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Learning objectives
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 for
Image guided
neurosurgery
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Material

3DSlicer

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

* Slicer3 software 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

& Prerequisites

3DSlicer

* Data Loading and Visualization in Slicer3:

Fle Edt View Wndow Help Feedback
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~ Help & Acknowledgement
* Display & Modiy Scene
MRMIL Tree

BScene
001 dem (MKMRMLScalaiValumeNade1)
{—spgr ahdl (kMRMLScalarvolumeNode?)
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el nhdr (AKMRMLS calarVolumeNodes3)
- Skinvik (AkMRMLModelNodes)
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MRML Node Inspector x
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Name

* Scene Snapshots

Create Scene Snapshot

Scene Snapsho: MySceneSnapshot2 :_

* Manipulate Sice Views

HEE

* Manipulate 30 View
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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 =

t e FEER R E

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

s
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



74 -.-'i}
= n
Ll

,

& The goal of neurosurgical planning

3DSlicer

* Prior to surgery:

— Integrate image
iInformation 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

* 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

SPGR MRI Language
(anatomical) fMRI

Diffusion
Weighted
Images

-11-
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3DSlicer

Overview

1. Loading and visualizing anatomical MRI
data

2. Incorporating fMRI data using image registration
and thresholding

3 Creating a 3D model of the tumour volume

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

5. Incorporating brain fiber tractography from
diffusion weighted images

6. 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-



y 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”

-’

3D Slicer Version 3.4

[SEE

Eils  Edit  Miaw Window Help  Feadback

B E - -
@ 3DSlicer

= Halp & Asknowladgamant
= Dicplay & Modity Seana
MRML Traa

L_Scene

Digplay MRML 1D

MRML Moda Inspacter
“ Load & Add Saanaz Or Individual Datasals

Lead naw soana (doca aumant)

PO —

£dd dara or a data diraccry

£dd caslar and tansor volumas

£dd 30 modal e 3 modal diracory

£dd caslar ovarlay

“ Manipulata Slioa Viaws

== @

“ Manipulats 30 Viaw

Add veluma

A

o NN =]

Add Volume

=

El=Y j 000058.IMA 524 KB
I3 backup 000059.IMA 524 KB Thu May 22 10:1
2 bin D00DED.IMA 524 KB Thu May 22 10:1
&= boot D00DET.IMA 524 KB Thu May 22 10:15:
& dev 000062.1MA 524 KB Thu May 22 10:15:24
D et 000063.IMA 524 KB Thu May 22 10:15:24
=) home 000064.1MA 524 KB Thu May 22 10:15:24
=2 homez 000065.IMA 524 KB Thu May 22 10:15:24
&2 thn DODDEE.IMA 524 KB Thu May 22 10:15:24
= lab 000067.1MA 524 KB Thu May 22 10:15:24
=™ 00006B.IMA 524 KB Thu May 22 10:15:24
=) lost=found 000069.1MA 524 KB Thu May 22 10:15:24
B & media 000070.IMA 524 KB Thu May 22 10:15:24
) BACHexport 000071.1MA 524 KB Thu May 22 10:15:24
= backup 000072.1MA 524 KB Thu May 22 10:15:24
= disk 000073.1MA 524 KB Thu May 22 10:15:24
O disk-1 000074.1MA 524 KB Thu May 22 10:15:24
o disk-2 000075.1MA 524 KB Thu May 22 1
Dext 000076.1MA 524 KB Thu May 22 10:15:24
= thumb 000077.1MA 524 KB Thu May 22 10:15:24
B & xfer 1 000078.1MA 524 KB Thu May 22 10:15:24
=) backup_LAURA 000079.IMA 524 KB Thu May 2Z 10:15:24
B O IGT_ tut 000080.1MA 524 KB Thu May 22 10:15:24
a 000081.IMA 524 KB Thu May 22 10:15:24
&2 Images 000082.1MA 524 KB Thu May 22 10:15:24
B (&) patient_dataset ’ 000083.1MA 524 KB Thu May 22 10:15:24
=) 3D_SPGR 000084.1MA 524 KB Thu May 22 10:15:24
= DTI 000085.IMA 524 KB  Thu May 22 10:15:24
000086.IMA 524 KB Thu May 22 10:15:24
() language_FMRI | || 0000B7.1MA 524 KB Thu May 22 10:15:24
& SPL_PNL_Brain_Atlas 000088.1MA 524 KB Thu May 22 10:15:24
= Images_aaura 000089.1MA 524 KB Thu May 22 10:15:24
= misc 000090.1MA 524 KB Thu May 22 10:15:24
=2 mnt 000091.IMA 524 KB Thu May 22 10:15:24
2 opt 000092.1MA 524 KB Thu May 22 10:15:24
& proc 000D93.1MA 524 KB Thu May 22 10:15:24
= vant # || 000094.1MA 524 KB Thu Mav 22 10:15:24
e =
Fatn g Tterial Detaipatian_daiasa a0, e,
“clurma Cpticns
Cantarad lanoes Fills Criantation Label Map

Racsant Volumss:

Patient's Name
Patient ID
Modality
Study Date

Study Descripti...

Institution Name
Series Humber
Series DescHpt...
Group Length
File Meta Infor-..
Media Storage ...
Media Storage ...
Transfer Synta...

[vae A0

HNot Avail J -~
Mot Awailable
MR

Mot Awvailable
Not Awailable
Not Available

15

AX FSPGR 3D
202

AAE=
1.2.840.10008.5.
1.2.840.113619..
1.2.840.10008.1 . /

e

Singla Fila

Hama: [ooors

Spplty| | Canoal

R Y Y

HE (@i @0

[« me|[Dmn

Q) 12:22pPm

-16-




-

R

» Load the anatomical MRI data

3DSlicer

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

parameters.
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Load the anatomical MRI data

3DSlicer
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& Load the anatomical MRI data

Click on the
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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

¥ Halp & Acknowladgament
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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 = x

File  Edit  View Window Help  Fesdback
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(4] ][5 @] e 3
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3DSlicer

Overview

1.

2.

