback

Open the Data B ST <
module [B osicer ' -

¥ Help # Acknowledgement

A Display i Modify Scene

MRNIL Tree

Set the s s [
foreground to e A
atlasMRI and the

background to

anatomicalMRI

—atlasMRI (vtkMRMLScalarVolumeHodes)
& Hanipulete Slice Uisws

|—optic_tract_L.vtk (vtkMRMLModelNode5)
E@uoE

|—optic_tract_R.vik (vikMRMLModelNode6 )
L—superior_temporal_gyrus_ant_L.vik (vtkMRMLM abas Rl atfasmpl aasmpl
Click on the “fitto -3~
ick on the *fitto -3~
T b3 )
window” button

x

MERL bods Inspector x

MRI (vtkMRMLScalar 3) anat.HiRI | anat..HiRI | anat.. MRl
s
| A B

@ P P 2 & dpace@localhost:~ - Shell {8 PNG Image - 1280x800 P - 22:09
9 % G Q ® Q > 5o X 3D slicer Version 3.3 & 0 W% sencay

2008-06-08
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3DSlicer

Inspect the atlas
MRML scene - 6
new nodes

" _ 3D slicer Version 3.3 Alpha

File  Edit  View Window Help  Feedback

Hodules: D

(] &

9 iDSlicer

atlasMRI = anatomical ===
MRI from the atlas
optic_tract_L.vtk =
model of the left optic
tract

optic_tract_ R.vtk =
model of the right optic = mmwo
tract ;
Superior_temporal_
gyrus_ant L.vtk =

mmmmmmm

Scene
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
1-anatomical_languagefMRI_registrationTransform (
languagef]| eHode2 )
el (vtkMRMLModelNoded)

5 icalMRI_atlas_registrationTransform (vikk
r—atlasMRI {vikMRMLScalarvolumeHMode4)
|—optic_tract_L.vtk (vikMRMLModelNodes)
|—optic_tract_R.vik (vtkMRMLModelHode6)
L—superior_temporal_gyrus_ant_L.vik (vikMRMLM

~  nanipulate Slice Uisws

EEINEEER EE

“ manipulate 30 View

[ e BEE e
model of the left " =i = e o & =

anterior superior

temporal gyrus DeBass e a

E m E| E search modhles

= Y

anatomicalMRI (vikMRMLScalarvolumeHMode3)
\ #
x

» Inspect the MRML scene

9] (&) (4] =] (6] B (] (@] (] (8] (O [2] [ & & [

|t al Al affaship
= .

]

dpace@localhost:~ - She 22:09

X 3D slicer Version 3.3 A

[ig PNG Image - 1280x800 P
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» Inspect the MRML scene

3DSlicer

I n S pe Ct th e atl aS " _ 3D slicer Version 3.3 Alpha
MRML scene - 6

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

new nodes B sosiicer

= 4
— anatomical MRI = copy s
of the patient’s

anatomicalMRI (vikMRMLScalarvolumeHMode1 )

a n ato m | C al M R I D%nammcal_languageﬂdRl_regish-aﬁunTmnsfurm (

languagef]| eHode2 )
el (vtkMRMLModelNoded)

— an ato m |Ca| M R I_atl as_ = icalMRI_atlas_registrationTransform (vikl L~ ™

—atlasMRI (vikMRMLScalarVolumeHode4)

= Y

|—optic_tract_L.vtk {vikMRMLModelNode5)

re g i St rati 0 n —optic_tract_R.vtk {(vtkMRMLModelMode6)

L —superior_temporal_gyrus_ant_L.vitk (vikMRMLM '@' il = atlashtpl
T f t. — th anatomicalMRI (vikMRMLScalarvolumeMode3) hione = ara. MR
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Y e Rl oe CE
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» Inspect the MRML scene

