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& Learning Objective

This tutorial will teach you how to perform the steps
required for MR-guided prostate interventions using
Slicer3.

In particular, you will learn how to:

— Register pre-operative and intra-
operative prostate MR images using
deformable
B-spline registration

— Incorporate models of the neurovascular
bundle using image segmentation and
model making

— Manually segment images
— Create 3D models from segmentations




B Prerequisites

This tutorial assumes that you have already completed
the tutorial Data Loading and Visualization. Tutorials
for Slicer3 are available at the following location:

 Slicer3 tutorials
http://www.na-mic.org/Wiki/index.php/Slicer3.2: Training



B o Materials

This tutorial requires the installation of the Slicer3

software and the tutorial dataset. They are available at
the following locations:

« Slicer3 download page (Slicer 3.2)
http://www.slicer.org/pages/Downloads/

« Tutorial dataset (MRGuidedProstatelnterventions.zip)
http://wiki.na-mic.org/Wiki/index.php/IGT: ToolKit/
Prostate-Planning

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




Overview

MR-guided prostate interventions: clinical
background

Registering pre-operative & intra-operative
prostate MR images using deformable B-
spline registration

Manual segmentation of images

Creating 3D models from segmentations



MR—guided
prostate
Interventions:
clinical
background




_3DSlicer Pro Sta te Cancer

« Prostate cancer has the second-highest mortality rate of all
cancers in American men: one in six men will be diagnosed,
and it kills one in thirty-five (American Cancer Society)

* Diagnosis:
— Prostate specific antigen (PSA) level
— Digital rectal exam
— Needle biopsy (Gleason score)

« (Some) Treatment options:
— “Watchful waiting”
— Brachytherapy
— External beam radiation therapy
— Radical prostatectomy




B == Guidance for biopsy/brachytherapy

 Image guidance:
— allows specific locations

within the prostate to be
targeted

— provides updates of the
needle’s current position
and orientation

 Models can be used to
highlight the prostate, the
tumour, and structures to be
avoided (such as the
neurovascular bundle)




B s MR—guided prostate interventions

pre-operative

pre-operative
MR imaging
(high quality)

(optional)
segmentation
model making

reqgistration

compensates for

— change in
patient position

— presence/
absence of
endorectal coill

intra-operative

Intra-operative
MR imaging
(lower quality)

Guidance based on
intra-operative
image fused with
higher quality pre-
operative image and
models of important
structures



B s The Prostate MR Image Database

http://prostatemrimagedatabase.com

* Provides prostate MR images for a variety of clinical situations,
Including prostate cancer biopsy and brachytherapy

Prostate MR Image Database
Welcome!

Getting Started

o Get right fo ... view the image database!
° Peruse relovant non-Image data related 1o the cases in the database.
¢ Scope and Purz:sodmm

a8k 8

Prostate MR Image Database
For Clinicians Patient/Exam List

a,xngwr-amicmmwmmmw 5

erview of the ongoing Image Guided Therapy Program at Brigham and Women's Hospital, including multi-media presentations.
selection of inleresting cases from the database.

« A biblography for prostate MR imaging and image-guided therapy.

For Sclentists and Engineers Exam Description Number Of Series Exam Date Download

PROSTATE BIOPSY Day 42 Downioad

4 To-.c;;i&i r:t:; 3: the. "::':‘;:53.' m ) PROSTATE Day 1 Download

b b Processing image volumes. BRACHYTHERAPY Day 59 Downioad

Code for processing images, such as registration code. ETITE Day 1 et

Other Relevent Links BRACHYTHERAPY Day 255 Download
PROSTATE STAGING Day 1 Downioad

Day 36 Download
Day1 Downioad
Day 114 Download
Day1 Download
Day 148 Download
Day 1 Downioad
Day 1 Download
Day 83 Downioad
Day 1 Download
Day72 Download
Day 1 Download
Day 77 Downioad

ARt o s sxdarmal o abersiors. PROSTATE BX

« Extomal fnks related to prostate disease, imaging and therapy. PROSTATE
BRACHYTHERAPY
PROSTATE
BRACHYTHERAPY
PROSTATE
PROSTATE BX
BRACHYTHERAPY
PROSTATE
BRACHYTHERAPY
PROSTATE W/SPEC
BRACHYTHERAPY

Privacy Statement and Acknowledgements

N s == NO =N ONG =0 -nN
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& Overview

>

1. MR-guided prostate interventions: clinical
background

2. Regqistering pre-operative & intra-operative
prostate MR images using deformable B-
spline registration

3. Manual segmentation of images

4. Creating 3D models from segmentations




3DSlicer

Registering
preoperative &
Intra—operative

prostate MR
Images
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B o Image Registration

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

Pre-operative
-T2 FSE at 1.5 T, endorectal coil
- pixel spacing:
0.46875mm x 0.46875mm
- slice thickness: 3mm

Intra-operative
-T2 FSE at 0.5 T, body caoill
- pixel spacing:
0.9375mm x 0.9375mm
- slice thickness: 5mm

-13-



« [Three transformation models

Rigid

 Translation
* Rotation

Affine

% " ._
\
A

Translation
Rotation
Stretch
Shear

Non-rigid

 Non-linear,
e.g. spline-
based, elastic/
fluid models
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B~ Deformable B-spline registration

NS

¥aer v

Transform ’”! // 1
niltfﬂ"/
LORS

oS <

S SRS\ y
Moving Image

B-spline
grid

B-splines in Slicer3:

« Similarity measure:
mutual information

* Optimizer: itkLBFGSB
(limited memory Broyden
Fletcher Goldfarb Shannon
minimization with simple
bounds)

Control
points

Pixel
displacements
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B oo Registration Steps

Load the image volumes

Initializes
transform

Initial manual rigid transformation a

Automatic affine registration

Initializes
transform

Automatic deformable B-spline registration 2
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B e Registration Steps

Load the image volumes

Initializes
transform

Initial manual rigid transformation 2

Automatic affine registration

Initializes
transform

Automatic deformable B-spline registration 2
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3DSlicer

Load the
pre-operative
image

Open the
Volumes
Module

Load the image volumes

3D Slicer Version 3.2
Al Modlules
File Edit Vew Window Hel

Color

Modules: Data
Editor N
Fiducials
GradientAnisotropicFilter
Models
QdecModule
Queryatlas

“ Display & Modiify Scene ROI

MRML Tree Slices

Slicer

¥ Help & Acknowledgement

X

L_Scene Transforms
volume Rendering

Volumes

Convel
Demonstration
Diffusion Tensor
Filtering

Meshing

Model Generation
FRegistration

Segmentation
MRML Node Inspector Statistics X

D! Tractography

Name:

“ Manipulate Slice Views

“ Manipulate 3D View

P S (&
Lo 2]
i s
I A
Wolumes Q
: - = — B : ang L
o % @ &s\ E b ‘j <> 3 4 X 3D Slicer Version 3.2 DU 'nm ; zgggfoa.yw
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Load the image volumes

=4

Click on “Select mmrmmr—

File

Volume File” ; |

Image Origin: | From File

Label Map || Single File

Apply

Agtive Volume: 2
“ Display

Color Select: Grey :

Interpolate

‘Window/Level Manual 86745 2975.2

I—I
Threshnld: nee N335 17283

“ Manipulate Slice Views

L

“ Manipulate 3D View

Q

= o B : A~ 18:28
LE| Q . ‘j <> 3 4 X 3D Slicer Version 3.2 DU hﬂ; zgg;sﬂ)a-yo7
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3DSlicer

Select the
pre-operative
Image:
preoperative.nrrd

Click “Open”

Load the image volumes

File Edit Vew Window Help

=
Modules: velimes

Feedback

Y
rb Slicer
- 4 ¢ ) random
[ ) RegistrationStuff
¥ Help & Acknowledgement dpace ) ScannerlO
- . ) Screenshots
Lol ) Slicer3
(] Select Volume File B ) Slicer3-3.2.2008-08-08-liny
i = bin
Volume Name: ) include
Image Origin: | From File ) lib
share
Label M Single Fil . 7
el e ingle Fie ) Slicer3-build
Apply ) Slicer3-lib
) Slicer3-rc1
Active Volume: ) Slicer3IGT
o Slicer3May2007
“ Display = Sl
ud ) SlicerScreenshots Aial = None -
Color Select: Grey ) tutorial-with-dicom | | none = Mone =
» MRGuidedProstate ’ 7
Interpolate S |
I e aa7ac | Flename:  [preoperativenrd
u— Files of type: [Volume (*)
Threshnld: nee N335 17283