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

-23-



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

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

— This statistical pre-processing
has already been done using

SPM

3DSlicer

_o| IR vy RSEREET| o ssgma | oo snsiomiesst | _or| [iCaanin| so [nutmmiemT|
| O v | P o | I | | R o | e
A s s

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)

-25-



£ 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 find regions with
high activation




» Load the language fMRI data

3DSlicer

Eile  Edit  Wiew Window Halp  Fesdback
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Q) 11:33 am
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3DSlicer

the language fMRI data

Click on the
first .ndr image
In the Analyze
folder within the
language FMRI
folder of the
patient dataset,

Click on “Apply”
Set name to

“languagefMRI”
In Data module

-

Fila  Edit  View Window Halp  Faadback
L —

@ 3DSlicer
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“~ Disglay & Modify Soana
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3D Slicer Version 3.4

SIEYET

; e Y A PSS N )

]
o
o
=

) BACHexport

Add Volume

NI Hame N -lx [ DICOM Infermaticn
j language_FMRIx001 .hdr 1 KB Thu May Farza Dirazony
backup .img
bin ’ &
boot i
dev
etc N
home — 4.hdr 1 KB Thu May
homez language_FMRIz004.img 768 KB Thu May
ihn language_FMRIx005.hdr 1 KB Thu May
lab language_FMRIz005.img 768 KB Thu May
lib language FMRIx006.hdr 1 KB Thu May
lost+found language FMRIX006.img 768 KB Thu May
media language_FMRIz007 .hdr 1 KB Thu May
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: I3 disk-1 language FMRIx009.hdr 1 KB Thu May
= 1) disk-2 language_FMRIx009.img 768 KB Thu May) I\I i
Hame: & ext language_FMRIx010.hdr 1 KB Thu May
I3 thumb language_FMRIx010.img 768 KB  Thu May)
* Load B Add Seanas Or Individusl Catasats B [ xfer language_FMRIx011.hdr 1 KB Thu May
I3 backup_LAURA language FMRIx011.img 768 KB Thu May Hono =
Load naw scana (dosa curant) B O IGT i language_FMRIx012.hdr 1 KB Thu May e =
B ) Neu yical Flanning T  FMRIx01Z.img 768 KB Thu May
Add 3 z0ana [t ourmant) =) images language_FMRIx013.hdr 1 KB Thu May
B [ patient_dataset language_FMRIz013.img 768 KB Thu May
Add data or a data dirsctery =) 3D_SPGR language_FMRIx014.hdr 1 KB Thu May
> DTI_ = language_FMRIz014.imy 768 KB  Thu May
Add easlar and tanzor wolumas | Files ForPrecompute language_FMRIx015.hdr 1 KB Thu May
B 5 language_FMRI language FMRIx015.imyg 768 KB  Thu May
Add 30 modal or a modal diraciory 1) Analyze language_FMRIx016.hdr 1 KB Thu May
) DICOM language_FMRIz016.imy 768 KB Thu May
- ; i ) SPM_analysis_file language FMRIx017 .hdr 1 KB Thu May
Meniplan Sies ians =) SPL_PNL_Brain_atlas language_FMRIz017.imy 768 KB Thu May
l:l =) images_Jlaura language_FMRIx018.hdr 1 KB Thu May
E—] =) misc - language_FMRIz018.imy 768 KB Thu May
= Wanipulata 20 Vi = ot # || 1anauage PRIz 9.hdr 1 KB Thu May) ¥ |\|
fanipula iaw = ™~ = I
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3DSlicer

Set the
background
volume to
anatomicalMRI

Click on the “fit
to window”

button

Click on

“Center 3D

View” button. 0020 8% @ a0 0o [ Srtee S o
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Load the language fMRI data

3DSlicer

Set
anatomicalMRI
to background
and
languagefMRI
to foreground

7
i
A

\\\\\\\

Scale the
opacities to see  msurep
both the
foreground and
background PedcssEcdbe
layers

-RP 5 LR [EE B e
e @[] 2.
¥ 100
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Load the language fMRI data

3DSlicer

" . 3D slicer Version 3.0

o x
File  Edit  Miew  Window  Help  Feedback
Modules: Volumes E lz‘ EI E search modules @ 3 +
<
:
{i\ iDSlicer
= 4
¥ Help & Acknowledgement
- Load
(2] select volume File
volume Mame: lanauagefiRl
Note that the - -
Label Map Single File
- Apply
I m ag e Active Uolume: languagefhRl
~ Display
volumes are
B ".‘ lang... MRI =
not aligned L r—

~  nanipulate Slice Uisws

E@EDEEER

“ manipulate 30 View

o BEE-®
REGIEICOEE T

#od | 100
&

—
]
- Kongueror 15:52

ﬂu m@ Saturday

2008-05-31

2 = dpage®localhost:~ - Sh

HeBGsssEadi

X 3D slicer Version 3.0
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The anatomical MRI and functional
MRI image volumes are not aligned

The anatomical MRI and functional
MRI image volumes overlap

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

* Steps Iinvolved in image registration:

|

Initial manual transformation }

|

Automatic affine
registration

X

An affine transformation estimates
the rotation, translation, scale and
shear needed to align the moving
Image with the fixed image

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

3DSlicer

3D Slicer Version 3.0 LI - = X

I,] File  Edit  View Window Hep  F Color
pe e in

E Wl vol - Editer

Fiducials

T ra n Sfo r m S @ 3DSlicer EE:EE:‘;‘:““”“F”“' .

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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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

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

a0... | 0.000...
s .. | 0.000...
0.000... | 0.000... | 1.000... | 0.000...
0.000... | 0.000... | 0.000... | 1.000...

