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Material

This course requires the following installation:

* 3DSlicer version 3.6 Software, which can be installed from:

* A reliable internet connection for downloading the data

Disclaimer

It is the responsibility of the user of 3DSlicer to comply with both the terms
of the license and with the applicable laws, regulations and rules.

The module described in this tutorial was tested on Axial 3D SPGR T1 post
Gadolinium scans (Voxel dimension: 0.94mm x 0.94mm x 1.20mm, FOV.:
240mm, Matrix: 256 x 256)
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) sosiicer Data

This course is built upon two scans of a patient with
meningioma:

MR Scan 1 MR Scan 2
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Learning objective

Following this  ::----
tutorial, you'll be “
able to load two

scans into
Slicer3, and

measure and

‘‘‘‘‘

“ Manipuate Siice Views

visualize the
change in 1 HERE
volume of the
meningioma

between the two

scans.
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~3DSlicer

Overview

* Loading tutorial data

' I * Measuring volume change in tumors
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(/f®Y spsiicer

\ Part 1: Loading the
‘ tutorial data

© 2010, All Rights Reserved


http://na-mic.org/

Slicer3 GUI

File Edit View Window Help Feedback

The Graphical User =~ lM@@“Jﬂ@&@ara
Interface (GUI) of LR g oo

Slicer3 integrates . oEgE o
five components:

O a. ﬁ rI e U I

3D Sliceris a free open source software ;;ﬂarm fﬁﬂ lswng and 30 visualization of image data.
This module containg some basic informatiof and us: to Jet stalted using Slicer. Please see our website
hitp. ftwwwshcer urg and the ducumemanan on ourwwk\ fior more: information:

*the Module GUI ]

3D Sliceris distributed under BSD-styI e license; for \:II ils about the contribution and software license agreemant

tt Jhwwwi slicer orglegi-binilicense, fSIlcsr seForm.pl Th softwart h bee d signed for arch
a n e purposes only and has not been reviewed or approved bv Ih Food and Drug Administration, or by any uthEr agenw
Hint: to open any information panel below, click on its grey title bar.

*the 3D Viewer

*the Menu Toolbar

the Slice Viewer

......................

the Slice and 3D .. Slice and 3D
View Controller - View Controller

[ I 4

Slide courtesy of Sonia Pujol, Ph.D.
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Edit Wiew Wind oner

Help

Loading training dataset

Feedback

Select

= &=

ShangoTrack ar

By —

;e IDSlicer

-

Help & Acknowledgement

ChangTracker hag

Foundation btto:r

Click on

Acknowledgment to
access tutorial data

“ Manipulate Slice Wiews

-

Manipulate 30 Wiew

e | EEE e
| @ [ [l [2]
e | IR
File

heen developed and supported by Kilian
Fohl, Ender Konuksglu, Andriv Fedorovw and Slicer
community. Pl: Ro@Kikinis. Development of this module was
supported throug he funding from Brain Science
brainsciencefoundation araf

Modules—>Wizards
—->ChangeTracker

* Help & Acknowledgement

Helg | Acknovwledgement |

2

ChangTracker haz been developed and supported by Kilian Pahil,
Ender Konukaoglu, Andriy Fedaoroy and Slicer cammunity .
Development of this module was suppotted through the funding from
Brain Science Foundsation hitptteessewe brainsciencefoundsation.org)

< Load Tutarial data >

Press Load Tutorial
Data button to load the
training images

i

BRAINSCIENCE
FOUNDATION

=

=

© 2010, All Rights Reserved


http://na-mic.org/

3DSlicer

New Layout of Viewer

File Edit View Window Help Feedback
E‘ Mosdtes: ChangaTrack er E

£

[ ——

licer
“* Help & Acknowledgement I e W e r

He\p; Acknowledgement |

. ) BRAINSCIENCE

}FUUNDATIUN

ChangTracker has been developed and supponted by Kilian Pohl, Ender Konukoglu, Andriy Fedorov and Slicer
community. Pl: Ron Kikinis. Development of this module was supported through the funding from Brain Science
Foundation hitpfwww.brainsciencefoundation.orgi

Load Tutorial data

* Wizard

174, Define Scans

Selectfirst and second scan of patient

Select Scan
1. 3can None
2. Bcan None

* Manipulate Slice Views

0 3

* Manipulate 30 View

~5lice Viewers
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Part 2: Measuring
Volume Change
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The Workflow Wizard
of Slicer3 guides the
user through a
sequence of steps and
is defined by the
following components:

*the Step Panel
*the User Panel

*the Navigation Panel

Workflow Wizard

File Edit View Window Help Feedback

Woatss: | crargeTracker E sssss @ |
4
v

!;} 3DSlicer

¥ Help & Acknowledgement
* Wizard
1/4. Define Scans
Select first and second scan of patient
Select Scan

1. Scan Nane

2. Scan Nane

“ Manipulate Slice Views
(= @ LB EE E
“ Manipulate 30 View

iC)]

O

B2
LIS
LE[@E
L]l
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Select Scans

Fila  Fd#_ iaw  Whindaw  Haln  Faadhack

Select 2006-spgr and 2007-spgrz:..