“* Manipulate Slice Views

LN

“ Manipulate 3D View

Q
= 4 = - | 2 X Open Volume File . 18:34
9 % @ Q g 6\ E‘] Q > ‘—.] < 3 4 X 3D Slicer Version 3.2 DU "“@J; Z;ggfﬂf_ym
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B e Load the image volumes

Click “Apply”

File  Edi View indow  Help  Feedback
s WEEE R (2 o] [ @ @) fE € 2 i [
. Slicer i ; »
Expand the =
Display tab |

Turn
thresholding off

Adjust the
Window/Level
sliders until you
can see the
Image
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B e Load the image volumes

Click on the
slice control link
button B e

File  Edit \iew indow  Help  Feedback

o MEE - (20 (& @ @] & [ [# ] @6 8 i [of
q |
»

Toggle the slice .-
visibility to see -
the slices in the
3D viewer

Center the 3D
view on the
scene and
zoom In

2.



@ 3DSlicer
N

Use the slice
selector sliders
to explore the
dataset

Load the image volumes

" . 3D slicer Version 3.2

File  Edit \iew Window Help Feedback
E‘ Modules Volumes
‘“ \ Slicer

nayT ViYL | FrOMm Hig

Label Map Single File

Apply
Active Volume: preoperative.nrrd
“ Display
Color Select: Grey
Interpolate
Window/Level: | Manual 3118
|
Threshold: off 4464 3

HEEERF=

1245

7436

L

[2, 7436] x [0, 1]

“* Manipulate Slice Views

EEELNEEE

“ Manipulate 3D View

0 6= [2]
L] =] @

HeOsas

IS

(28 [&] (4] &) @] & [7] [ [7] [ 3 i
|

|
|

3 8 <

M -

3

4

X 3D slicer Version 3.2

8]

W@

18:40
Tuesday
2008-10-07
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@ 3DSlicer
N

Load the
intra-operative
image

Click on “Select
Volume File”

Load the image volumes

" . 3D slicer Version 3.2 - 8 X

File  Edit \iew Window Help Feedback

[Ba] (B e LB E - (A 6] (& @] @] @& ] = 2] 6 i [
N | |
@ Slicer “ ‘

{
¥ Help & Acknowledgement | l

(] Select Volume File

Yolume Mame e preoperative nrrd
Image Origin: | From File

Label Map Single File

Apply
Ative Volume: preoperative.nrrd
“ Display
Color Select: Grey
Interpolate
‘Window/Level Manual 3116
—
Threshnld: nee 4454 8

“* Manipulate Slice Views

EEELNEEE

“ Manipulate 3D View

&
L R

a8
L)

D8 @ad e M S 8 WS o,

2008-10-07
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Select the
Intra-operative

Image:

iIntraoperative.nrrd

Click “Open’”

3DSlicer

Load the image volumes

X 30 slicer Version 3.2 ~[slx

File  Edit ‘iew Window Help Feedback
@ Modules: Volumes
“‘ 3DSlicer

-

¥ Help & Acknowledgement ~ :
. Open Volume File \

“ Load ‘ .
: OO ae |
(3 Select Volume Fie ) random raoperative.nird 134 KB Tue Oct 71 ‘
olume Name: ) Registration Stuff ve.ntrd 964 KB Tue Oct 7 12:
Image Origin: | From File ) ScannerlO
) Screenshots
Label Map Single File ) Slicer3 ‘
Apply BB Slll_:el’3-3.Z.Zﬂﬂﬂ-ﬂﬂ-ﬂﬂ-lml
) bin |
Active Volume: preoperative ) include ‘
= lib —
D O share Coronal None a
: ) Slicer3-build =
Color Select: Grey ) Slicer3-lib preo..nd s
Interpolate 2 Sl!l:e(j-rlﬂ
) Slicer3IGT
Window/Level: | Manual ) Slicer3May2007
) SlicerScreenshots
B RS ) tutorial-with-dicom
= — 1 MRGuidedProstate 7

* Manipulate Slice Views

E3] =]

“ Manipulate 3D View

=]

intraoperative nrrd

File name:

Files of type: |Volume (*)

i 18
N L
3
A
2 - = w2 3| dpace@localhost:~/Slic X open Volume File P 18:41
9 % G Q @ Q S | EI pe 3 4 X 3Dslicer Version 3.2 Dﬂ v.ﬂ@ 2;3:-51(103-)67
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B e Load the image volumes

Click “Apply”
File  Edit \iew indow  Help  Feedback
Turn [l & o MREE - (2 Q& & @ & F = ] @ (e
N N\ 7 \‘

thresholding off

Adjust the
Window/Level
sliders until you
can see the
Image

Center the 3D
view on the DeOc8s el o ME 2w
scene
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B e Load the image volumes

Note that the
images are not

] @ ADEE-— PEEEEECE A P
aligned i — =g —
Set the
foreground to

Interpolate
the pre- s (53

operative image ...

Scale between  ssooces @
the foreground
and background

@ % 6 Q @ Q S| ‘:—=I < E Z )V(‘;D’S.Ii:e‘l"\)t;l"si‘oni.z
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B e Registration Steps

Load the image volumes

Initializes
transform

Initial manual rigid transformation 2

Automatic affine registration

Initializes
transform

Automatic deformable B-spline registration 2
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B«  Manual rigid transformation

Fle  Edit Mew Window Help oo

Open the »
Transforms C—t

»
“\ Slicer GradientAnisotropicFilter

" Models

m I GQelecModiule
QueryAtlias

Label Map Single File

Apply ‘
Active Volume: |
“ Display Volumes ‘
Color Select: Converters ‘
Interpolate Demonstration
Diffusion Tensor
Window/Level: | Manual Filtering ‘
Meshing g
Threshold: off Modlel Generation
Registration
Segmentation
[0, 32768] % [0, 1] Statistics
Tractography

* Manipulate Slice Views

W EOEE

“ Manipulate 3D View

P i
AN =
Transforms
) B . | . 5| dpace@localhost:~/S - 18:49
0 % @ Q @ Q =3 EI <> 3 4 X 3D slicer Version 3.2 DU wﬂg Juescoy

2008-10-07
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&~ Manual rigid transformation

Create a new e =
1 Bl ]| e i MEIEE - (2 @] & @) @] (# @ 2 i [
linear transform =, T

-

¥ Help & Acknowledgement

Display And Edit

Transfori
ransform Mode: =
Create New Linear Transform \

Translation

- m ] A ] o. s g o preo..md
T jone ] infr.. = ne = intr..md

o
-53.438 E]\z‘

* Manipulate Slice Views

EEOOEE=

“ Manipulate 3D View

e ¢ | EEE (B @
won

] =R

Create New LinearTransform

CE]

4 3] dpace@localhost:~/S — 18:49
0 % (j Q @ Q 'i ﬁ <> E Z X 3D slicer Version 3.2 DU wﬂg 2335-511103-)67
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/3DSlicer
,/

Open the Data ==

module

Manual rigid transformation

er Version

File  Edit View Window
@ Modules
m DSlicer

-

¥ Help & Acknowledgement
Display And Edit

Transform Editor

Transform MNode:

. All Modules

H

Translation

* Manipulate Slice Views

W EOEE

“ Manipulate 3D View

Data.

Fiducials g
GradientAnisotropicFilter
Models

QdecModule

QueryAtlas

ROI

Slices

Transforms

Wolume Rendering =
Volumes

Converters
Demonstration

Diffusion Tensor - .
X 20...