Trenslafion

Rofefion

~  nanipulate Slice Uisws

(=1 /i [ B
. nanipulate 30 View

po®

< J= Cif
i | L
¥ | 100

Create 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

-35-



3DSlicer

Open the Data
module

Change the
name of the
transform to
“anatomical_

languagefMRI_ | o=

PO —

registration s

Transformn }éﬂ*&w

| EEE R e
| iRl e =

ﬁ?%@@ﬁb\% = E_ |"” ['”"'THEI ”Q" Q) zospm

-36-



Drag the

languagefMRI
node under the ¢
transform node

Now any
changes to the
transform node
are applied to
the language

Initial manual transformation

st o 1 mane

s o o clonccry

PUF—

T ——
o

= Manipula Sics Views
- | B
~ Manipulats 30 View

Lt |[EHEE R e
N =
M B 3|3 Y A

fMRI image
volume

OseTaacs o

E_ |H\”[I”UTHE ||®|‘ Q) za1em
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3DSlicer

Open the
Transforms
module

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

¥ Help & Acknowledgement
uuuuuuuuuuuuu x
rrrrrrrrrr X
ransform anadomice s|_languagetiRLregishafionTransto m =
1.000... | 0.000... | 0.000... | 120.0...
0.000... | 1.000... | 0.000... | -100.0...
0.000... .000... | 1.000... | 0.000...
0.000 LA00... | 1.000...
nnnnnnnn
nnnnnn
& Menipulste Slice Uisws
] =
[EEE
= nanipulate 30 View

(=7

NP [ e
4L
¥ | 100

y [ y - 2 @ dpace@localhost:~ - She - 18:13
9 % G Q @ Q =3 <> 3 4 X 3D slicer Version 3.0 BU hm@ zgzgu-rodsa-;l
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3DSlicer

This initial

" . 3D slicer Version 3.3 Alpha

transformation ¥ i e

- W " s | e
matrix “pushes” the T
languagefMRI

Image into rough
alignment with
anatomical MRI
image.

Rrotadion

Idenfity

~  nanipulate Slice Uisws

Next, automatic
affine registration e

will closely fitthe ‘=B85 ==
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

Open the
' s [ =

Affine

Registration - e )

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 reaistratic
" 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]

affine registration

HeeHaeasda

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

lang...MRI

anat...hRI

2 NeurosurgicalPlanningSc

» Automatic affine registration

lang...mRI

anat.. Rl

21:31

BU m@ Sunday

2008-06-08
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Automatic affine registration

3DSlicer

" . 3D slicer Version 3.3 Alpha = b

View  Window  Help  Fesdback

: Bl vow [ e | [ E @ B E K
Note that the Affine :

registration module
supports multiple
sets of parameters ==
for repeated use.
To create a new
set, select:

nnnnnnnnnnnnnn

~  nanipulate 5

“Create new e
CommandLineMod ~====

: < [ o e
SE
ule” Rl ORE ==
¥ 100
Create Mew Command Line iodule e‘
. | Y - 2 @ dpace@localhost:~ - Shel| [ NeurosurgicalPlanningSc = 21:31
9 % G < ® (SWS S T X 3D slicer Version 3.3 A O we e
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3DSlicer

— Initial transform =
anatomical language
fMRI_registration
Transform

— Output transform =
anatomical language
fMRI_registration
Transform

— Fixed Image =
anatomicalMRI

— Moving Image =
languagefMRI

— Output Volume =
Create New Volume

Click “Apply”

" . 3D slicer Version 3.3 Alpha = b

File  Edit  View  Window Help  Feedback

Hodules: Affine registration

:@ 3DSlicer

18 (&) (4] =] (6] B (7] (@] (] (8] [O][C]|[| & ¥ [of

[4] DI [ e

“ registrafion Parameters

tfogrem Eil ¥

il Samph 5
Iterations | 2000

Translation scali L

quage T =
Duiput Uslume registafion Volums
>
e o

~  nanipulate Slice Uisws

EEpEEEE EE
. nanipulate 30 View

po®

< B[] B o @
. L
LN -
¥ 100
| Qo
‘ P :~ - She cl _ :
. 2 @ dpace@localhost: She!! [ NeurosurgicalPlanningSc - 21:32
9 % G Q @ @ Q =» < 3 4 X 3D slicer Version 3.3 & ﬂu hﬂ@ 2008-06-08
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3DSlicer

" . 3D slicer Version 3.3 Alpha

Fie  Edit  Disw  Wndow  Help  Feedback
Set th e Wadules: Affine registation E lz‘ EI searth modles @ $

ﬁ?‘ iDSlicer
foreground to -

|a| |g Uag EfM RI * mein et
Spafial Samples | 10000
an d th e o
Translation scaling | 100
s 2|
b ac kg roun d to -

Qutput bansform | anatomical_lanauasefin AL resgistrafionTransform

anatomicalMRI o

language iRl

Stafus Compled

Histogram Bins | 50

Quiput Bolume | ffine registrafion Uolume1

Click on the “fit

E@2EEE

to window”

.P'SL < @J= Il
button MK =it 2 ] = 2 A

o
. — :~ - She c _ E

. 2 dpace@localhost: She!! [ NeurosurgicalPlanningSc - 21:37

9 % G 8@ 9 > '3 2 X 3DSlicerversion3.3 A O SIS s

2008-06-08
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Automatic affine registration

3DSlicer

" . 3D slicer Version 3.3 Alpha

The transform
now sets the
moving image
(languagefMRY) in
alignment with the
fixed image ST
(anatomical MRI)

~  nanipulate i

(=7

[k 'L\’n E@ o
4L
RN EE I DA i =
¥ | 100

L2
4 | N P - 2 dpace@localhost:~ - Shell [ Neurosur gicalPlanningSc = 21:38
9 % G Q @ Q =3 <> 3 4 X 3D slicer Version 3.3 A BU hﬂ@' 2050?32?’03
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» Automatic affine registration

3DSlicer

" . 3D slicer Version 3.3 Alpha

x
File  Edit  View  Window Help  Feedback
.
( I I( :k on th e o e— [ 5] (™ [ oo 3
g .
transform node &
* Help & Acknovledaement
to see that the ;
Transform Editr X
. Trensform bode: anadomicel_larauagethtRLregishationTranstom =
I I latrlx haS 1.133... | -00025... | -0.025... | 148.2...
-0.075... | 1.192... | -0.005... | -134.0...
-0.043... | -0.085... | 1.419... | 4.472...
chan g ed o000, oooo.. | 4000 | 1000,
Translafion X
LR 14525 leng.. R lang..MRI = lang...mR1 =
anat...RI anat...hRI anat.. Rl =
Pa, -13409
15 4472
Rotafion x

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View

% @ i .‘. -j i - 2 @ dpace@localhost:~ - She!l [ NeurosurgicalPlanningSc 21:38
9 = 5 é A .- :> 3 4 BU “m 3 Sunday