3DSlicer

" _ 3D slicer Version 3.3 Alpha —

File  Edit  View Window Help  Feedback

Delete the iE — - EPEE - @@
duplicate B |

. = Help & Ackneuledasment
al l a O I I l I Ca ~ Displapd Modify Scene

MR Tree x

aflasnpl affas e

aflasntpl

anat...RI = anat...RI anat.. Rl

: Scene
n O e y rI g - anatomicalMRI (vikMRMLScalarvolumeHMode1 )
-anatomicalMRI_atlas_registrationTransform (vikk
r—atlasMRI {vikMRMLScalarvolumeHMode4)
(13 D I 1N
elete Node
= Manipulate Slice Uisws

anatomical_languagefMRI_registrationTransform (
I . k . languagefMRI (vikMRMLScalarVolumeHode2)
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4 =

Delete tode [%)
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9 % G Q @ @ Q S ) <> 3 4 X 3D slicer Version 3.3 A BU hﬂ@ 2050?32?’03
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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

File  Edit  View Window Help  Feedback

|§| @ Wodules: Dt

LEE - (2] 6] (A =] (6] 6 F ([# 2] @6 6] [0

9 iDSlicer

¥ Help & Acknowledgement

. Displapie Modify Scene

MR Tree

= Y

Scene
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)

tumourModel (vtkMRMLModelNoded)
-anatomicalMRI_atlas_registrationTransform (vikk L7 >
r—atlasMRI {vikMRMLScalarvolumeHMode4)
|—optic_tract_L.vtk (vikMRMLModelNodes)
|—optic_tract_R.vik (vtkMRMLModelHode6)
L—superior_temporal_gyrus_ant_L.vik (vikMRMLM

aflasntpl

aflasnpl affas e

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

HRHL hlods Inspector
D,

Hame:

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

oo BEE- e
L .-
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¥ | 100
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9 % G Q @ Q 3 o B 2 @ dpace@localhost:~ - Shell [ PNG Image - 1280x800 P o, ;ﬂ@ szuzn=dla1y

3 4 X 3D slicer Version 3.3 A 2008-06-08
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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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s Inspect the entire scene so far

3DSlicer

Set the -

foreground to .
EIE] o & ek HEEEEENEE G EE (o
languagefMRI .

.@ iDSlicer

¥ Help & Acknowledgement

-
* Display e Modify Scene
Click on the
Scene
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
F O re ro u n d anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)

tumourModel (vtkMRMLModelNoded)

= Y

-anatomicalMRI_atlas_registrationTransform (vtkk

I aye r b u tto n to |—atiasMRI (vikMRMLScalarVolumeHode)
|—optic_tract_L.vtk (vikMRMLModelNode5)
|—optic_tract_R.vik (vtkMRMLModelNodeg)
S h OW th e L —superior_temporal_gyrus_ant_L.vitk (vikMRMLM
MRML Mode Inspector
language fMRI :
guag

data E@EIEEER

= Manipulate 30 View

fL e EE B
. L
EREEIEIT DR

Slice through the
Image volume to
get a good view

a
E &
aaithl = lang. MRl
jone

=1 IE] anat...RI

— — P 2 & dpace@localhost:~ - Shel fig PNG Image - 1280x800 P - 22:13
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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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£ Diffusion Tensor Imaging (DTI)

Diffusion Sensitizing Diffusion Weighted
Gradients Images
o O ' F G

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

Courtesy S. Puijol
and R. Gollub -92-



‘£ Diffusion Tensor Imaging (DTI)

”
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
S SR

-----------
0 LR CHE I RO BRI =S - b » a4 = . TS
£ sl
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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
scene

. J precomputed MRML
scene

-95-



,/.

3DSlicer

Open the
DICOM DWI
Loader module:

Modules ->
Converters ->
Dicom DWI
Loader

® Load the DWI data

- Al Mockies sDslicer Version 3:

=T =N

Daia
e 0=
Fidugials
Miodels
Rl
# SlicerWeloome
Slizes
~ Weloome & Aboun Trarsicms
T

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 zoligaes

approved by the Focdand Dn. | Garwerters

Develeper Tog Greate & DIGOM Series

— Dicom leﬁader
Dicom 1o M

Hint: 1o cpenany imfomatc o

Dortt show this modde on stariup. e
Fython Corrvert Yolume 1o NUMPY File
~ Overdiew Fython Create Singe 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

