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s Learning Objective

- This tutorial demonstrates how to perform MR-CT and
CT-CT non rigid registrations.

- The case study IS liver tumor cryoablation
= ‘Non rigid MR- CT image registration

= — Pre-operated
g “Em nan =
MR image - i@ - —§

Intra-operated
target CT image
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f? Material

This tutorial requires the installation of the Slicer3.6 release
from source files. They are available at the following locations:

Slicer3.6 Build Instruction page

0

After building Slicer3.6, command “make edit_cache” at “[install folder]/
Slicer3.6-build/Modules”.
Select “ON” of “BUILD BrainsFitlGT” on ccmake screen editor.

(BUILD BRAINSFitIGT JFF
BUILD_BRAINSTOOLS ON
BUILD_DOCUMENTATION OFF
BUILD_SHARED_LIBS ON

BUILD_TESTING o
Press “c” then press “g” to generate new CMakeL.ists.txt.
After command “make”, you can use BrainsFitIGT module.
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f'? Material

This tutorial dataset is available at:
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Platform

e This tutorial was developed and tested on an Intel
MacBook Pro (2.3 GHz Core i7, 4GB).
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f? Overview

« CT-guided liver tumor cryoablation: clinical
background

* Preparing contrast enhanced MR image and
label data

* Preparing CT image and label data
« Performing non-rigid registration

« Applying the result Bspline transform to MR-intra-
CT registration

e Saving your work
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f'? Registration Between MR
and CT Images

In cryoablation, there are mainly three registration tasks as follows.

* Elhawary et al., Multimodality Non-rigid Image Registration for
Pre-procedure Contrast Planning, Targeting and Monitoring During CT-Guided Percutaneous
Enhanced MRI Liver Tumor Cryoablation, Acad Radiol 2010; 17:1334-1344

Registration

Transform T,T, {R_;g:]i::;ar::]o_? .
311

(3)

MR-CT Registration
Transform T,

Intra-procedure
unenhanced planning CT

(1)

Intra-procedure
unenhanced CT
with cryoprobes

Intra-procedure
unenhanced CT
with iceball

(2) CT-CT Registration
Transform T,

CT-CT Registration Transform T,
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/ ¥ Strategy Overview

« To accomplish each task, the plan will be as follows.

STEP: A B C D
. . Contrast . . . . . .
Process: Masking Enhancement Non-rigid Registration Bspline Waping
Edit N4ITK MR Bias ] BRAINS
Task . t2ax.nrrd t2ax-N4.nrrd t2ax-label.nrrd t2ax-REG.nrrd
(1 ) Input: e t2ax-label.nrrd CT-plan.nrrd CT-plan-label.nrrd
Output: | t2ax-label.nrrd | t2ax-N4.nrrd t2ax-REG.nrrd T1.tfm
Task _ CT-plan.nrrd CT-plan-label.nrrd
(2) Input CT-plan.nrrd CT-intra.nrrd CT-intra-label.nrrd
Output: |CT-plan-label.nrrd CT-plan-REG.nrrd ~ T2.tfm
Task  |pput:| CT-intra.nrrd ( * Tutorial dataset W g?’."REG'""d T2.tfm
* -intra.nrrd
(3) Mask data
Output: (CT-intra-label.nrrd , Deformed image MR-CT-intra.nrrd
put: . * Bspline transformation matrix “w iintra.nrr
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f'? Tutorial Format

Each slide has some information, that is, task
number, step, input and output as follows.

[RV ARV LVIVIVIED ]

Bl

A AR

Vv iU vvain

STEP: (A) B
. Load MR iImage Process: Masking Contrast
Input: t2ax.nrrd 2 Enhancemen
i 3 » N4ITK MR Bi:
1. Clickon Add Volume . . <
button Modules: Edit Correction
t2ax.nrrd
Input: t2ax.nrrd t2ax-label.nrrd

(1)

utput:

t2ax-label.nrrd

t2ax-N4.nrrd

Task

7 CT-plan.nrrd N

N\

2. Select “t2ax.nrrd” fromthe | = Inply
tutorial dataset. = 3 {

3. Check “Centered” 4 B Outpu;

4. Click “Apply”
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/

Figure of the previous Page
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(1) STEP:A
Mask of MR Image

Objective:

To make a mask file (t2ax-label.nrrd) which decides a
region of non-rigid registration
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Input: t2ax.nrrd

s (1)-A-1. Load MR image

1.
button

tor

Click on the “Add Volume”

~ D]

axt2

e 00

Fi Edit View Window Help Feedback

Load Scene... Cirl-O

Import Scene...