X 3D slicer Version 3.3 A 2008-06-08
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Automatic affine registration

3DSlicer

Open the Data
module

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

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

@ Wordules Dt

@ 3DSlicer

¥ Help & Acknowledgement

. Displapie Modify Scene

MR Tree

Scene
anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomi — 5 m (
anguagefMRI (vikMRMLScalarVolumeHode:
Affine registration Volumel (vtkMRMLScalarvolun

HRHL blods Inspector
D, HkhRN L ScalarUolumehiode

Hame: lenguags fiiRI

~  nanipulate Slice Uisws

E@EDEEER

= Manipulate 30 View

B < [BE B0 e
4L
S i ] s CE
¥ | 100

HeBsass e

A - 2 dpace@localhost:~ - Shell 2 NeurosurgicalPlanningSc - 21:39
-3 > '3 2 X 3DSlicerversion3.3 A O ss e
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Automatic affine registration

3DSlicer

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

Click on the “fit to
window” button

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

Wordules Dt E m E| search mochles @ ] i i

@ 3DSlicer

¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree

B Scene

r—anatomicalMRI {vikMRMLScalarvolumeHMode1)
(—languagefMRI (vtkMRMLScalarYolumeNode?)
r—anatomical_languagefMRI_registrationTransform (
L—Affine registration Volumel (vtkMRMLScalarVolun

HRHL blods Inspector
D, HkhRN L ScalarUolumehiode

Hame: lenguags fiiRI

[ o0 EEE-®
. L
I e e e B

¥ | 100
#

; 2 . - 2 dpace@localhost:~ - Shel! [ NeurosurgicalPlanningSc
DB P M:

X 3D slicer Version 3.3 A

O =%

21:41
Sunday
2008-06-08
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3DSlicer

Scale the
opacities to see
that the images
are aligned

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

&~ Automatic affine registration

" . 3D slicer Version 3.3 Alpha

mmmmmmm

X

r—anatomicalMRI {vikMRMLScalarvolumeHMode1)
(—languagefMRI (vtkMRMLScalarYolumeNode?)
r—anatomical_languagefMRI_registrationTransform (
L—Affine registration Volumel (vtkMRMLScalarVolun

Select orientufion

uuuuuuuuuuuuuuuuuuuuu

Mame: | languageftRl
& Manipulate Slice Views
EEELHEEE
“  nanipulate 30 View
oo pEEee

[ | B [ ][] o8 - e

¥ 100
i e \ - 7l dpace@localhost:~ - Shell [ Neurosur gicalPlanningSc = 21:41

9 % G Q @ Q =3 <> 3 4 X 3D slicer Version 3.3 A BU hﬂ@' 2050?32?’03
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3DSlicer

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

Automatic affine registration

" . 3D slicer Version 3.3 Alpha = b

File  Edit  View  Window Help  Feedback

E Wordules Dt Emﬁsemhmoﬂﬁln @ i +

@ 3DSlicer

¥ Help & Acknowledgement

. Displapie Modify Scene

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
anatomical_languagefMRI_registrationTransform (

50 To Edifor...

Delete Mode

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

Affi..me 1 = Affi..me Aff.mel

HRHL blods Inspector
D, HkhRN L ScalarUolumehiode

Hame: lenguags fiiRI

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View

[ o0 EEE-®
N L
L EIE T D i =

¥ [ 100
&

Delete tode Q

- 2 dpace@localhost:~ - Shel! [ NeurosurgicalPlanningSc 21:41

9 % G Q @ Q S <> 3 4 X 3D slicer Version 3.3 A BU m@ 2050?32?’03
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3DSlicer

Open the Volumes
module

Set the foreground
to languagefMRl,
and the background
to anatomicalMRI

Click on the “fit to
window” button

Set the active
volume to
languagefMRI

Expand the Display
pane

" . 3D slicer Version 3.3 Alpha

File  Edit  Miew  Window  Help  Feedback
B = ANEEF~ EEE® P
,
“‘ 3DSlicer
gggggggggggggggggggg
Load
(2] select volume File
volime r;

Image Ovigin: | From File

eeeeeeeeeeeeeee

Theeshold: off
“ Manipulate Slice Views

H @ piSuE
. nanipulate 30 View

WL oo EE B
L
RN EE I DA i =
¥ | 100

4 - Y B 2 @ dpace@localhost:~ - Shell [ PNG Image - 1280x800 P - 21:42
9 % @ Q @ Q =8 < 3 4 X 3D slicer Version 3.3 A BU hﬂ@' 20508-36?’08
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- Threshold image intensity

3DSlicer

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

Set the Color to @E ~ = nEEE
FullRainbow -

] (4] (] [$] &

¥ Help & Acknowledgement
- Load
(2] select volume File |

volime heme: lanauegefiia

Image OHgin: | From Flle -~
Label Map sinale File
Apply
Active Uohme: | =

lang... MBI lang...MRI

lang...mRI

Full Rinbow

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

el

Inferpolate T

windowilevel: | aude | [2355 1
1 |
1

Threshold off [o [447s

~  nanipulate Slice Uisws

= & [ EE

“ manipulate 30 View

n O [EF)[E] e o e
L\T mf#] = [

¥ | 100
#

9 % @ Q @ Q 'S < Ei @ dpace@localhost:~ - She!l [ PNG Image - 1280x800 P ﬂﬂ m@ 52uln=::y

X 3D slicer Version 3.3 A 2008-06-08
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3DSlicer

Set the threshold
to Manual and
adjust to
highlight only
high-intensity
regions

Note that there
are speech
activation
regions close to
the tumour

% Threshold image intensity

" . 3D slicer Version 3.3 Alpha

le  Edit wind
[fa] [Ga]| e [ vene LEIE e (2] 6] (A B[] B [ [#] (2] 6] § ¥ [of
.
“‘ 3DSlicer
mmmmmmmmmmmmmmm
...............
active Uolume:
uuuuu )
Color Select:
Int
windowitevel: | sy
nnnnn Wanual

~ Mznipulat lice Views
DEE
. nanipulate 30 View

(=7

o IS o E@ g
4L
ERLEIEICOEEAN =
¥ | 100

y [ \ - 2 dpace@localhost:~ - She!l [l PNG Image - 1280x800 P - 21:44
9 % G Q @ Q =3 <> 3 4 X 3D slicer Version 3.3 A BU hﬂ@' 20508-36?’08
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3DSlicer