‘l" iDSlicer o : g —

Fl

102 |24.644

¥ Help & Acknowledgement
“ Wizard

1/4. Define Scans

Selectfirstand second scan ofgy

Select Scan

1. Scan 2006-spgr.nrrd :
ne

2. 5can 2007-spar.nrrd #4007 -spgr.nrrd :

2006-spgr.nrrd

Rename...
Edit Properties

Delete...

. ClICK Next

“ Manipulate 30 View

2007 -spar.nrrd 4
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File Edit View Window Help Feedback
—

B 3DSlicer

GhangeTracker

¥ Help & Acknowledgement
* Wizard

1i4. Define Scans

Selectfirst and second scan of patient

Select Scan
1. Scan 200&-=pgr.nrrd
2. 3can 2007 -=pgr.nrrd

“* Wanipulate Slice Views

B & ELEE

“* Wanipulate 30 View

2007 spgr.nrrd

[ DIE @ B [l (4] 8] (6] [

ldentify Volume of Interest

&b %[0l

/]

Move sliders to
see the tumor

haone

4 2007-spgr.nrrd
2006-spgr.nrrd

Rename...
Edit Properties...

Delete

Next >

=

© 2010, All Rights Reserved


http://na-mic.org/

& Identify Volume of Interest
Identify VOI by clicking left

File Edit Wiew Window Help Feedback

o == PrEsEEEZgEmouse button around tumor
:} 3DSlicer ’ ?: = e _
N 102 [za.844 t
eeeeeeeeeeeeeeeeeeeee
Wiz,
ci

T P — = ==
Press Display
volume

rendering and
VOI label to
view region
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ldentify Volume of Interest

File Edit Wiew Window Help Feedback

VOI box widget and volume
BE| [ e | IRE @ B EE E
- |_render|ng of tumor in yellow

102 |24.544

¥ Help & Acknowledgement
* Wizard
2/4. Define Volume of Interest

Click right mouse buttan ta re-center YOI, use |eft buttan to resize

Define WOI

Display volume rendering and VOl l2vs! [ %] Reset

“* ROI'Widget Contrals: RAS Space

192" 10.46
LR Range: n n

' 1

1.7 4453
P-ARange: [

. 1

11.9

|-5 Range: | |Sel Fosterior-Anterior postion of the

|ROIBOXin RAS coordinates

Display clipping box |E| Interactive Mode [

Advanced Settings -
< Back Nest »

* Wanipulate Slice Views

BEENEE

* Manipulate 30 View

'm EE
' AEEE) - W

VOI is shown in blue
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& ldentify Volume of Interest

Adjust ROI by moving the ROl Widget Control sliders in
the Step panel, or by moving the ROI Widget handles in 3D

VI%WDEﬁne Volume of Interest \
«i&"' i
= e ____.__ = o ek
* e

Click right mouse button to re-center Wol, use left button 1
Define WOl

Dizplay volume rendering and Yol label |7 Re: ~

* ROl wWidget Controls: RAS Space

-21.6(
L-R Range: \

11.36
P-ARange: |

ROI Widge:cd bontrol sliders are color-coded B
to match ROI Widget handles in 3D Viewer  Press Next
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& Segment Tumor

File Edit Wie Window Help Feedback

BE — [ IEEE -@‘....---zChange Segmentatlon
B e D
ananananananan ’ual—uiﬂ_ % .
3D Viewer shows
e L || 'model of tumor with
“additional structures

* Manipulate 30 View

Slice Viewers show VOI |
with current Segmentation =
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Segment Tumor

Press Grid to view grid with original voxel

3 JUSILEr

= "%lmmam... BLaramied "%l

aTracker has been developed and supported by Kilian Ponl, Ender Konukoglu, Andriy Fedorov and Slicer
unity. PI: Ron Kikinis. Development of this module was supported through the funding from Brain Science
ation hitp:/fwww.brainsciencefoundation.orgé

Load Tutorial data |

rd

-Mentify Tumor in First Scan

& slider to outline boundary of tumor

| H— iy ! 200 spgrd = =

006 SPNT... ELpArSampled 2008 SPEAN... ELparSamiad

35 |-2.8848 I a7 |2s38

= Back Next = "'