Siliieas = 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

Jareil HEE

B osicer '
Create anew &
CommandLine S 1 ——
Module g

]2
Click on the
folder icon to T
set the DICOM S L
directory
] [ & 2]
‘| @ @[l [2]
| [l =]k
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Load the DWI data

3DSlicer

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

He Eit Vew Wniw Hep Feadhack

3D slicer Version 3.4

@ 3DSlicer
/

B & e | oo | [ ] 7 @ oo B 0] (@ B @) @ ) (@) 2] @) [©] 2

¥k

7 Helpddcknosledgement
“ DicomD¥ Loekr
Perameter set
“Ic
Defait Cacel lﬂ
= Waripuate Sice\Viess

Er T =

Select Directory

< 1=

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

C o || oms |

|

L

AN

-08-



3DSlicer

Set the
dwilmage to
“Create New
Diffusion
Weighted
Volume”

Click “Apply”

This step may
take a few
minutes. Wait
until Status says
“Completed”

Load the DWI data

=

3D slicel r Ve ﬁiun.:l 4

HEIE

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

" HepdAcknowedgement
“ Dicom DV Loader

Defait

= Meripate Sice Viess

EEmplElEEREE

“ Weriputale3DVien

ks -

EBlkd
=
“lEE
I

MEEE

Parameterset| r :

Stas Corpleted

B ) (&) (&) @) [ [F] (=) 2 @) [ 0] & ¢ & [
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y Load the DWI data

3DSlicer

EEEE ~—

Select the .
Volumes Module | e

sssssssssssssssss

Close “Display” =

tab and expand
“Info” tab. < 2

/

=
[@|[=]~]

456

Select “Center

V0|ume” E OO EEEEEE
(] ) ) (2]
Nol=loa sz
= @] ]

Dicom W Icadar oh

e [ | — = et ==
Hore 2 [ s roct. vk 2 =]

[Sl[>][~]

= e

E [r——

[@][>][=]

OseTaacs 8y - HE
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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
volumes using
manual
transform
followed by
affine registration

eeeeeeeeeeeeeeeee

sssssssssssssssss

''''''

, ] ey
| B g E ) =
o ]

1 01 = @ -

B = = [ coomo v — | =
= ek oo otms = [——— =

[®][>][=] o

seTaecsyY o HE

g |@o. | [O. [&.. ]
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Load the DWI data

3DSlicer

Turn the V|S|b|I|ty T

Help Fesdback

models in the
scene (tumour, =
left and right . S

5 (VU(MRMLMDdeINDde4\
CH-anatomicalMRI  Cuthode onTransform (vikk

optic tracts, and ‘ T o, S
|—optic_tract R Deleferiode ModelNode6)

left anterior

superior

superior_temporal_gyrus_ant_L.vtk {vtkMR
hanipulade Slice Views

temporal gyrus) oo es
by right-clicking =

" Lmé; %@z LZW
and selecting D .

Toggle visibility

22:23

‘Toggle
— - 2 @ dpace@localhost:~ - She!l [ig PNG Image - 1280x800 P -
9 % @ Q @ 6\ Q <> 3 4 X 3D slicer Version 3.3 A BU hﬂ@ 2050?3:?’03

Visibility”
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» Inspect the DWI data

3DSlicer

Open the
Volumes
module

Open the
Display pane

=i =l

Set the active J o (= e SIS
volume to the
DTI volume

“ Manipulasa Slica Vi

(] i (] [ ) ]

Manipulate 30 Vi

-103-



3DSlicer

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

Set the
background to
DTI

Click on the
Background
layer button

Click on the “fit
to window”
button

£ Inspect the DWI data

ccccc

mmmmm

B @] (2] =
D = =]
con

OseTaas S - HE

L. [@o..|wT.|[O. |[&..] Q@) 3:50FM
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» Inspect the DWI data

3DSlicer

Scroll through
the 36 volumes
In the set:

-0 to 4 are
baseline
Images

-5 to 35 are
diffusion
weighted
Images

2
[@][>][=]

@) 3:50PM
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£ Inspect the DWI data

3DSlicer

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

Imaga Dimsnsiond
“ Manipulaia Sica Viaws

=l &=
- Manipulata 30 Wiaw

(& [ [l (2] ) fmr

the gradients -k 2
used to acquire GFeTessSc E i liolziie s —
the images
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3DSlicer

Select the
Module
“Diffusion
Imaging ->
Diffusion Tensor
Estimation”

O,

Viaw  Window Coter
o
[ Editer
Fidugiale.