Overview

1. Loading and visualizing anatomical MRI data

2. Incorporating fMRI data using image registration
and thresholding

3. Creating a 3D model of the tumour
volume

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

5. Incorporating brain fiber tractography from
diffusion weighted images

6. 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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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 n e Golor Selert FullFsinb o :
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

EEDEEEERE 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 Bk Edt Uew dndw | Coor

lE‘ Hodules: Editor

Fiducials B oni

Gradintanisatropic Flter
Qe Maduls

¥ Help & Acknowledgement Querviatias

module

(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

Create a EI M“ Zm MEEE - 6 © E B S E
new e

~ Modity Al Fiducisl Lists & Thair Fiducial Poins

Fiducial
List

ity & Salacsd Fiducial List & Is Fiducisls
Fiduaial List =l
Crasta Naw FiducialList =

T ===

= Add & Modify Individusl Fiducers

[T hame — — T [V ]

%

Diztanaa.

= Manipula Slics Views

E [ [ [ 3 E E FE = (]

= Manipulam 30 View

| EEE
L EES

Craata Naw FidueialLict

[@

PseTace Mo Ora. oo D=

@) z:asem
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Place the seed point

3DSlicer

Expand “Other
Display List
Properties”

Controls include
fiducial color =

(default: pink), | =56
|
and shape amBomam e
(starburst) :
é?%@?g\(‘)@% o0 Rl er )0 |[®-]
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Place the seed point

3DSlicer

" . 3D slicer Version 3.0

File  Edit  View  Window Help  Feedback

Set the mouse
mode to B

=4

(14 I = 1 - -
place items
e s 1@ [x vl

= i =

Distnce:

lang.. MRI

anat.. Rl

Add Fiducial| | Remove Fiducial| | Remous All Fiducials
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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

File  Edit
lE‘ Wodules: | Fiducials
“‘ 3DSlicer

setGloh voe | shreursizo

e s @ v I

Fiduciallist1-P3 1 M1 | -33.0...  45.5...
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lice Views
(=1 /i [ B

= Manipulate 30 View
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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
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Selectall Fiducials| | Deselect Al Fiducials

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View

[l

e o

e BEE
1w g e -

¥ [ 100
&

HedO=sas e

= X
[DIE e (2] (] [A) 5] (6] B E!EHEER‘Hi
d N’

. leng... kI lang... HRI —

anad...MRI anat.. MRl =

NooE

EX

) NeurosurgicalPlanning 02:28

BU m@ Sunday

2008-06-01

-62-



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‘ Hodules: Fidutials

@ 3DSlicer
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anat... Rl
Add Fiducial| | Remove Fiducial| | Remous All Fiducials
Selectall Fiducials| | Deselect Al Fiducials

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View
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Segment the tumour volume

3DSlicer

Open the
“Segmentation
-> Simple
Region
Growing”
module

Eila  Edit  iew Window Coler
Data

& @ - e

% Fidugiale

Modsle
Y spslicer Rot
- Slisarwalama
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“alumaRandaring
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3D Slicer Version 3.4
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Arbian: o
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Fomar: 1
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- Manipulate Slics Views
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“~ Manipulat 3D View
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3DSlicer

— Parameter set =
Simple region

g rOWi ng Modiles: | Simple region arowing E lz‘ E| s:mhm.;.,‘ @ 7 P i
— # of iterations = 1 E soSlicer ]

— Seeds =
FiducialList1 ‘

— Input Volume = .
anatomicalMRI

— Output Volume =
Create New
Volume

~  nanipulate i

wwwwwwwwwwwwwwwwwww

ulat lice Views
@ [mEEE
i liew

Click “Apply” R—

This step may take a e

feW m i n Utes to ru n ] 9 % G Q @ @ Q ‘ - 2 | dpace@localhost:~ - S| ~ NeurosurgicalPlanning | ﬂ ;HEG' 02:2; |

1 H > QAT 34 . 3D slicer Version 3.0 - ‘ I & ey
Wa”: untll the StatUS X Sunday
says “Completed”
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3DSlicer

Set the
background to
anatomicalMRI

Click on the “fit to
window” button

The tumour is |8 _
segmented by = — - R R e :Ew
the label layer
wes: EEpDEEE

called “Simple

Region growing .58 1 ¥ ar) | 1aeme
Volumel” 1
(shown in Do @@ ho ME Smeckm o Buumsanmy o us

purple)
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3DSlicer

Open the
Model Maker
module

File  Edit  View  Window Help  Feedback

Wadules: Simple region arowing Al Hodules starth madles

4
GColar »

{i\ 3DSlicer Dafe.
m’ Editor
Fiducials
GradientanisotropicFitter
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OpeniGTLink
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3DSlicer

— Parameter set =
Create new
CommandLine
Module

— Input Volume =
Simple region
growing Volumel

— Models = Create
New
ModelHierarchy

— Model Name =
Tumour

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

& Create the tumour model

ers
File  Edit  View  Window Help  Feedback
(B vows | e (] [7] (= [@] e N § i
“
3
‘2‘ 3DSlicer
= 4
¥ Help & Acknowledgement
-
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Create the tumour model

3DSlicer

" . 3D slicer Version 3.0 X

File  Edit  Miew  Window  Help  Fesdback
= 1 ” ——
CIle Apply ] B e T AEEF PR EEE T
{;‘ iDSlicer i

=4

Generate All odels
Labels [255

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

Split Homals [#]
Point Wormals [#]

the status says ...
“Completed”

~  nanipulate Slice Uisws

E@EDEEER

= Manipulate 30 View
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3DSlicer

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

" . 3D slicer Version 3.0

v Create the tumour model

= X
File  Edit  View Window Help  Fesdback
- e [F] |- =l
4
¥
“h iDSlicer
tiodel Prefix [ Tumour
Generate All Models
Labels [255
Stort Label [-1
End Label -1
Joint smoothing
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smooth [ 10 ¥
Filter Ty [W] Sine [] Laplacisn
Dicimate [0.25 [
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Sause Infermediate Hodels = a
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anat.. Rl = anat..RI = . anat... Rl :