* Wanipulate 30 View

¢ | EEEE &
1
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Segment Tumor

Press Slice to see the EEEECIEE S |
first scan in the 3D =
Viewer, then press Next I

FPEREREE: [ CE

Load Tutorial data

“ Wizard

3/4. |dentify Tumon First Scan

Move slider to @itline boundary of tumor

Identify Tumar -

Threshald: |80 207 =
— I i BE v 2@
Hena o —
Advanced Settin [, | = &l =i
: @H:”z“ _1_| 38 |2.8848
T

AR EE [

E
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Choose Metric Type

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

= snee- Choice of Metric: _
;/ 308!

* Detect change by analyzing
intensity pattern (fast)

ChangTracker has been developed and supported by Kilian Pohl, E

Foundation hﬂp:ﬂwww.hra\.nscwancefoundat oooooo al

uuuuuuuuu ..* Measure change by analyzing

deformation map (slow)

- A Al al
f— [l oo = P A g C

ol ene

Select Analyze Intensity —
Patterns (fast) and press '
Analyze

e 8
L

"

A

DI
DE
ElEE
HEE
In]
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Analysis |: Volume Preserving Registration

Before After

Pohl K, Konukoglu E, Fedorov A
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[2, 440.999] x [, 508.000] x [0, 1] [5,487.999]x [0, 1]
LI

Pohl K, Konukoglu E, Fedorov A
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A

(B} sosiicer

Analysis lll: Detect Change — Intensity Based

Compute statistics of Subtract Scan2 Define region of Determine probability
static tissue from Scan1 static tissue density function
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Analysis lll: Detect Change — Intensity Based

O

.

>

>

m

<

28

0p
Mode : Sensitive Moderate Robust
False Positive Risk: High Medium Low
Growth (mms3) : 1301 947 100
Growth (voxel): 1057 444 81

Konukoglu et al. ,“Monitoring Slowly Evolving Tumors”, ISBI, 2008
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Analysis |ll: Detect Change—

Deformation Map

| oK OF
[1 [

Mode : Segmentation | /Mode :
Growth (mm?3): 1386
Growth (voxels): 1126

Determine change
via mapping:

Compute diffeomorphic
mapping between scans

Growth (mm?) :
Growth (voxels): 1049

Compute
Jacobian

Jaccobian
1291

r Apply mapping to
segmentation
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Show Change in Pathology

File Edit Wiew Window Help Feedback

B E| [ QD E @ W | - -

@ 30Slicer ‘ ] =
I I 008 5pgr... SLperSamped —
A 36 [27.942
e -
D f. . t. .t f | .
Uevelopment of this module was supponted through the tunding from Brain Science |
zciencefoundation orgl

community. Pl Kon Kiking
Foundation htp:fheww b

|
Load Tutorial daa
“ Wizard
Analysis
Hone
" tonsity Patiort Analysi CHTrachor Andysia IntonsityDisplar 2006 spgrmd VIOl Bpersanpled
ritensity Pattern Anaysis - bt ol b z e KT 2 - - -
36 |27.042
Sensitive [ Moderate || Robust -
Shrinkage 154392 mm? (125 Voxels)
Growth 210,936 mm* (171 Voxels)
Total Change: 56.545mm® (45 Voxels)
r Save
Screenshot Analysis || Data
Results will be saved to directory
| Dfl_lsersfstuanwal\aceJSMcerjstuaﬂwallace i e
ks —l. - Hone

07 spgramd WOl Reg mom

“ Manipulate Slice Views

Show change in volume:
purple = growth
green = shrinkage
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,,gDs.icer Show Change IN PathOIOgy

You can hide slice controls to
have more screen space for
viewing the | |mages

(Y]

Lightbox View shows 5
consecutive slices for the

ROl in the first scan (top),
and in the second scan
(bottom)

dl=]] & 1[0
' o =1 11]

Results will be saved to directory:

You can SWItCh to (&,
Four-up layout or other
layout at any time.
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Define Working Directory