Filtering -

Meshing - x

Model Generation

FRegistration

Segmentation

Statistics

Tractography

HDeBGcas@edilc

M -

3

4

X 3D slicer Version 3.2

18:49

() WP Tuesday

2008-10-07
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&~ Manual rigid transformation

Apply the
manual rigid
transformation
to the
pre-operative
image

Drag the
pre-operative
Image under
the Linear
Transform1
node

File  Edit \iew Window Help Feedback
[l & o . MREE R (2 Q& & @ & F = ] @ (e
@ Slicer i k A ‘

- Scene

preoperative.nmd (VEKMRML! )
(—intraoperative.nrrd (vtkMRMLScalarVolumeNode2’
LinearTransform]_(vtkMRMLLinearTransformNodi

@ % 6 Q @ Q S| ‘:—=I < E Z )V(‘;D’S.Ii:e‘l"\)t;l"si‘oni.z
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&=~ Manual rigid transformation

- 8 X
All Modules -
File  Edit \iew Window Helg

Open the

Transforms E == |
#) sosicer Fiducils

GradientAnisotropicFilter

module -

QdecModule
¥ Help & Acknowledgement
QueryAtlas

ROl

“ Display & Modify Scene

MRML Tree X
Scene Transforms T ‘
LinearTransform1 (vt wegghendering ‘
preoperative.nird (v Volumes 1
intraoperative.nmrd (vi 4 ‘
Converters -
Demonstration ’
Diffusion Tensor - ‘
Filtering
Meshing
Model Generation
Registration |
Segmentation 7
MRML Node Inspector Statistics - X
ID: ikMRML Scalarvolurr_Trastography
Name: preoperative.nrrd

* Manipulate Slice Views

W EOEE

“ Manipulate 3D View

Transforms

Be028s @29 0 B o us

X 3D slicer Version 3.2 2008-10-07
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&=~  Manual rigid transformation

Manually adjust ==
the translation e T EBS @D d +
and rotation & |
parametersto =~ -
al ig n the two A B

0.000... @ 0.000... 1.000.. 97.00...

0.000... | 0.000

L] 0.000... 1.000... ‘
Image volumes A=
LR 2 ¥ aial =12 preo. =iEy Sagi 2@ preo. =
al None 2 | intr. ~ g Nol A |6 intr.

Recommended:
Trans. LR: -12 ==oonEs
Trans. PA: -6

Trans. IS: 97
No rotation

BRI
[ ISEH
[e[@](=]
HDE

2 = . - 2 | dpace@localhost:~/S X 3D slicer Vers ion 3.2
0 % @ Q 8 @ Q =3 rj e 3 4 @ dpace@localhost:~/Slicer [ PNG Image - 1280x800
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@ 3DSlicer
N

Scale between
the foreground
and
background to
evaluate the
alignment

Manual rigid transformation

" . 3D slicer Version 3.2 - 8 X

File  Edit \iew Window Help Feedback

E‘ Modules Trensfoms

MMEEF-- (2] (& @ @] & = ) E O E ¢ § &

‘“ \ Slicer S < ‘

¥ Help & Acknowledgement ‘

Display And Edit X ‘

Transform Ediitor X |
Transform Mode: LinearTransform1

1.000... | 0.000... 0.000... -12.00...
0.000... ' 1.000... 0.000... -6.000...
0.000... | 0.000... 1.000... 97.00...
0.000... | 0.000... 0.000... 1.000...

\
= Coronal
~

Translation

i in.. = @ Hone
B3 -53.438 E]\z‘

“* Manipulate Slice Views

EEOOEE=

“ Manipulate 3D View

e ¢ | EEE [F]
ot A E a8
L] =] @

5] d X 3D slicer Version 3.2 18:58

0 % 6 Q @ Q S ‘:—=I < E Z @d‘pa’c‘e@l‘c;c;l;os‘th/éiice GU ;ﬂg Ly

2008-10-07

-35-



B«  Manual rigid transformation

The initial
transformation B [ = ODEE — PodeesdErE B
“pushes” the |
pre-operative fee— :
image onto the s s o
intra-operative
Image, but

Slicer’s
registration S
algorithm o
expects the

Inverse

BRI
[ ISEH
[e[@](=]
HDE

00%
‘ 5 | . 3| dpace@localhost:~/S X 3D slicer Version 3.2 = 18:58
@ % cj Q g @ Q =3 l:—=| <> 3 4 @ dpace@localhost:~/Slice ¥ PNG ge - 1280x800 OU "'ﬂg 2;3:_51‘1;’67
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L 3DSlicer
-

Click on the
“Invert” button

Scale between
the foreground
and
background -
note that the
two images are
no longer
aligned

Manual rigid transformation

File  Edi

&l [&] o MMEE- B EEEEEEEAE S E i
B sosiicer ' |
- 4

oooooooo

SFE

||||||||

EEEONEEE

“ Manipulate 3D View

BRI
[ ISEH
[e[@](=]
HDE

X 3D slicer Version 3.2

y B B @
> ‘j < 3o i @ dpace@localhost:~/Slice
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B e Registration Steps

Load the image volumes

Initializes
transform

Initial manual rigid transformation 2

Automatic affine registration

Initializes
transform

Automatic deformable B-spline registration 2
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3DSlicer

Perform the
affine
registration

Open the Affine
Registration
module

Affne registration

" . 3D slicer Version 3. 20N

File  Edit \iew Window H

Colar
— Data
Modules N L
Fiducials
Slicer Gradient&nisotropicFilter
Models
QdecModule

¥ Help & Acknowledgement QueryAtlas
ROI

Display And Edit
Slices

Transform Ediitor
Transforms
Transform MNode: Wolume Rendering

Volumes
1.000...
_0.000,., Converters
Demonstration

0.000..
-0.000...

Diffusion Tensor

Filtering
Translation Meshing

el Generation

Registration I (Utah) Deformable BSpline registration

Affine registration

intr..md =
Segmentation

PA | statistics

Deformable BSpline registration

Tractoorphy Linear registration

Realign\olume

“* Manipulate Slice Views

W EOEE

“* Manipulate 3D View

Affine registration

I d ) X 3D slicer Version 3.2 18:58

. = = T 2 = .
g % cj Q 8 6\ gﬂ\ = ‘j <> E 4 @ dpace@Ilocalhost:~/Slice PN ge - 1 x800

2 2008-10-07

OU ;'.’,{]_}@ Tuesday
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Affne registration

Create a new

File  Edit \iew Window Help Feedback

affine wio [ | EE e BpEBEEDEDNEEREE ¢ O

. . B\ sosiicer , “ 4 ‘
registration e |

¥ Help & Acknowledgement ‘

transform >

Parameter set 2
Create New CommandLine!
status Icle

“ Registration Parameters ‘

Histogram Bins |30

Spatial Samples |10000

You do not

Translation scaling |100

v 0ivliv

need to change i

Output transform | None

a I I Of tl le Fixed Image | preoperative nrrd =
y Moving Image | nrennerative nrrd =

“* Manipulate Slice Views

-53.438 E]\z‘

registration
parameters T

Create New CommandLineModule

. = = \ B ! ocalhost X 3D slicer Version 3.2 - 18:59
N =
DR B P & D B M I Bt 5 me i 1o O WP Tuescoy

2008-10-07
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3DSlicer

Initial
transform:
Linear
Transform1

Output
transform:
Create new
linear transform

Affne registration

" . 3D slicer Version 3.2

File  Edit \iew Window Help Feedback
Modules affine registrafion
»
‘5) Slicer

“ Registration Parameters

Histogram Bins |30 »
Spatial Samples 110000 »
Iterations 2000 =

Translation scaling 1100

“ 10
Initial transform | LinearTransform1 =
Output transform A
Create New LinearTransform
Fixed Image None
LinearTransform1
Moving Image
Default

“* Manipulate Slice Views

El @R EE

“ Manipulate 3D View

Create New LinearTransform

HDeBacssgoedbc

@ dpace@localhost:~/Slice

X 3D slicer Version 3.2

8]

T

Q

19:00
Tuesday
2008-10-07
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3DSlicer

Fixed image:
Intra-operative

Moving image:
pre-operative

Output
Volume:
None

Affne registration

" . 3D slicer Version 3.2

File  Edit \iew Window Help Feedback
Modules affine registrafion
»
‘5) Slicer

“ Registration Parameters

Histogram Bins |30 »
Spatial Samples 110000 »
Iterations 2000 = ‘
Translation scaling | 100 »
“nn ‘
Initial transform | LinearTransform1 = ‘
Output transform | Affine raa = I !
Fixed Image | intrapperative nrrd gl -
v -
Moving Image | preoperative.nrrd =
Output Volume | None
Default