Default Apply

~  nanipulate Slice Uisws
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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
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“ Displayie Modify Scene
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Scene

Tui
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» Create the tumour model
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Create the tumour model

3DSlicer

Note that the
model now
appears in the
MRML tree

Change the
name of the
model to
“tumourModel”

" . 3D slicer Version 3.3 Alpha = b

File  Edit  View  Window Help  Feedback
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Scene
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anatomical_languagefMRI_registrationTransform (
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3DSlicer

Open the
Models
module

3D Slicer Version 3.3 Alpha
All ttodiles
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Editor
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» Change the model’s appearance

3DSlicer

" . 3D slicer Version 3.0

= x
SeIeCt the Fle  Edit Uiew  Window Help  Fesdback

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

tu m Ou r @ 3DSlicer
model !
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Madel maker Mode!1 =

% Hodel Maker Model1
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3DSlicer

Set the model’s
opacity to 0.6

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:
ccccccccccccccccc
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Ambient:

& Manipulate Slice Views
EEpEEEE EE
. nanipulate 30 View
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Y model

3DSlicer
ers
C I - k h File  Edit  View  Wind Help  Feedbasck
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clipina
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1. Loading and visualizing anatomical MRI data

2. Incorporating fMRI data using image registration
and thresholding

3. Creating a 3D model of the tumour volume

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

5. Incorporating brain fiber tractography from
diffusion weighted images

6. Annotating the preoperative plan and saving the
scene
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‘£ 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

Vi
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

(] [7] (= [@] e

4
»

Ambient:

sssssss

Note: Make 5 ‘
sure thatyou 9@ 499
select “lImport --
Scene” and not ==

“Load Scene”, SsooEEm

as “Load Scene” - =w

will delete your - R
bedces e o0 o M LIS
WOrk SO fal’ 620 & e *
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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
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@ Insp

3DSlicer

Open the Data
module

Set the
foreground to
atlasMRI and the
background to
anatomicalMRI

Click on the “fit to
window” button

" _ 3D slicer Version 3.3 Alpha
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Inspect the MRML scene

3DSlicer

InspeCt the atlas " . 3D slicer Version 3.3 Alpha = X
MRML scene - 6 E == [DIE e (2] ] (4] @] (6] & 1 @] (] 6] i i [of
new nodes — i
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— atlasMRI = anatomical Zz=me=:
MRI from the atlas DLL

= Y
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Inspect the MRML scene

3DSlicer

Inspect the atlas
MRML scene - 6
new nodes

" . 3D slicer Version 3.3 Alpha
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of the patient’s
anatomical MRI

— anatomicalMRI_atlas
registration
Transformation = the
transformation
between the patient’s
anatomical MRI and
the atlas’s MRI
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3DSlicer

Delete the
duplicate

anatomicalMRI

node by right-
clicking and
selecting
“Delete Node”

» Inspect the MRML scene

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

@ Wordules Dt

@ 3DSlicer

(] [7] (= [@] e

¥ Help & Acknowledgement

. Displapie Modify Scene

MR Tree x

Scene

anatomicalMRI (vikMRMLScalarvolumeHMode1 )
_languagefMRI_registrationTransform (
languagefMRI (vikMRMLScalarVolumeHode2)
tumourModel (vtkMRMLModelNoded)
-anatomicalMRI_atlas_registrationTransform (vikk
r—atlasMRI (vikMRMLScalarvolumeHNode4)
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| i - B

VIKMR o
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Delete Mode

~  nanipulate Slice Uisws
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= Manipulate 30 View

N Qo (=7
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¥ | 100
[
Delete Node e‘
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B : dpace@localhost:~ - Shell [ PNG Image - 1280x800 P | 22:10

-87-



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

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
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D,

Hame:

~  nanipulate Slice Uisws
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“ manipulate 30 View
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9 2 G 8w &9 > 3 4 X3Dslicer Version3.3 A O B8 s

2008-06-08

-88-



i

£ 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
iIdea 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 -

¥ 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 (vikMRMLScalarVolumeHoded)
|—optic_tract_L.vtk (vikMRMLModelNode5)
|—optic_tract_R.vik (vtkMRMLModelNodeB)
S h OW th e L —superior_temporal_gyrus_ant_L.vitk (vikMRMLM
MRML Mode Inspector
language fMRI :
guag

data 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

2008-06-08
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3DSlicer

Overview

1. Loading and visualizing anatomical MRI data

2. Incorporating fMRI data using image registration
and thresholding

3. Creating a 3D model of the tumour volume

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

5. Incorporating brain fiber tractography
from diffusion weighted images

6. 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 Ry

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

Courtesy S. Puijol
and R. Gollub -92-



v 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

TaYah!

I‘*-_d'l :'.':
.M;
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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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74
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

filiiisas = h FUEoses ooy and fes 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
Jareil HEE
7Mm*; D;mfwm o] Lo [ ] e B 23] () (69 (] (B ] (s8] (7] (W) | (I [0 B £ 4 [
B osiicor '
Create anew &
CommandLine S 1 ——
Module g
]2
Click on the
folder icon to e = . E
set the DICOM S s S
directory
(e ] [l (2]
‘| @[5 @] 8]
(] =
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Load the DWI data

3D slicer Version 3.4

3DSlicer

He Eit Vew Wniw Hep Feadhack

(B B e | cmonmer ~| [] [5] (%] [ [ B () () [ (@) [ () (00 ) W | 60 [

Click on the & =
DTI folder S
within the
patient

dataset, then (] [os] [

¥k

i

Select Directory
<3 M 1=
B [ hiliu

() alex_golby_cases

B ) aug25_slicerworkshop
B 5 Heurosurgical Planning TutorialData

click “OK”

B I patient_dataset
3 3D_SPGR
M DTI
I3 FlesForPrecomputed MRMLScenes J =

I language_FMRI

L
AN

(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
o by 7

= Waripuate Sice\Viess

e ——

P 0 | BHEREE @
ks = [

x || cas |
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£ Load the DWI data

3DSlicer

Set the
dwilmage to
“Create New
Diffusion
Weighted
Volume”

Click “Apply”

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

=

3D slicel r Ve ﬁiun.:l 4

HEIE

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

" Help &Ackrowedgement
“ Dicom DV Loader

Defait

= Meripate Sice Viess

EEmplElEEREE

“ Weriputale3DVien

ks -

EBlkd
=
“lEE
I

MEEE

Peraeterset| 1 :

Stas Corpleted

B ) (&) (&) @) [ [F] (=) 2 @) [ 0] & ¢ & [
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3DSlicer

Select the
Volumes Module

Close “Display”
tab and expand
“Info” tab.