Edie
Modals
7‘5‘ sDSlicer —

Sticarialaama
Sticss

[0, 18234] x 0. 1] Transtorms.
VelumaRandaring

% Volumaz.

wizards
Informatics
Ragiaraticn
Sagmantatin

L Satictios
Gitusion
“ Ditusicn Editr Tractcgrainy
1T
Massuramant  Frama
Filtaring
‘ o O Surtace Models
g i o Batch Procassing
o o T

Gradianis Ditusion Waightad

Enabla Taxtbox

DWMR _gradisnt_0001:= 000
DvMR | gradisnt_000z:= 00 0
D4 MR | aradiant_p0os= 000

» Create the tensors

Filtaring

oAt | bt nhr) [ (25

3D Slicer Version 3.4

ol B & - B (B & @ [$) R

0

Ditusicn Tansor Extimation
Ditusicn Tansor Sealar Massuramants.
on Sochastia Trazography

=

=

Gradiants: VALID

Unda

Tasting [Tanscr Estimation & Giyphs & Tracography Sasding)

~ int

Imaga Dimanziond

~ Manipulata Slica Viaws

El & EE

- Manipulata 30 Wiaw

e H TS X 2 - T
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£ Create the tensors

3DSlicer

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

You would click
HApply” to Compute = Apely Mask 15 Tansar Imaga (2]
the tensors, but will
upload a MRML

scene of
=l [ E E E E (= (=
precomputed
PSLE@HELE
tensors because = =
computing tensors Osevass Mo o = [sulorlails] Q) 3sa

takes a while
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Create the tensors

3DSlicer

Open the Data

module =
G

Select File ->
Import Scene

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

“ Load & Add Seanas O Individus! Dawmsals

Load na soana s asrem)
TR —
[TPR—
(] [EE] a2 sotar s o vtumse
(5] (] e 20 e - s ircery

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

et | EHEE (B0 e
%L =

Scene” will delete
your work so far

Impert Soana...

HseeToces Mo B (a.

|| g ... ” < T... || . ... H [
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3DSlicer

Create the tensors

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

=

Fils  Edic  Wiaw Window Halp  Faadback

Bl @l -~ =

@ 3DSlicer

~ Halp & Acknowladgamant
“ Display & Modity Seana
MRML Traa

El-Scene
|—anatomical-MRI

=) | MRI_reyi:
\—languagejmnlxum
|— FducialList

|— Simple region growing Volume

B DWI_ _regi
]LDicum DWI loader Volume

3D Slicer Version 3.4
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3DSlicer

" _ 3D slicer Version 3.3 Alpha

3 new nodes:

- Baseline Node:
Image without o

diffusion weighting ;==
- Threshold
Mask: mask

excluding the

File  Edit  View Window Help  Feedback

anatomical_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)
tumourModel (vtkMRMLModelNoded)
icalMRI_atlas_registrationTransform (vikk
(—atlasMRI {vtkMRMLScalarVolumeHModed)
(—optic_tract_L.vtk (vikMRMLModelNodeS5)
(—optic_tract_R.vik (vtkMRMLModelMode6)