“* Manipulate Slice Views

El @R EE

“ Manipulate 3D View

Q

i olhoa / eTvVarsional _ 19:00
X 3D Slicer Version 3.2 DU ';mj; e
4 @ dpace@localhost:~/Slice ! ge-1 ) 2008-10-07
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3DSlicer

Click “Apply”

View the
progress bar
and wait until it
says
“Completed”

Affne registration

3D Slicer Version 3.2 g X

File  Edit \iew Window Help Feedback

Modules Affine regishrafion

Slicer

Clutus Cunpvieu

“ Registration Parameters

Histogram Bins |30 » [

Spatial Samples 110000 » J
Iterations 2000 =

Translation scaling | 100 » ‘

0
Initial transform | LinearTransform?1
Output transform | Affine registration Transform1

Fixed Image | intranperative.nrrd e

Wy

Moving Image | preoperative nrrd infr..md

-18.75
Output Volume

“* Manipulate Slice Views

W EOEE

“* Manipulate 3D View

X 3D slicer Version 3.2 . 5:00
~ T 5] Tuesday

2 2 2008-10-07
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3DSlicer

Evaluate the
affine
registration

Open the Data

module

Affne registration

3D Slicer Version 3.2

File  Edit \iew Window Help Feedback

olor

Slicer Data

Fiducials
“ Registration Parameters
Modlels
QdecModule
QueryAtlas
ROl
Translation ¢ glices

Histograr
Spatial 5
Iterations j200

Transforms
‘olume Rendering

Initial transform | Lj Volumes

Output transform | Affine registra o erters

Fixed Image | jpyy Demenstration
Diffusion Tensor
Moving Image | pr Fitering
I3 Meshing
Model Generation
Fegistration
Dol Segmentation
Statistics

“* Manipulate Slice Views Tractography

W EOEE

“* Manipulate 3D View

Modul A is tradi -
odules ne regishafion
o All Modules

GradientAnisotropicFilter

Q

X 3D slicer Version 3.2 19:01

\ P B i
=3 ‘j <> 3 4 @ dpace@localhost:~/Slice PN DU ""@g Juescoy

2008-10-07
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Affne registration

Drag the pre-

File  Edit \iew Window Help Feedback

Operatlve DR PoEE MDD E Vi

: " ' | -
Image under - S

¥ Help & Acknowledgement

the Affine :

Scene ‘
LinearTransform1 (vtkMRMLLinearTransformMode! ‘

(] (]
preoperative.nird (vikMRMLScalarVolumeHNode1

re g I S ra I O n intraoperative.nmd (vtkMRMLScalarVolumeNode2’ ‘

Affine mgistﬁ Transform1 (vtkMRMLLinearTt

node = o

MRML Node Inspector

ID: wtkMRML ScalarVolumeMNode1

MName: preoperative.nrrd

“* Manipulate Slice Views

Q

Tuesday

- BN S spaceaiocainos
= tj <> 3 4 @ dpace@localhost:~/Slice PN ge-1 x800 DU 2008-10-07

X 3D slicer Version 3.2 - 19:01
4B
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Affne registration

I n O rd e r to " . 3D Slicer Version 3 VTV =

File  Edit View Window

Color
evaluate the ~_%  I08F— _BOE
Fiducials ] ‘
m Slicer GradientAnisotropicFilter |
-

. *
Models
QolecModule
¥ Help & Acknowledgement QueryAtlas
ROI

“ Display & Modiify Scene

registration, the -

Scene i . alume Rendering
Affine registration | "8 arTr:

transform must S

LinearTransform1 1 p, o ohation Node

Transforms

Diffusion Tensor

be inverted back e

Modlel Generation

N %

Registration
Segmentation
Statistics
MRML Node Inspector X
Tractography
ID: vtk MRML Scalarvoimeoue T

Open the
Transforms WOODE
module N

“* Manipulate 3D View

Transforms Q
: 2 > = ) P B d ocalhost X 3D slicer Version 3.2 . 19:01

g % (5 Q 8 6 gs\ =3 tj <> 3 4 @ dpace@localhost:~/Slice PN ge-1 800 DU "'ﬂg Tuesday

2 2008-10-07
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(|2 sDslicer
R

Change the
transform node
to the affine
registration
transform

Note that the
affine transform
IS different from
the rigid
transform that
we manually
specified

Affne registration

File  Edit e Help  Feedback

e [ o | (EEE BEEBEEDEDE =
‘«
»

“* Manipulate Slici

ulate Slice Views
EEOOEE=
= View

Manipulate 3D

[e[@](=]
HDE

: LoE
/§)

S = 3 = — 2 Id ( 105t X 3D Slicer Version 3.2 - 19:01
8 6 gg\ ~3 tj < 35|14 @ dpace@localhost:~/Slice J ge-1 ) DU u«ﬂg Zgggfl";ym
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B o Affne registration

Click on the

File  Edit \iew Window Help Feedback
i ” T
Invert” button v [ APIEE BEEBEEDEOE =
@ Slicer i 7 ‘

Scale between
the foreground
and

background to ,s
evaluate the el

“* Manipulate Slici

alignment SEDoEEE |

Manipulate 3D

oooooooo

BRI
[ ISEH
[e[@](=]
HDE

p . B : | dpace@localhost:~/S X 3D slicer Vers ion 3.2
0 % @ Q 8 @ Q S J rj < 3 4 @ dpace@localhost:~/Slice
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@ 3DSlicer
4

Now that we've
evaluated the
affine
transform, it
must be
inverted before
it can be used
to initialize the
deformable
B-spline
registration

Affne registration

Fle  Edi
&l & B LB E - (A @] & @ @] & = 2 @ ;%o
; S| i l

oooooooo

||||||||

“* Manipulate Slici

ulate Slice Views
EEOOEE=
= i View

Manipulate 3D

BRI
[ ISEH
[e[@](=]
HDE

p . B : 5] dpace@localhost:~/S X 3D slicer Vers ion 3.2
@ % @ Q g @ Q =3 l:—=| pe 3 4 @ dpace@localhost:~/Slice
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B Affne registration

Click on the

File  Edit \iew indow  Help  Feedback
“|nvert” bUttOﬂ st MEEE - [k EE EEE D 3 i [

We are back to —
the original e

oooooooo

transform given
by the affine
registration:
note that once
again, the
Images are not
aligned

ccccc

X 3D slicer Version 3.2
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®

Registration Steps

Load the image volumes

Initializes
transform

Initial manual rigid transformation 2

Automatic affine registration

Initializes
transform

Automatic deformable B-spline registration 2
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Perform the
deformable B-
spline
registration

Open the
Deformable
Bspline
Registration
module

<. Jeformable B—spline registration

" . 3D slicer Version 3.0 T

File  Edit Mew Wndow b oo

Data.

Modules it

Fiducials
m Slicer GradientAnisotropicFilter
’ Models
Qdechodule
Queryatlas
Lr ROl
Slices
P Transforms
VolumeRendering
Volumes

Converters
Fotation Demonstration
Diffusion Tensor
Filtering

Meshing

el Generation

Registration I (Utah) Deformable BSpline registration
Segmentation

Affine registration

Statistics

Deformable BSpline rggistration

Tractography

3 Linear registration
Identity Invert

Coordinate Reference Global

FRealignVolume

“* Manipulate Slice Views

El @R EE

“ Manipulate 3D View

Deformable BSpline registration Q
19:03

= ~ = B B : ] d C 105t X 3D Slicer Version 3.2 o
g % @ Q 8 6 gﬂ\ =3 tj < 35 1[4 @ dpace@localhost:~/Slice DU uxﬂ@ Zgg‘g_sﬂiym
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B« Deformable B-spline registration

Create a new

File  Edit \iew Window Help Feedback

deforl I Iable Modules: | Defomable B5pline registration lj . ™ @D i

: B 5osico | |
B-spline - -

¥ Help & Acknowledgement ‘

“ Deformable BSpline Registration

(] [} (
registration =

Create New CommandLineModule ‘

Status ldle ‘

“ Registration Parameters
ra S O r Iterations {20 < |

Grid Size |5 4
Histogram Bins 100 » ‘ ‘
Spatial Samples |S0000 »

Constrain Deformation

Maximum Deformation |1 < Al None = intr. * @ None = intr..md

You do not
need tochange ...