Select “Center
Volume”

@ -
=4
"~ Halp & Acknowladgamant
* Load
[ ma Fil
Voturs arr] Gioam GV ica
Imaga Crigi rom Fila
D e
sssssssssssssssss
Apply
PR T —

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

ipulats Sliea i

(5 e ) [ ) ]

Manipulate 30 Vi

| [EHEE 2o e
- L
LN R A O o

=2

Dicem W Icadar Yoh

s
ey
[@l[=]-]

Henn

St - ==
= rp——"

[@][>][=]

< [E| ) < |EL
2 [ s roct. v 2 =]

OseeTacs 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 | = | i
volumes using s
manual

transform EmpDEREEEE

followed by o 2 oo

affine reQIStratlon 5%%“}?@@@5 o HEEo e vrjo- =] ) p—
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ll-‘lb.

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

ﬂ. Modules: Dt .@....... ... B +

[ B (@] eameee

‘ii 3DSlicer
* Help & Acknovledaement
lafe Modify

mmmmmmm

g e
5 (VU(MRMLMDdeINDde4\
CH-anatomicalMRI  Cuthode
|—atlasMRI vtk oo Editor
|—optic_tract_L, * Tessl Uiy [yiogelNodes)
|—optic_tract R Deleferiode ModelNode6)
superior_temporal_gyrus_ant_L.vtk {vtkMR
D is) i )

onTransform (vikhk
lumeHode4)

. Manipulate Slice Views

EEEDEEER E@

= Manipulate 30 View

oo EIE S @
I al e e

¥ | 100
#

Toggle visibility

e 8s

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

PNG Image - 1280x800 P _ 22:23
EDiE R L

2008-06-08
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Inspect the DWI data

3DSlicer

Open the
Volumes
module

Open the
Display pane

< @

Set the active e s

volume to the
DTI volume
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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

[ @] (2] =
D = =]
i A

OseTacas S - HE

L. |@o.|wr. [ e | Q@) 3:50PM
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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
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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
~ Manipuiata Slioa Viaws

=l &=
~ Manipulata 30 Wiaw

(e [ [l (2] 1 =

the gradients T = =
used to acquire OseTass8c FlEnln|rnlE.]e. ] ) S5
the images
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Create the tensors

3DSlicer

_ 21 Modulas ¥ 3D Slicer Version 3.4 ol

Fils  Edic  Wiaw  Window Coler

& @] - o DE @ e E B S MDD S E

Modals
“‘ >Slicer £
-

[0, 18234] x 0. 1] Transioms.

Select the -
Module P
“Diffusion = T
Imaging -> e
Diffusion Tensor

Unda

i
Difhugien Tanser Extimation

~ Difusicn Tanser Scslar Measuraman =

cr, Schastia Tramsgrashy

Tasting [Tanscr Estimation & (yphs & Tracography Sasding)

Estimation”

Imaga Dimanziond

~ Manipula Slioa Viaws

El = IEE

~ Manipulata 30 Wiaw

Ditlusicn Tansor Extimation

@

Q@) 3:55PM
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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 1o Tansar Imaga (2]
the tensors, but will
upload a MRML

scene of
= B ] EE ) E E = =
precomputed
PSLE@HELE
tensors because = =
computing tensors esewcss®= & @ colia s m—

takes a while
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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

[E2] [ @] 00 50 ot o ot araery

Scene” will delete
your work so far

@--D----[-
cp | EHEE R e

Y -, =)
O | [ [ (=] [

OsePaesS o HE (@ e - 5. ]e;
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3DSlicer

%> Create the tensors

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

I’

Fils  Edic  Wisw Window Halp  Faadback

Bl @l -~ =

:9 3DSlicer

~ Halp & Acknowladgamant
“ Display & Modity Seana
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Add daa o & data diracsey

Add saalar and tansar volumas

Add 30 madal or 2 medal diractory

~ Manipulata Slioa Viaws

El =

- Manipulata 30 Yiaw
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3D Slicer Version 3.4
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=5 3D_SPGR AnatomicalMRIRegistered ToDTl.mrml 51 KB Wed Jun 11 °
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Create the tensors

3DSlicer

" . 3D slicer Version 3.3 Alpha

3 new nodes:
- Baseline Node: "“* = ~

I 1 {:‘ iDSlicer
Image without -
diffusion weighting ‘== —

- Threshold I

= x

languagefMRI (vikMRMLScalarVolumeHode2 )
tumourModel (vtkMRMLModelNoded)
= icalMRI_atlas_registrationTransform (vikk
7a|.lafsMRI {vtkMRMLScalarVolumeHModed)
Mask: mask e s
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3DSlicer

Open the
Volumes
module

Set the active
volume to the
diffusion tensor
node

The fractional
anisotropy is
displayed by
default

" . 3D slicer Version 3.0 S

File  Edit  View  Window Help  Feedback

7N
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!l} 3DSlicer
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¥ Help & Acknowledgement
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View the tensors

3DSlicer

" . 3D slicer Version 3.0 = X

E ;et the Fle  Edit Uiew  Window Help  Fesdback
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€ Image SO
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View the tensors

Scroll down and
turn the glyphs

& e [ e B CIEEE IR

. {.ﬁ\ 3DSlicer
views -

3DSlicer
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Color By Sealar Fractionalanisatropy
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i < @ |E| (@7

L e @
RO s

@_
; L r : = 18:02
% @ Q @ Q 3 I % - 2 dpace@localhost: X 3D slicer Version 3. fi PNG Image - 1280x8( ﬂﬂ :ﬂ@ s

3 4 dpace®@localhost:~ - - & Desktop - Kongueror 2008-06-01

-114-



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

@ 3DSlicer
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View the tensors

3DSlicer

" . 3D slicer Version 3.0
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View the