Download Sample Data -

Add Data... Cirl-A
| Add volume...

Add Transform...

Save Cirl-S

Close Scene Clrl-w

Exit

Select “t2ax.nrrd” from the
tutorial dataset.

Check “Centered”
Click “Apply”

8.00 I\] Add Volume
e N M5 X>) : [ ) DIcOMInformation
(5 IEEE_SwimmingRobotz011 [ || ser107img00054.dcm 523 KB - Fri Aug 261 Parse Directory Divide Subseries
© Lbrary serl07imy00055.dcm 523 KB Fri Aug 28 1 I
Cynet ser107img00056.dcm 523 KB Fri Aug 28 1 ——— A
: wigrio Cont
) Network ser107img00057.dem 523 KB Fri Aug 28 1 : "
Syopt ser107img00058.dcm 523 KB Fri Aug 28 1 107 -(7697/81253..336)-(7897/8/1..84) (84 files)
i decm 523 KB Fri Aug 28 1 fcm eri22714034-24)
© paraliels-virt ni er g
) private ser107img00060.dem 523 KB Fri Aug 28 1
) shin ser107img00061.dcm 523 KB Fri Aug 28 1
=) simmingRobot.graffle serl07img00062.dem 523 KB Fri Aug 26 1
) System ser107img00063.dcm 523 KB Fri Aug 28 1
=™ ser107img00064.dcm 523 KB Fri Aug 28 1
@ [ Users ser107img00065.dem 523 KB Fri Aug 28 1
B [ ayamada ser107img00066.dcm 523 KB Fri Aug 28 1
5 3D Slicer Version 3.6.3 ser107img00067.dcm 523 KB Fri Aug 281
O cups ser107img00068.dcm 523 KB Fri Aug 28 1
) fontconfig ser107img00069.dcm 523 KB Fri Aug 28 1 —
© -subversion 5er107img00070.dcm 523 KB Fri Aug 26 1 Patients Age 086Y
) .Trash ser107img00071.dcm 523 KB Fri Aug 28 1 Patient's Weight | 74.843
O Xeode ser107img00072.dcm 523 KB Fri Aug 281 Additional Patie... | Not printable
@ () Applications serl07img00073.dcm 523 KB Fri Aug 28 1 20 GAD
@ () case21-20090825-liver ser107img00074.dcm 523 KB Fri Aug 28 1 -
) 1sticeballCT_20090824 serl07img00075.dem 523 KB Fri Aug 26 1
D22nd034 ser107img00076.dcm 523 KB Fri Aug 26 1 Sequence Variant | SSISK
) 22714034-24MR ser107img00077.dcm 523 KB Fri Aug 28 1 Scan Options FAST_GEMSY:
) ndiceballCT_2009062 ser107img00076.dcm 523 KB Fri Aug 28 1 30
=) CTPianning_20090825 Serl07img00079.dom 523 KB Fr Aug 28 1 g -
Q prepare ser107img00080.dcm 523 KB Fri Aug 281 2
(=) probeCT2_20090825_1 5er107img00081.dcm 522 KB Fri Aug 28 1 Slice Thickness | 4.4
=) probeCT_20090625_1( ser107img00082.dcm 522 KB Fri Aug 28 1 Repetition Tine | 4.42
O)scenez - ser107img00083.dcm 522 KB Fri Aug 28 1 Echo Time 2136
5 livers-19-21 ¥ || sero7imgoousadem 522 KB FriAug 281/ ||| srvmecion Tima 5
= T = = = .
Path: IiL 325-liver/22714034. 107img00084.dem
Volume
W Ignore File Orientation Label Map. Single File
Recert Volumes: | . _ | | Browse to CAD p——

%
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f? (1)-A-2. Segmentation of
Liver

To decide non-rigid registration area, the liver will be masked

800 \| 3D Slicer Version 3.