EEOOEE=

any of the
registration H

<!
|A

a ra l I I ete rS Create New CommandLineModule Q
= | 105t X 3D slicer Version 3.2 19:04

- 2 0 B2 S el
g % @ Q 8 6\ gﬂ\ =3 tj <> 3 4 @ dpace@localhost:~/Slice DU w@g Zggg_sf;yn-,
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Initial
transform:
Affine
Registration
Transform1

Output
transform:
None

<. Jeformable B—spline registration

" . 3D slicer Version 3.2

File  Edit \iew Window Help Feedback

Modules: | Deformable BSpline registrafion lj ‘ @ D 3 %
@ Slicer i

ura aie |2 2
Histogram Bins |100 » ‘
Spatial Samples |S0000

Constrain Deformation ‘

v

Maximum Deformation |1

Default Pixel Value |0

O 0

Initial transform | Affine registration Transform1

Output transform | None

preo..md
Moving Image

Output Volume

Default Apply

“* Manipulate Slice Views

= @ 3 )

“ Manipulate 3D View

Q

1 » / icar Varsh 2 _ 19:04

[ X 3D Slicer Version 3 DU ';,mj; e
3 4 @ dpace@localhost:~/Slice 2008-10-07
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Fixed image:
Intra-operative

Moving image:
pre-operative

Output
Volume:
Create new
volume

<. Jeformable B—spline registration

3D Slicer Version 3.2

File  Edit \iew Window Help Feedback
Modules: | Deformable BSpline registrafion
‘5 ) Slicer

ura aie |2 2
Histogram Bins |100 »
Spatial Samples |S0000 »

Constrain Deformation

Maximum Deformation |1

O 0

Default Pixel Value |0

“ 10
Initial transform | Affine registration Transform1 = ‘
e Image | intraoperative nrrd orio.md =
) -
Moving Image | preoperative.nrrd intr.md =
Output Volume
Create New Volume
Maone
Default Apply

preoperative.nrrd

intraoperative.nrrd

“* Manipulate Slice Views

@ 3 R E

“ Manipulate 3D View

Q

19:05

Create New Volume

= ~ = B B : | ¢ X 3D slicer Version 3.2 o
0 % @ Q 8 6 Q =3 B e 3 4 @ dpace@localhost:~/Slice DU w@g Z.Drgg_sf;ym

-55-



B~ Deformable B-spline registration

CIICk “Apply” " 3D siicer Version 3.2 — 5%

File  Edit \iew Window Help Feedback

@ Modules: | Defomable 6 Spline resistrafion E E] search modle @ %
m Slicer i

Spatial Samples |S0000 »
rogress bar
Maximum Deformation |1 3]
(] (] (] =
and wait until it
Output transform | None
S ayS ot e e
Moving Image | preoperative.nrrd
‘ O m p I ete d Output Volume | Deformable BSpline registration Volume1

1

* Manipulate Slice Views

Set the LIRS

“ Manipulate 3D View

Histogram Bins |100 »

Default Pixel Value |0

Initial transform | Affine registration Transform1

= v Coronal :. intr..md
et - Hone 2 -
-53.438 E]\z‘ 32812

foreground to
the intra- . _ T — -
operative image . 2

2008-10-07
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B~ Deformable B-spline registration

Evaluate the
deformable B-
spline
registration

Scale between
the foreground
and
background to
evaluate the
alignment

" . 3D slicer Version 3.2 8 X

File  Edit \iew Window Help Feedback
@ Modules: | Defomable 6Spline registrfion E E] search modle @ D %
@ Slicer i = e

Histogram Bins |100 »
Spatial Samples 50000 »
Constrain Deformation
Maximum Deformation |1

Default Pixel Value |0

Initial transform | Affine registration Transform1

Output transform | None

Fixed Image | intrapperative.nrrd

infr..md Al . Coronal :‘ infr..md
Defo..met - Mone
-53.438 E]\z‘

Moving Image | preoperative.nrrd

Output Volume | Deformable BSpline registration Volume1
Default Apply

“* Manipulate Slice Views

EEOOEE=

“ Manipulate 3D View

‘ 5 | . 3| dpace@localhost:~/S X 3D slicer Version 3.2 = 19:10
@ % cj Q g @ Q =3 l:—=| <> 3 4 @ dpace@localhost:~/Slice OU "'ﬂg Ly

2008-10-07
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B~ Deformable B-spline registration

Compare the
defo rma b Ie B- D xce sy S—

File  Edit \iew Window Help Feedback
Spline @ Modules:  Defomable B:Spline registrafion MMEJ-—”:‘WJ hmodule @D 3 %
- - @ Slicer Cmi’ ,«'
Ediits
b ﬁdlu:rals
registration

Histogral Gradient&nisotropicFilter
Spatial 5 Models
results to the e
Maximum Deformation |1 hieryisios

ROI
Default Pixel Value |0 _

affine results

Initial transform | Affine registra

Output tr
Coi

T . " -
h ffl n Fixed Image | inti Demonstration p ¥ - e - o &) tnd - o
Mo Diffusion Tensor 2 Mone s efo..met = Hone 2| Defo..met - Mone

Filtering - =
5o (O]

Qutput Volume | Deformable BSpline regis Meshing

transform must ..

Segmentation
Statistics

be inverted back o e

EEELNEEE

“ Manipulate 3D View

Open the . gome-s e

Transforms

Transforms o9 cis a0 De WET" e —
module

3 4 @ dpace@localhost:~/Slice 2008-10-07
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B« Deformable B-spline registration

Click on the
‘Invert” button ==

s [ o DREE- PEEEEEOEE = |
Set the e~ [ -
foreground to
the pre-

operative image

Scale between
the foreground
and
background to
evaluate the
alignment
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B~ Deformable B-spline registration

Final results:

foreground R |
back to the ;‘

Intra-operative . R

image ;

||||||||

* Manipulate Slice

EEOOEE=

“ Manipulate 3D View

=

iews

BRI
[ ISEH
[e[@](=]
HDE

2 . - 2 3| dpace@localhost:~/S X 3D slicer Version 3.2
0 % @ Q @ Q =3 EI pe 3 4 @ dpace@localhost:~/Slice
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3DSlicer

Overview

MR-guided prostate interventions: clinical
background

Registering pre-operative & intra-operative
prostate MR images using deformable B-
spline registration

Manual segmentation of images

Creating 3D models from segmentations
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‘@ 3DSlicer
>

Manual Segmentation

Manual
segmentation Is
the process of
delineating the
anatomical
structures within
an Image
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B - Manual Segmentation - Prostate

eeeeeeeeeeee

Prostate MR S EEEII—I@IIIIIIII CIEET =
dataset

BEE]

T =%

L

T2-weighted
axial image at
3.0 Tesla

Central gland,
peripheral
Zone,
neurovascular
bundles and 3»

rectum shown  #*




B Manual Segmentation - Prostate

Prostate MR
dataset

T1-weighted
axial image at
3.0 Tesla

The T1 image
can be used to
complement T2
iImaging
visualization

EEX
eeeeeeeeeeee
= [ DIE[E e (2] ] [A ] (] el (5] [ (2] (1] Pl
'iﬁ e — 2] =
@ — @] —

B EEFTTTOE

1] -
5] -
ton: Zoom

Lb: 0 Black
Fg: 339
Bg: 651

|
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%7 Manual Segmentation —Load

e — ,/ e
Load the data O ONEEF PEEERENENE O E ¢ o

Add DatE ctrl-a, N o
Add Volume...

Save Cirl-S
Publish to XNAT Host...