Select »to =
create directory

—

=15

ChangTracker has been developed and supported by Kilian Pohl, Ender Konukoglu,
Andriy Fedorov and Slicer community. PI: Ron Kikinis. Development of this module was
supported through the funding from Brain Science Foundation
http:/iwww. brainsciencefoundation.orgd

|\ Select Directory

1 o .
Loag Totoral st 08
5 Sites
* Wizard B [ Slicer3stuartwallace
Analysis a @11382
: |5 LocalRegional SegModule
TS T T | RobustStatistics SegModule
Intensity Pattern Analysis | = i 11497
Sensitive [#] Moderate || Robust @AB? _ 5 i
I3 Lesion SegmentationApplications
Shrinka_gei 134.392 mm: lg? xgizg |23 LocalRegional SegModule
iTgortD:;1 ghange zﬁg?éiaasr?r;: :45 Yoxels) D RobustStatistics SegModule
) VMTKCenterlines
- Save ) VMTKEasyLevelSetSegmentation P
| T 7 : [ VMTKLevelSetSegmentation
I Screenshot | | Ana\ysws 18 Data EI VimtkSlicerModule SEQ... SLparGamn—
Results will be saved to directory: ) VMTKVesselEnhancement
= 12195
QO usersistuarbwallacerslicsrdstuartyallace | 12794

312847
113419

Grid || Blice < Bac

* Manipulate Bice Views

Press directory button
g

ke el
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Define Working Directory

File Edit View Window Help Feedback

: —
@ EH woates: | oot |

ChangeTracker %
@ 3DSlicer
Y

ChangTracker has been developed and supported by Kilian Pohl, Ender Konukoglu,
Andriy Fedorov and Slicer community. Pl Ron Kikinis. Development of this module was
supported through the funding from Erain Science Foundation
httpeiwaw. brainsciencefoundation.orgd

o

Enter tutorial
and press OK

Folder name Etutoria\ K
| ( Ok \ | | Cancel |
\ 7

~—~ (=) LocalRegional SegModule
(=) RobustStatistics SegModule

O O O [X] Create nev

| Load Tutarial data

“ wizard

Analysis

Analysis of Tumor Growth

- Intensity Pattern Analysis B 511497
Sensitive Moderate Robust @ AH(; i s
) LesionSey pplication:

Shrinkage: 154392 mm? (125 Voxels)
Growth: 210938 mm? (171 Vaxels)
Total Change: 36545 mm? (45 Voxels)

() LocalRegional SegModule
|- RobustStatistics SegModule
) VMTK Centerlines

- Save ) VMTKEasyLevelSetSegmentation s —
T i m 7 ) VMTKLevel Set Segmentation =
| Screenshot !| Analysis | \ Data | D VmikSlicerModule ) |- srera.. supers st

Results will be saved to directory: ) VMTKVesselEnhancement
312185
12794
512847

113419 |

| [D/Usersistuartwallace/slicer3stuartwallace |

_ Grd | Slice

| _| | Cancel

* Manipulate Slice Views

®OLER

* Manipulate 30 View
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Save Screenshot

File Edit View Window Help Feedback

i gkl E m FeAmEale @

ChangeTracker

4 n 3DSlicer

o

ChangTracker has been developed and supported by Kilian Pohl, Ender Konukoglu,

Andriy Fedoray and Slicer community. Pl Ron Kikinis. Development of this module was
supported through the funding from Brain Science Foundation J
httpeiheww brainsciencefoundation.orgl

Load Tutorial data

Screenshot is saved to
Press Screenshot tutorial directory

Sensitive [ Moderate [ Robust

Groy 2nalysis els)
Total Change: 96.545mm® (43 Waxels)

Shrij Perform a very sensitive intensity |a

ave

0 spar 208 sprd 2006 spgrmd

alp b

al
i
al
-

Screenshot Analysis Data -SRI EUparGaT -SPEI... SLparS AT P SUPArS .

38 |27.542 38 |-2.6848

aved to directory:

stuarwallacerSlicerdstuarwallace/tutorial

M1

Grid Slice < Back

* Manipulate Slice Views

@O0

* Manipulate 30 View
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Save Analysis Result

File Edit “iew Window Help Feedback
= [ [ ]
. ChangeTracker
B 3DSlicer

= Outcome of analysis is

ChangTracker has been developed and supported by Kilian Pohl, Ender Konukaoglu,

Andriy Fedorov and Slicer community. FI: Ron Kikinis. Development of this module was - -

supported through the funding from Erain Science Foundation S ave O l | O rl a I re C O ry
PreSS na yS|S | O R W T

[ N o N ) =| AnalysisOutcome.log =
vuIzara T .'!;‘i ‘? —
) e Q~ String Matching
Analysis g il S S °
il Slel THMON G wth Sh_ow Log List Mowve to Trash Clear Display Insert Marker Reload Filter
Thiz file was generated by witkMrmChongeTrackerNode
Intensity Pattern Analysis Date: Wed Jun 9 15:41:25 PDT zZA1A4
Scanl_Ref : sUzerssstuartwal lacesSlicer3stuartwal laces2086-spar .nrrad
Senaitive Ioderate Robust ScanZ_Ref : AUsers/stuartwal lacesSlicer3stuartwal lace /20887 —spgr .nrrd
shr| Perform a very sensitive intensity o) ROT:
Grol @nalysis cls) Min: 112 8@ &3