‘—superior_temporal gyrus_ant L.vitk (vikMRMLM

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

L DiffusionEditor_1._TensorMode (vtkMRMLDiffusi

» Create the tensors

LEIE e (2] 6] (3] B 6] [ F [F] 2] 6] i [of

= x

HEML Hods Inspector

background
- TensorNode =
the tensors HeNDEEE
Set the @
background to

the tensor node

~  nanipulate Slice Uisws

HeBasass e

dpace@localhost:~ - Shell [2 NeurosurgicalPlanningSc

e B2
S ) <> 3 4 3 dpace@localhost:~ - Sl XBD Slicer Version 3.3 A

10:42

ﬂu m@ Monday

2008-06-09
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3DSlicer

" . 3D slicer Version 3.0 X

Open the Fle  Edit  View  Window  Help  Feedback g = |

BIE] - WEEEIW@ DECIEEEEYE
Volumes :

@ 3DSlicer
>
module S—

- Load

(2] select volume File
volume Mame: | Diffusion Editor_1._Tensor

Set the active ———
volume to the

ctive Uolme: | DiffusionEditor_1_Tensoriode

diffusion tensor S i -|2
Belor Suact | Grey =] = = [ wna mn &[] st ang. MR al g Rl [
n O d e Infermolate = ”%‘ Diff..ode — "% @,” - B o

windowtievel [t |2 o .

fl —

& anipulate Slice Views
EEDCDEEE o m—

The fractional =~ -=o=-
anisotropy is o
displayed by

default

: 3 - 2 @ dpace@localhost:~ - © X 3D Slicer Version 3. [ PNG Image - 1280x&0 - 17:50
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View the tensors

3DSlicer

" . 3D slicer Version 3.0 X

E ;et the Fle  Edit  Uiew  Window Help  Feedback

(] [ wotes velumes BREE S:arthmodulgs @l ] T
WI ndOW/LeveI _@ :DSlicer i .

Volme bame: | DiffusionEditor_1,_Tensor
O al I u a a.l l Image ORgin: | From File

Lebel W Sinale File

adjust the

Active Uolme: DiffusionEditor_1._Tensormode

- Display

levels to invert ,

“  Scalar Uis Options
t h - Golor Select: orer =
€ Image SO
windowiLevel | panual 1257 05185

that the tensors ... . .~
will be easier to -

~  nanipulate Slice Uisws

see EEpDEEE

“ manipulate 30 View

-
ang.. HE1 Coronal = lang.. MR
~

Diff..ode
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View the tensors

3DSlicer

Scroll down and
turn the glyphs
on for all three
IEWS

Adjust the scale
factor and the
spacing

" . 3D slicer Version 3.0

File  Edit  View Window Help  Feedback

|§| @ Wodules: Volimes

Em@ﬂﬂmhmodulzs @ 8 +|§|
Y zpsiicer i 3
B
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Colot By Sealar Fractionalanisatropy

Opacity 10

Sealar Rangi: auto

Gluph Display Pr i x 2
g ]
3

leng... kI i oron; i lang... HRI

Diff..ode = jong. =1 i Diff..ode
- - |5

~  nanipulate Slice Uisws
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“ manipulate 30 View
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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

BDeBcsseailne ™

" . 3D slicer Version 3.0 = X

File  Edit  View Window Help e

Hodules: Volumes

E 3DSlicer

Glyphs On Slices Display

visibility red
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“ manipulate 30 View

RPL\;L o> E@ Ic)j
1| Ele] [ [@][®] o e

¥ | 100
v

18:02

X 3D slicer Version 3. fi PNG Image - 1280x8(
@ Desktop - Kongueror

dpace@localhost:~ -
dpace®@localhost:~ -

O &%

2008-06-01

-115-



£ View the tensors

3DSlicer

" . 3D slicer Version 3.0

= X
Kt Edit  Uiew Window Help  Fesdback
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“ manipulate 30 View
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£ View the tensors

3DSlicer

" . 3D slicer Version 3.0

File  Edit  View Window Help  Feedback

Change the T
Glyph Type back &

Glyphs On Slices Display
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“ manipulate 30 View
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A

3DSlicer

Place the tractography seed points

Open the
Fiducials
module

Create a new
Fiducial List

< Fiducisl List

Fils  Edic  Wiaw Window Halp  Faadback

S ——

E 3DSlicer

~ Halp & Acknowladgamant

“ Medity Al Fidugial Lists & Thair Fidugial Points
EEE
6]

Wity & Salazad Fiducial List & I Fidugials

- -
" e o

Craata Naw FiducialList

FidugialLi @ FidusialList

3D Slicer Version 3.4

M EE - B e = £ E=| B e E ¢ i

Fropartiss. ..