Sample T

segmentation :

data were

previously

saved in a

scene file ;
S

Axial — @l Hoe — @v’ Axial ] @

- SEE e —EE e —E@
5 e NN 5 e

National Alliance for Medical Image Computing -65-



B oo Manual Segmentation —Load

Select T2.mrml
from the file | — T

3KB 11/14/0815:30:13

doxml KB 11/14/08 15:31:04
T2mml  8K3 11/17/0813:16:33

selection menu
and click “Open”

This scene

contains T2

and T1 MR,

plus an

example label —|[I=m
5 ;

map Bg I1 292

Bg J: 713
Bg K: 16

| BLJ1 ]
File name: |T2.mrml
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% Manual Segmentation —Layout

I2 3p Slicer Version 3.2

File Edit View Window Help Feedback

Select layout ©% = = =HHEER

a 3DSlicer

¥ Help & Acknowledgement

“ Display & Modify Scene

- MRML Tree

Scene
T2 [vtkMRMLS calarvolumeNodel)
T1 [vtkMRAMLS calaiVolumeNode2)

Label (vtkMRMLS calarvolumeNode3)

X

This will display e

1D:

axial MR slices

for the
segmentation

BElRREEEEEEE]E () S

- -
v L& Convertional layout

EFour-up layout

20 el

= ;
. Green slice only layout
[& Tabbed 30 layout

i Tabhed slice layout

- Compare layout

Toggle GUI panel visibility
Toggle bottom panel visibility
Toggle GUI panel LIR

close

National Alliance for Medical Image Computing

-67-



B =~ Manual Segmentation —Visibility

Toggle
ViSibiIity r::’ oooooooooooooo

Toggle visibility
to foreground
so that the T2-
weighted image
appears

The tOggle v‘ Manipulate Slice Views
allows for easy EEOLHEE G

“ Manipulate 3D View

visualization of -
both the T1 and -+
T2 images

Rolk
LI
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B =~ Manual Segmentation —Visibility

Fit visible

The fit visible
button zooms
the image to fit
the window

This presents
the maximum
Image size to
aid in
visualization

“ Manipl Slice Viewers :

MRML Mode Inspector

ID:

MName:

“ Magmylate Slice Views

E (]

Fits image data to the windowy in all
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B = Manual Segmentation —Editor

I2 3D Slicer Version 3.2

File Edit View Window Help Feedback

Open the Editor @@ - |
module

Dat

=D (2] [1] (4] ] (] [l [

@ 3DSlicer

22k

=

¥ Help & Acknowledgement

. “ Display & Madify Scene
The Edltor - MRML Tree -
Scene J
m O d u I e BE T2 (vkMRMLS calaivolumeNoded)

T1 [vtkMRMLS calartolumeNode2)

. Label [vtkMRMLS calarVolumeNode3)
contains

Slicer’s drawing
tools

MRML Node Inspector —X 7
ID:
MName:
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B . ~Manual Segmentation —Source

IZ 3D Slicer Version 3.2

S el ec t th e VFile Edit  View Wind?w Help Feedback . |
source volume = = | [ADIE[E [ (2] (][4 ][] [ L2 (=) (] ] | [

rn i : Axial
:.’ 3DSlicer -~

This is the S

2 Hglp & Acl{nqwledggmem The Source Yolume will define the

dimensions and directions for the new

volume you will == S~

Source Volum( [ 12\ [=
'

be d raWi n g O n MName for label map volume: lWorking V

| Create Label Map

* Tools

Select the T2 Lace 2 [ R

Active Tool:

volume for this I 7 B
demonstration

o
e N

0 &8 &
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B --Manual Segmentation - Label Map

Enter a label
map name

The label map
will contain the
segmentation
results

Enter “Label”
as the label
map name

Press “Create
Label Map”

@ 3DSlicer

¥ Help & Acknowledgement

* Volumes
Source Yolume: | T2 __4 :
Name for label map volume:
* Tools
Label H . W
Active Tool: :

S
B BN e

U

£

- ® & H
B
B

I2 3D Slicer Version 3.2

File Edit View Window Help Feedback

Maclikes: Edior pra | . IEI lz‘ Izl search moduk
S

2] [B] (&) [#] [®] (& -]

=
[l I
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B s Manual Segmentation - Draw

S el ecC t th e File Edit View Window Help Feedback

draw tool [ SADEEF EDEBEENEE
E 3DSlicer ’; ” L::I.

Click on the e Sl

pencil icon

Source Yolume: | T2 _y | =
I g

Name for label map volume: [Label

| Create Label Map

The draw tool is

used to contour | wfIm )
reg io n S Of fctwe Tool:
Interest

-73-



B s Manual Segmentation - Color

Select color

Click on the
color box for
the pop-up
color selector

Use a different
color for each
anatomical
region

File Edit VYiew Window Help Feedback

7 Moduks: ‘7 Edtor - . E, E, search

@ 3DSlicer

¥ Help & Acknowledgement

* Volumes
Source Volume: | T2 _ =
v
Name for label map volume: lWorking
| Create Label Map ‘
* Tools
Label |14 3 R :
Active Tool: Draw
74 A
Paint Over: @ i i
Threshold Pairting: 8=
— i
| LIS j
Cancel | | Apply | AL

- PRREEEEAEZ
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B~ Manual Segmentation - Contour

File Edit View Window Help Feedback

Draw a closed ga- - —moser— cossssoevssaE o
contour & !

¥ Help & Acknowledgement

‘‘‘‘‘‘‘‘

Contour the
prostate ~F3E

V4 4,
12 ]
@ B E
e s 2
[Py |l' - :
J 4 il d
PreSS the a & Cancel | | Apply | rAN .

key to fill in the
region when
complete

“ Manipulate Slice Views

EEELINER @]
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L@ 3DSlicer
>

Manual Segmentation - Contour

The contour is
filled in when ‘a’
IS pressed

Here the
boundary of the
prostate gland
has been
contoured

File Edit View Window Help Feedback

EIE| - |
@ 3DSlicer

¥ Help & Acknowledgement

VVVVVVV

Source Yolume: 1712 = “
vl
P volume: I‘;\-Iorking
1 Create Label Map |
Is
i[ie 3 53
Active Tool: Drawy
Paint Over:
Threshold P
I [
L
B ‘C Applyi

“ Manipulate Slice Views

ERDDEEE EameeE

S MEE -

mex
Pl
»
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B o Manual Segmentation - Color

BT
Select color

Mocligs: . Eltor e . E m E search modike
; ‘

Change tO a E 3DSlicer
different color ==
fO ran Ot h er = v Node Type: Labels

Stru Ctu re Total Number of Colours in Table: 257

Selected Color Label: 1

Color Select: Lahels

— R I-low
Click on the I
color box for e’ 35 | oo
13 gato
the pop-up o
color selector B S

l—___J

[I Showy Only Named Colors

B |Cancel | | Apply |

2l[B] (4] ] (@] [ L] = [~

Axkal

Lae|

=
R
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B~ Manual Segmentation - Contour

Draw a closed
contour

Contour the
right
neurovascular
bundle

Press the ‘a’
key to fill in the
region when
complete

File Edit View Window Help Feedback

e [P E][E [ (2] [0 [A) ][9] [ (][] (] 8] 2 4 [o]

{'\ El | — S[E
:': 3DSlicer | wokg — 2@
& novvledg
Source Yolume: | T2 _y :
lume: Working
eeeeeeeeeeeee
oooooo
JZEE] | R
e Took: raw
"4 4,
] ]
Paint O = i =
Thre G R
[ | @ 0O
H S3E
B [cancel| [apoly 7.9
“ Manipulate Slice Views
EECEREEE Elw] (@]
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B~ Manual Segmentation - Contour

Y

File Edit WYiew Window Help Feedback

@[EI Modtks: ‘ Edtor A"-nm-u» @‘1 2 %

'@'j Al

&Y spslicer i
£

T h e C O n t O u r i S 7 Help & Acknowledgement

“ Volumes

=

filled in when ‘@’ e
IS pressed

.E:reate Label Maﬁ ‘
Label[re = [ R

Active Tool: Draw
e 2 4B
z

Paint Over: =

Threshold Painting:

: @ 6 E

Here the right — A
neurovascular —Ee O
bundle has

been contoured

“ Manipulate Slice Views

EEDDEEE o i@
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B Manual Segmentation - Opacity

Set label
opacity

This allows you
to see beneath
the contoured
regions

Select a value
for the opacity
using the pop-
up slider

“* Manipulate

“* Manipulate

=] g )] (] B

Slice Views

ElE)

Popup scale to adjust opacity of Label
Layer in all Slice Viewers.