Mox: 149 118 &7
Threshaold: [88, 287]
Aralysis based on Intensity Pottern

Total Change: 06.543 mm® (43 Voxels)

Save P
Sensitivity: B.96
Screenshi Data Intensity Metric:
) ) Shrinkoge: 154 .392mm€ (125.474 Yoxels)

Results will g saved to directog Growth: Z18.937mm€r (171.429 Voxels)

== Total Change: 56.545mme (45.9542 Voxels)
[L]Usersistual erastuartwallacefutorial

Grid Slice

View AnalysisOutcome.log
L@

* Manipulate 30 View

Size: 499 bytes

Lb: None:
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Save Intermediate Results

File Edit “iew Window Help Feedback

Moates: | ohagsmaker E IE ——

ChangeTracker

3DSlicer

i

ChangTracker has been developed and supported by Kilian Pohl, Ender Konukaoglu,
Andriy Fedorov and Slicer community. Pl Ron Kikinis. Development of this module was

supported through the funding from Erain Science Foundation J
http:iwwa brainsciencefoundation.orgl

|\ Save Scene and Unsaved Data

[aNaial
x

LoadiTutonial data Change Destination for All Selected: | (Cu riwallace/Slicer3st utarial
* Wizard
m’ Hode Type Mode Status | File Format File Name Data Directory E
Ane (SCEME) Modified Data.mrml (C¥Usersistuartwallace/Slice3stuartwallacetutorial
! re S S a a F.h... | Volume Modified NRRD (.nrrd) = | 2007-spgr.nrrd (C¥UsersistuartwallaceiSliceristuartvallace
Inte Volume Modified NRRD r.nrrd) ~| | 2006-spgr.nrmd [ ¥UsersistuartwallaceiSlicer3stuartwallace)]
Sensitive Moderate Robust Volume Modlified NRRD i.nrrd) = | 2006-spgr.nred_VOI_... | |[yU t Ntutorial
[¥] i | - g
i Perform a very sensitive intensity e Volume Modified NRRD r.nrrd) 2006-spgr.nmd_VOI_ [ ¥UsemsistuartwallaceiSlicer3stusrtwallace/tutorial
Gror analysis cls) Volume Modlified NRRD i.nrrd) ~| | 2007-spgr.nmd_Globa... | | t Ntutorial
2
Total Chenge: G6.54G mm® (43 Voxels) LinearTrans... | Modified Trarsform m v | Global LR = twallaceftutorial
Save Volume Modified NRRD (.nrrd) ~| | 2007-spgr.nmd_VOI ... | |CyUsersistuariwallaceilicersstuartwallaceftutorial M| "l

Screenshot Analysis

Results will be saved ta directory

DJUsersﬂstuanwallacaﬂSIicerestuanwallacanutanal

Grid Slice OK

= Back
* Manipulate Slice Views

=5@n0 ‘Press Select All and Save
=a5 « e O€lected

Lb: None

© 2010, All Rights Reserved


http://na-mic.org/

Finish Workflow

File Edit View Window Help Feedback

@ E L TLH ChangaTrack ot amd E saarchmodie s

4 ! = 3DSlicer
b

ChangTracker has been developed and supported by Kilian Pohl, Ender Konukogiu,
Andriy Fedorov and Slicer community. Pl Ron Kikinis. Development of this module was J

—

supported through the funding from Brain Science Foundation
http:iheww brainsciencefoundation.org!

Load Tutorial data
* Wizard
Analysis
Analysis of Tumor Growth
Intensity Pattern Analysis

Sensitive [ Moderate | Robust

shi| Perorm a very sensitive intensity o)
Groy analysis els)
Total Change: 56.545mm? (45 Voxels)

Save
Screenshot | Analysis Data
Results will be saved to directory:

(Diusersistuartwallace/Slicer3stuartvallacedtutorial

Grid | Slice | <Back

“ Manipulate Slice Views

W OE

* Manipulate 30 View
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& Overview

S8 Loading a scene

¥ N
3N
-t

S

' IMeasuring volume change in tumors
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Information

We tested the tool on Axial 3D SPGR T1 post
Gadolinium scans

(Voxel dimension: 0.94mm x 0.94mm x 1.20mm,
FOV: 240mm, Matrix: 256 x 256)

We expect the tool to work also on set of scans
that fulfill the following requirements:

same patient was scanned

scans were acquired with the same acquisition
protocol

scans have isotropic resolution
pathology appearance is hyper-intense
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