3DSlicer

tensors

" . 3D slicer Version 3.0

File  Edit

(] &
@ 3iDSlicer

View  Window  Help
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3DSlicer

Place the tractography seed points

Open the
Fiducials
module

Create a new
Fiducial List

< Fiducisl List

—
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Place the tractography seed points

3DSlicer

3D Slicer Version 3.4

& Edit  wiaw Window Help  Feadback
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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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Perform tractography (fiber tracking)

3DSlicer

Open the
tractography
“Fiducial
Seeding”
module
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3DSlicer

— DTI volume =
Diffusion Tensor
Estimation
Volume

— Fiducial list =
FiducialList2

— Output
FiberBundle
Node =

Create New
Fiber Bundle

~ Manipulata Slioa Viaws
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Perform tractography (fiber tracking)

3DSlicer

Open the
Volumes
module

Turn the glyphs
off for all three
views

Click on the "
visibility” —
button to turn e
off the slice

ViSibi”ty GseToecs B0 B m.cufrnfE o] S
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Perform tractography (fiber tracking)

3DSlicer

3D Slicer Version 3.4

One tract is
generated for
each fiducial

The tract colour
IS the fractional

anisotrophy by L 2 X
default. L —

Click and drag
the pink sphere  Liicusmses

In 3D view to . = IR
5 - Ca | [ (] [
Interactively L
GseTaees B r@. oo o] Q) w32

select tracts.
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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 -

Select File ->
Import Scene
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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

Open the Data
module

" . 3D slicer Version 3.0 = X

File  Edit  View Window Help  Feedback

Wodules: Dt E m =] E search modhles
|
v

Inspect the atlas ——
MRML scene - 3 | o e
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image
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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
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¥ Help & Acknowledgement
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X
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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
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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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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

Inspect the anatomical MRI-DTI registration

" . 3D slicer Version 3.0 = X

File  Edit  View  Window Help  Feedback
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Inspect the anatomical MRI-DTI registration

3DSlicer

" . 3D slicer Version 3.3 Alpha

Set the

foreground tO the @@ _ Es;mm 2 [&] [&] @) (9] & =
tensor node and B e '
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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

Inspect the entire scene so far

" . 3D slicer Version 3.3 Alpha = b

File  Edit  View  Window Help  Feedback
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3DSlicer

Slice through
the image
volume to get a
good view

Inspect the entire scene so far

" . 3D slicer Version 3.3 Alpha

File  Edit  View  Window Help  Feedback

Wordules Dt

3DSlicer

=4

¥ Help & Acknowledgement
“ Displayie Modify Scene
MR Tree

x
B Scene 1
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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
DTI {vikMRMLDiffusionWeightedvolumeNode1 )
EHr-anatomicalMRI_DTI_registrationTransform (vtkMF|

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

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

HRHL blods Inspector x
D,

Hame:

~  nanipulate Slice Uisws

= & [ EE

= Manipulate 30 View

Lo BEE
k-] e

Q
- 2 dpace@localhost:~ - Shell [ig PNG In - 1280x800 B m@ 22:36
3 Sund;
3 4 X 3D slicer version 3.3 A | e

2008-06-08

-136-



<
44

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

File  Edit  View Window  Hep
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Inspect the entire scene so far

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  Window Help  Feedback

Wordules Dt
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¥ Help & Acknowledgement

“ Displayie Modify Scene

MR Tree
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& QOverview

3DSlicer

1. Loading and visualizing anatomical MRI data

2. Incorporating fMRI data using image registration
and thresholding

3. Creating a 3D model of the tumour volume

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

5. Incorporating brain fiber tractography from
diffusion weighted images

6. Annotating the preoperative plan and
saving the scene
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Plan annotation

o 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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N

‘% 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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Annotate the plan

3DSlicer
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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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Annotate the plan

3DSlicer

" . 3D slicer Version 3.0

EET T m— _

[ DIEI [ [ (2] (]
mode to B i

13 p I ace |te m S” T

“ Display
Fiducil List Select FiducilList2 A
Tent Scale: +.5 Symbol Scale: 1

E‘ Opacily: 1

setColor || Set Selected Golor [

Setloh voe | spheresn

e [0 [ v

lang.. MRI leng. MRI lang.. HRI

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

~  nanipulate Slice Uisws

= & [ EE

“ manipulate 30 View

< [BE B
T 2] [ [l o =N

#od | 100
&

st:~ - Sh 2 NeurosurgicalPlanningSc 22:59

IPlannings ﬂu :ﬂ@ Sunday

2008-06-01

B%GQ & 28« Bl @ @ dpacec

3 4 X 3D slicer Version 3.0 ) Neurosurgi

-146-



5
%
A

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
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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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3DSlicer

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

Annotate the plan

" . 3D slicer Version 3.0
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\@ Distance measurements

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

Edit

View  Window

Help  Feadback

Hodules: Fiducials

onuentional laout
E Fourup lagout
O only layout
[ st oiytamnt
[ vatow sicacntiont
El Green slice only layout

9| opacit: 1
SetColor || et Selected Color [

setalohTvoe | spherssn

e s @ x v
entryPoint 1 1 |-300.. 124...
tumourAccess | [@1 E1 | -300.. | 59.2.. |1 [ rebbeo e vout
Ecamnmuiewlmui
Tagale GUI panel visibiliiy
Togale bottom pane visibility
Tagale GUI panel LiR
clase
leng... kI lang... MRl —
anad...MRI anat.. MRl A
H ] = >

Disfance: enfryPoint fo himoursccess = 65,6922 mm
ot Firncint| | pamena mineist| | Bamea 811 Fdurists

~  nanipulate Slice Uisws

W [ I

“ manipulate 30 View

NREr o E ol
2k (B q

#od | 100
&

3D onlyliyout \Q_
2 @d ~ - Shell B PNG Image - 1280x800 23:09
Hehcasad ‘

4 X 3D slicer Version 3.0 ﬂU :&E@ Sunday

2008-06-01

-153-



Inspect the final scene

3DSlicer

" . 3D slicer Version 3.0 = X
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3DSlicer

Select File ->
Save

' . 3D slicer Versio, 3.0
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Save the scene

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...

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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