_L[®]
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\@ 3DSlicer
>

Now you can
visualize the
MR image and
the selected
regions at the
same time

Manual Segmentation

Opacity

I3 3D Slicer Version 3.2
File Edit View Window Help Feedback

BE ~ [ = —ONEEF - HEEeErErE EEE 5
- Axbl _1:. ™
r‘\ 3DSlicer

i) ‘
‘ 7 |L Wotkhg = ; =
(D[]l ]

Y Help & Acknowledgement

“ Volumes
Source Volume: | 12 _y :
Name for label map volume: I‘Warkmg
Create Label Map |
* Tools
Label[ia 2] [ w g
Active Tool: Draw ¢
74 s
7] ]
Paint Over: B
Threshold Painting: E} @ E 2
e — e O
= Cancel?‘App\y’ri VAN

“* Manipulate Slice Views

EEDDEEE EErOE

* Manipulate 3D View

B
LL
1‘ A

Lb: O Blaek
Fg: 1793
Bg: 1793

3]
e

Middle Button: Pan; Right Button:

ﬁ -

E2R
(E]&]E]
H)

r~4
E]
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Manual Segmentation - Color

@ 3DSlicer
4

I2 3D Slicer Version 3.2

File Edit View Window Help Feedback
Morduks: '7 o — | E E] E] search modtke @ @

Select color

Change to a
different color
for another
structure

Click on the
color box for
the pop-up
color selector

@ 3DSlicer

¥ Help & Acknowledgement

* Volumes
Source Yolume: | T2 _ :
Name for label map volume: |Working
| Create Label Map
* Tools
Label W
Active Tool: Draw :
4 A
fo ]
Paint Over: ) @ @
Threshold Painting: @ = =
ﬁ L B { :
= Cancel | | Apply | ARL

4
»
Jrag) Al
2

Working

@
(Ol ]I
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B~ Manual Segmentation - Contour

Draw a closed - - —coee

‘
»

contour -

¥ Help & Acknowledgement

‘‘‘‘‘‘‘‘

Contour the

‘‘‘‘‘‘

t Label m =
u m O u r Active Tool 3 Draw E
4 vAR:
7 |
Paint Over: = @ | @
Threshold Pairting: .E} @ Rk
[ eshold | 8
B Cancel | | Apply VAL

Press the ‘a’
key to fill in the
region when
complete

llllllllllllllllllll

L LEE @]

llllllllllllll W

= Lb: 0 Bidck
‘ ~ | e Fgi 1513
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B~ Manual Segmentation - Contour

File Edit Yiew Window Help Feedback

R —

(B[] (4] [B] [0 & [ [ [£] @] i i [ol
@‘ axal _A: 1|
Watkhg |S]

“
»

@ 3DSlicer

~ Help & Acknowledgement Bg [: 305

Bg J: 273

The contouris ™ S—— v 7
filled in when ‘a’ T

* Tools
Label[12 3 R

IS pressed

4 4
z ]
Paint Over: [c2] E EE
Threshold Painting: 'EJ‘ @ : E
| o 8
u— = . ¥
= cancel| [ appiy | AR

Here a
suspected
tumor has been
contoured

“ Manipulate Slice Views

(L)L EE |

“ Manipulate 3D View

Lb: 0 Bldck
Fg: 1224
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B o Manual Segmentation

To erase, draw ==EEAGEEL

File Edit View Window Help Feedback

with black o [ e ][] ][] [ e

B3 spslicer
Click on the >
color box for "t ottt
pop-up color e
selector and e

choose black

Create Label Map

Label |0 = W
( I a b e I Ze ro ) Active Tool: Draw
74 £,
"z ]
Paint Over: @ i @
Threshold Pairting: (LR T
T — 8
ﬁ G oe :
= Cancel | | Apply | 9P

- Erase
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B osice Manual Segmentation - Erase

I3 3D Slicer Version 3.2

File Edit View Window Help Feedback

Contour the BE -~ [ = —MNEEF- fEEeElEdE S E i ¢ 6
(D 3DSlicer 'lg‘ ‘ —‘;

region to be - =8 =

¥ Help & Acknowledgement

erased o

Source Volume: | T2 _y |
I~

Name for label map volume: F‘Gorklng

Create Label Map |

* Tools
Lebelfo 3 [l R
Active Tool: Draw ’
74 24,
z
Pairt Over: 2] E E
Threshold Painting: l@' @ z E
[ e @
ﬁ PRI S
= ‘Cancel‘ Applv5 FARL

“ Manipulate Slice Views

FEEELHEER @]
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B osice Manual Segmentation - Erase

File Edit Yiew Window Help Feedback
1 ) lﬁ] e 'V Editor — | EEE s Mok @ =] " 35
Press the ‘a ‘ =
@ 3DSlicer -

key to erase

* Volumes

the region —

Name for label map volume: 'Working

when complete

* Tools
Levelfo 3 [ w
Active Tool: Draw
V4
Z ]
Paint Over: 2] @ S E
Threshold Pairting: R
l Threshoid 8
ﬂ CIRELm
& |Cancel | | Apply | rAAL

“* Manipulate Slice Views

FEEELNBE e
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B =« Manual Segmentation - Result

Segment all BE - = Bl RS IEEI
- - B :osiicer [ = = =
slices in the - o

volume

For each slice
in the volume
segment the
prostate, both
neurovascular
bundles and
the tumour: use
a consistent

Lb: 0 Blagk

color scheme. = B

Bg: 456
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B e Manual Segmentation - Save

Save the
segmentation

Select “Save”
from the File
menu

Save the labels
and current
settings in a
scene file

I2 3D Slicer Version 3.2

Jad Scene...
Import Scene...
Add Data...

View Window Help Feedback

Ctrl-O

Ctrl-A

! alyme...
FUm=n to XNAT Host..

Close Scene

Exit

Ctrl-wW L

i

* Tools

Lavel [0 < I}

Active Tool:

Source Volume: | T2 _y | =
v

= [ ® @] e
e

MName for label map volume: IWorking

Draww

Paint Over:

Threshold Pairting:

,'— L

I

Create Label Map

£
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3 88
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3DSlicer

Overview

MR-guided prostate interventions: clinical
background

Registering pre-operative & intra-operative
prostate MR images using deformable B-
spline registration

Manual segmentation of images

Creating 3D models from segmentations
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Creating Models

We can create
3D models of
the anatomy to
enhance our
visualization
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B - Creating Models -Select Module

b

We will load the

File Edit WYiew Window Help Feedback

“Model Maker” , |
module ™1 15 ‘ Moeltks: ‘ Data — 4P - ';m,....,..|
Select a Slicer module. f
The Model r‘\, 3DSlicer
Maker module
makes 3D P SRR
triangul ated * Display & Modify Scene
surfaces from [ Jree j
i Scene
Seg me ntatl ons T2 [vtkMRMLS calarvolumeNode1)
T1 [vtkMAMLS calarolumeNode2)
Label (vtkMRMLS calarolumeNode3)
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B = Creating Models -Select Module

Open the
Model Maker
module

(Other model
choices may
apply for other
applications)

I 3D Slicer Version 3.2
File Edit View Window Helg-

m 3DSlicer
-

¥ Help & Acknowledgement
“ Display & Madify Scene
| MRML Tree -

Scene
T2 [vtkMRMLS calatvol

T1 [(vtkMRMLScalaVol

Label [vtkMRMLS calar

All Modules

Color

Data

Editar

Fiducials
GradientAnisotropicFiter
Models
QdechModule
QueryAtlas

ROI

Slices
Transforms
‘YolumeRendering
Yolumes

Converters
Demonstration
Diffusion Tensor
Fittering

Meshing

Model Generation
Registration
Segmentation
Statistics
Tractography

AEF PEE

W, W N

Grayscale Model Maker

VW, W

MRML Node Inspector
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B = Creating Models - Input Volume