Cthar List Display

= Add & Modity Individual Fiducials

E| FiducialList-P
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3DSlicer

Expand “Other
Display List
Properties.”

Set the glyph
type to
Sphere3D

iaw  Window  Halp  Feadback

MrE

Spacular; o
o ‘

“ Add & Modify Individual Fidugials
L] fhame [ v

[ R Fiduciallist-P -36.241100 46.91438

~ Manipulata Slica Viaws

3D Slicer Version 3.4
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A

3DSlicer

Place the tractography seed points

Set the mouse
mode to
“place items”

- 3D slicer Version 3.4 [EEE
Fils Bt Wisw Window Help  Faadsack

(] Bl - — MMEE - B EE S o CEI
Esz-sticer i
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Click to place
one fiducial
point in the
corpus
callosum

Set the mouse
mode to
“transform
view”

Help & Acknowladgamant

\\\\\\\\\\\\\\\

e

Displary Propartias

3
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A

Perform tractography (fiber tracking)

3DSlicer

Open the
tractography
“Fiducial
Seeding”
module

Fils  Edic  Wiaw  Wind
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E 3DSlicer
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* Modity AN Fidugial Lists &
T [TE T
Hes

* Modity & Saladtad Fidugial

Fiducisl List

Modity List

Cthar List Display Propa

= Add & Modity Indiidd1

T e |
[#]| -pPs

Al Modulas. -

Coler
Cam

Editer

Fiducials

Madals

ROl
Stioarwalooma
Stioas

Transtcrms
Vciuma Randaring

Wolumas

Wizande
Intormaties

=lals]

3D Slicer Version 3.4
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3DSlicer

3D Slicer Version 3.4

— DTI volume =
Diffusion Tensor
Estimation
Volume

Salact DTI Wolums: | DitusionEditor_1 ._TansarModa

Salact FiduaialList or Modsl | nens

Ougut FibarBundlaboda:

— Fiducial list =
FiducialList2

— Qutput
FiberBundle
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3DSlicer

Open the
Volumes
module

Turn the glyphs
off for all three
views

Click on the
“visibility”
button to turn
off the slice
visibility

~ Manipulata Slica Viaw:

fe

- Manipulata 0 ¥

| EEEE
S| (Gl )0
L el el
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OseTaas 8o
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3DSlicer

Perform tractography (fiber tracking)

One tract is
generated for
each fiducial

The tract colour
IS the fractional
anisotrophy by
default.

Click and drag
the pink sphere
In 3D view to
Interactively
select tracts.

iiiiii

~ Manipulata Slica Viaw:

fe

Manipulata 30 ¥

- =

e | EEREE] e
-

3D Slicer Version 3.4
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OseoTcecs B . eu]o o o]
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y Perform tractography (fiber tracking)

3DSlicer

- 3D Slicer Version 3.4 ==
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Import the anatomical-DTI registration
" transform

3DSlicer

" . 3D slicer Version 3.0 = X

jow  Help  Fedback

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

Select File ->
Import Scene

Close Scene Cirk
it
=D
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Tent Scale: +.5 Symbol Scale: 1
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3DSlicer

- Import the anatomical-DTI
transform

registration

Select
“anatomical
MRI Registered

X 3D slicer Version 3.0

File  Edit  View Window Help  Feedback
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» Inspect the MRML scene

3DSlicer

Open the Data e .

m d I File  Edit  View Window  Help  Fesdback
O u e rS
Modules: Dot E EEI E search modules
.
v

Inspect the atlas
MRML scene - 3 | o e
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3DSlicer

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

" . 3D slicer Version 3.0

File  Edit  View Window Help  Feedback

Wodules: Dt

iDSlicer

ARER DEHE

»
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¥ Help & Acknowledgement

. Displapie Modify Scene

X

MR Tree
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» Inspect the MRML scene
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3DSlicer