Choose the ——
input volume B o

eeeeeeeeeeeeeeeeeeee

This is the

volume called
“Label” in this
demonstration

Each label

I - t h ¥ Model Maker Parameters
Va u e II l e ¥ Anatomical Information

label map can ™
be made into a
surface model

=[P E]E [ (2] [B] [ [B] @) F 12 = 2] @] S]] E] ¢ 4
N

=1 eIy
o] — -8
)| ]| [T]
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Create a new
model
hierarchy

Hierarchies can
be used to
organize 3D
models into
groups

File Edit VYiew Window Help Feedback

El Mocekes:
@ 3DSlicer

¥ Help & Acknowledgement
“ Madel Maker

Parameter set| 4 )
vl

Status Idle

Input Volume | | ghel — :

= Create Multiple ]
Model Prefix [Model |
Generate All Models ‘
Labels [— ‘
Stetlabelt 5|
Endlabel[t 3|
|

Joint Smoothing || |
¥ Model Maker Parameters
¥ Anatomical Information
Default ncel | Apply

MinnEER
' o - 1‘5

Creating Models - Hierarchy

Bl E ¢ i &

l e Lael = 3::
S =
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@ 3DSlicer
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Select “Create

New Model
Hierarchy”

Creating Models - Hierarchy

I2 3D Slicer Version 3.2

File Edit View Window Help Feedback

E 3DSlicer

¥ Help & Acknowledgement

“ Model Maker

“* Create Multiple

¥ Model Maker Parameters

¥ Anatomical Information

| Defaut |

Mok | Maker

n
4
»

Parameter set| __y &
| 1=

Status Idle

Create MNew ModelHierarchy

Model Prefix [Moel

Generate All Models

Labels I
Start Label [-1 3|
End Label |-1 el ‘
Joint Smoothing

Apply

B

4

=[] fen [2 ] (A [ [S] [ ol &

Axlal

Label

BE

—r

00

v
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Generate
models

Check the box
“Generate All
Models” box

(You could also

generate
models

individually for

each label
value)

Creating Models - Generate

I2 3D Slicer Version 3.2

File Edit Yew Window Help Feedback

Modes:

@ 3DSlicer

¥ Help & Acknowledgement
“ Model Maker
Parameter set | Model Maker! —1 | =

Status Idle

Input Yolume | |Lapel — Al
|l

Models | Madel Maker Modell  —1 |~

Moadel Prefix IModel
Generate All Mitiels
Labels

* Create Multiple

Start Label |1 3
Endl Label [-1 3
Joint Smoathing
¥ Model Maker Parameters
¥ Anatomical Information
Default | ncel | Apply

1] 1l =
f . ) Axial

PR EDEZE B E

(-
=]
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@ 3DSlicer
»

Press the
“Apply” button

Slicer will
create all the
models

Creating Models - Apply

File Edit Yew Window Help Feedback

Moduks: Mok 0cke1 _J'EE]......ML (2] [0] &l [#] [®] [ [ 2] [4] [E]| [©][2] B

12 @»j Axtal
:@ 3DSlicer ‘ 1.1.;

¥ Help & Acknowledgement

“* Model Maker

Parameter set | podel Maker! —1 | =

Status Completed

Input Volume rLabeI —1 -
-

Models | podel Maker Madell —1 | =

* Create Multiple

Moadel Prefix |Mode|
Generate All Models [#]

Lahels I
Start Label [-1 S
Endl Label |-1 E
Joint Smoothing
¥ Model Maker Parameters
¥ Anatomical Information
Default | el Apply

—|Execute the module
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View the
models in 3D

We can
visualize both
the models and
the image
slices in 3D

Creating Models - View

[v] ™ —

Maker! —1 :

Status Completed

nerate All Models [#] |

Joint Smoathing [ |

Apply |
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Select
“Conventional
Layout”

This view
allows for
viewing both
Image slices
and 3D space

Creating Models - View

=] —

[E 3D only layout

7 v [_ Red slice only layout
|= Yellow slice only layout

= ﬁ= Green slice only layout

Maker! — IS [ Tabbed 30 layout

Status Completed IE Tabbed slice layout

; Compare layout

Me | Label — = Toggle GUI panel visibility
Toggle bottom panel visibility

al
!
er Modell  —t : Toggle GUI panel LIR

close

nerate All Models

3
4

Joint Smoothing

Apply
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The 3D view
appears

Surface
structures
appear colored
by their label
colors

Creating Models - View

= ‘ axial = ‘,::, ’ Nore — ::: =
- ‘ Labe! — : T2 =} : Lt —
(D]~ ]] L] [, =5
.
Bg Ji 511 Bg Ji 511
Bg K 1 Bg Ki 16
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@ 3DSlicer
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The mouse can
be used to
rotate the

surfaces

The letters S/I
A/P and R/L
help with

spatial

orientation

Creating Models - View

edback

SMNEEF PREEEEOECE S E ¢ i

mmmmmmmmmmmmm
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o)f T~

LEX

-102-



@ 3DSlicer
;_/

View the cross-
sectional slices
by pressing the
“‘eye” button
above the
slice(s)

Creating Models - View

wameter set | nodel Maker! —1 | <)

Status Completed

Input Volume | Label —i =

[+
-
|t |

Models‘ Model Maker Modell —t |=

Model Prefix [Model

Generate All Models [#] |
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Start Label |-1 33
End Label |-1 3:

Joint Smoothing

Apply
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E — : Nowe — : E
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B o Creating Models - Save

= 2D Slicer Version 3.2
S a Ve the ‘ File ’ dit View Window Help

e M T LIMMEE [ AR E B [
models :

Add Yolume...
Save Ctrl-S
Publish to XNAT Host...

The models amesome cuw
need to be T

saved or they E——
will be lost e

Models | Model Maker Modell  —1 |

Feedback

(O[]

“* Create Multiple

Select “Save” e T— @
from the “File” Labels | |

Start Label [-1 4
menu i 2
|
Joint Smoothing |
¥ Model Maker Parameters
¥ Anatomical Information
Defaut ancel | Apply |
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Make sure
“Save” is
checked next to
the models and
“Save Scene”

me | Label I3 save Scene and Unsaved Data

er Modell

- Save Data -X
nerate All N ; r= 1
Data Directory: | ] C:/Documents and SettingshakerDesktopiSegmentationTutorialidata003/ |
Save Al iSave None
I Node Mame Status Save Type File J
Joint smdl || T2 NotModified Yolume C:/Documents and Settings/haker/Desktop/SegmentationT utorial/data/003/T ...
T NotModified Volume C:/Documents and Settings/haker/Desktop/SegmentationT utorial/data/003/T ...
Label NotModified Volume C:/Documents and Settings/haker/Desktop/SeagmentationT utorial/data/003/L...
Model_12_el... | Modified ) Model C:/Documents and Settings/haker/Desktop/SegmentationT utorial/data/003/...
Model_14_a... | Modified Model C:/Documents and Settings/haker/Desktop/SegmentationT utorial/data/003/...
Al | Model 17_m... | Modified ] Model C:/Documents and Settings/haker/Desktop/SegmentationT utorial/data/003/...
Model_19_d... | Modified Model C:/Documents and Settings/haker/Desktop/SegmentationT utorial/data/003/...
=7

]
Maker! —1 |2

Creating Models - Save

Status Completed

- Save Scene — -X

Scene File: | (] C:/Documents and SettingshakerDesktop/SegmentationTutorialidata 03T 2a mrm |

Save Scene

Cancel |

[t
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B sosiee Conclusions

 The NA-MIC Kit can be used to perform the major
computational steps in MR-guided prostate
interventions

« Slicer3 provides an intuitive graphical user interface to
interact with the data

* The NA-MIC Kit's open-source environment allows
clinicians and researchers to share data and solutions
to common problems
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B o For more information

* For an example of using intraoperative MR for prostate
iInterventions, see:

Haker, S.J. et al., Magnetic resonance-guided prostate interventions.
Topics in Magnetic Resonance Imaging, 16(5):355-368 (2005).

* For a review of non-rigid image registration, see:

Crum, W.R. et al., Non-rigid image registration: theory and practice. The
British Journal of Radiology, 77:5140-S153 (2004).
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