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

3D Slicer Version 3.0

File  Edit  View Window Help  Feedback

] Hodules: D

¥ Help & Acknowledgement

. Displapie Modify Scene
MR Tree x

(—atlasMRI {vtkMRMLScalarVolumeHModed)
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“ manipulate 30 View
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3DSlicer

Drag the three
diffusion editor
nodes, the
fiducial list
used to seed
the
tractography
and the fiber
bundle node
under the
“anatomicalMR
| DTI
registration”
Transform

» Inspect the MRML scene

" . 3D slicer Version 3.0 = X

File  Edit  View Window Help  Feedback
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“ Displayie Modify Scene
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3DSlicer

Set the

foreground to the

baseline DTI
node and the
background to
anatomicalMRI

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

y Inspect the anatomical MRI-DTI registration

" . 3D slicer Version 3.0 = X

File  Edit  View Window Help  Feedback

Wodules: Dt
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MR Tree
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3DSlicer

Inspect the anatomical MRI-DTI registration

Set the
foreground to the
tensor node and
the background
to

anatomicalMRI

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
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3DSlicer

Set the
foreground to
languagefMRI

Click on the
“visibility” button

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

s Inspect the entire scene so far

" _ 3D slicer Version 3.3 Alpha —

File  Edit  View Window Help  Feedback

Wodules: Dt

.@ iDSlicer
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3DSlicer

Slice through
the image
volume to get a
good view

File  Edit  View

Wodules: Dt

" _ 3D slicer Version 3.3 Alpha

window  Help  Feedback

m iDSlicer

-

¥ Help & Acknowledgement

. Displapie Modify Scene

MR Tree

B Scene
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“ manipulate 30 View
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s Inspect the entire scene so far
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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”

s Inspect the entire scene so far

" _ 3D slicer Version 3.3 Alpha

File  Edit  View Window Help  Feedback
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3DSlicer

The scene now
contains
anatomical MR
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
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@ iDSlicer

window  Help  Feedback

Hodules: D
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. Displapie Modify Scene

MR Tree
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“ manipulate 30 View
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£ Overview

3DSlicer

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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Plan annotation

-
3DSlicer

* 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

File  Edit  View Window Help  Feedback
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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

Annotate the plan

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

" . 3D slicer Version 3.0
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3DSlicer

Annotate the plan

Set the mouse

mode to
“place items”

" . 3D slicer Version 3.0

= X
Kt Edit  Uiew Window Help  Fesdback
|§| @ Hodules: Fiducials
‘hl iDSlicer
¥ Help & Acknowledgement
. Display
Fiducial List Selech: Fiducial List2 al
Test Scale: 45 symbol Scale: 10
E‘ Opiy: 1
setColor ||| Set Selected Golor [
SetolpohType | spherest
leng... kI lang...HRI lang... HRI =
anad...MRI anad...MRI anat.. MRl =

~  nanipulate Slice Uisws

(=] & (A [

“ manipulate 30 View

e EEE e w
L
L\T mfe] = [E&]

¥ | 100
v

= - 2 @ dpace pst:~ - S| 2 NeurosurgicalPlanningSc = 22:59
9 % @ Q @ Q S > 3 4 X 3D slicer Version 3.0 O B s

~J NeurosurgicalPlannings 2008-06-01

-146-



3DSlicer

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

» Annotate the plan
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3DSlicer

Double-click on
the name of the
fiducial and
change it to
“entryPoint”

» Annotate the plan
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» Annotate the plan

3DSlicer
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» Annotate the plan

3DSlicer
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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

3D Slicer Version 3.0
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Inspect the final scene

3DSlicer

" . 3D slicer Version 3.0
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3DSlicer

' . 3D Slicer Versio, 3.0
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Save the scene

e

3DSlicer
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& Overview

”
3DSlicer

* 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 MRI — brain structure models
— functional MRI from a registered atlas
— amodel 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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For more information...

3DSlicer

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...

3DSlicer

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...

3DSlicer

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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