File Edt View Window Help Feedback

BI&E]| e el M DI @ B @) 2] @ @] & (@ 2 E E) (G R ) & -

o3
B Slicer el : 2

¥ Help & Acknowledgement

“ Create & Select Label Maps

Master Volume: axt2 o
Merge Volume: axt2-label Set a s k I I n
Per-Structure Yolumes
“ Edit Selected Label Map
Label |1 :D R B
Active Tool: Draw. YARvA ]
= i
Pairt Over: LR - /
Threshold Painting: B & /'/
REARET
L I =
" Cancel| | Apply || @ uUndoRedo | (&) Reemm 0 <R M 0 IS §  Reema =|d
<] =
256 [0.41015

* Manipulate Slice Views

BEDNEEEEREE

“ Manipulate 3D View

axt2 RAS: (-0.8,324.2, -3.3), By lK: (256, -140, 40), Lk: Out of Frame , Bg: Out of Frame,
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s (1)-A-3. Preparation

Output: t2ax-label.nrrd (made automatically when Editor is worked)

1. Go to the “Editor’” module 4. Select “Show label volume
outline” to confirm the
segmented area easily

2. Click “Apply” on the small window
about Color table

e nn \ 3D Slicer Version 3.6.3 1.0
eate a merge label map for selected master volume Output Image Yolume. i

Cr

1 New volume will be Output Image Volume-label.

+ Select the color table node will be used for segmentation labels.
Col

|
1
|
!
1

lor Table: GenericAnatomyColors

al
-

Cancell Apply I
2 4

3. Select “Draw” button of the module
pane to segment liver with label 1

“ Edit Selected Label Map
3 N
Active Tool: Drawy 4. 0
@ Draw @
Paint Over: 'E]' @ A
Threshold Painting: &
RS
i — .,
P Cancel| | Apply || @ UndoRedo
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s (1)-A-4. Segmentation of Liver

mmmmm

]
H
i
(==l
]
(==l

R: 235
A 231

Bg: 139.0

1. Draw the line by 2. Draw the line 3. Double click the right

freehand with left continuously button of the mouse
click of mouse around the liver near the start point
around the liver for closing the line
H , “ Edit Selected Label Map
Tips! —
If line is not good, delete the line by | o é &
surrounding the new line with label 0 ea
| | :, ’
B Cancel| | Apply UndoRedo
National Alliance for Medical Image Computing © 2011, All Rights Reserved
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s (1)-A-5. Segmentation of Liver

4. Get segmentation for each slice image showing liver and check the
segmentation by using other planes
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(1) STEP:B
Make Contrast Enhanced MRI

Objective:
To make a contrast enhanced MR image (t2ax-N4.nrrd)
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I (1)-B-1. MR Bias Correction

To obtain contrast enhanced MRI, “N4ITK MR Bias Correction” module

Is introduced.

1. Go to the “N41ITK MR
Bias Correction” module
from “Filtering” category
of module list

1000

File Edit View Window Help Feedback

Modtks:  WATKIRIBGE corec

‘ @ DSlicer
|

¥ Help & Acknowledgement

“ N4ITK MR Bias Correction

|| * N4 Parameters

Ou

Number

Convergence t

BSpline gric

¥ Advanced N4 Parameters

Default

‘ “ Manipulate Slice Views

Spline

All Modules

Color

Data

Ecitor
Fiducials
Measurements
Models

ROl
Slicerwelcome
Slices
Transtorms
VolumeRendering

Volumes

Wizards
Informatics
Registration
Segmentation
Quartification

Endoscopy
Developer Tools

4D

Diffusion Weighted -

Utiities

Work in Progress

EEDEEEEEE

| * Manipulate 3D View

=1 0 e

\! 3D Slicer Version 3.6.3

HiRIRIElElE|R]EE] =] &b 1[0

ftus Idle

<ol L] ] e

@ N4ITK MRI Bias correction

“  Extract Skeleton
“ 4 Histogram Matching

7 2 Image Label Combine

MRI Bias Field Correction
Otsu Threshold

Resample Scalar Volume

Resample Scalar/VectorDiA Yolume
Threshold Image

Vating Binary Hole Filing

Arithmetic

=
e B

R 72304

4.
[EE
8
Ay

R 6583

=
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I (1)-B-2. Contrast Enhancement

Input: t2ax.nrrd and t2ax-label.nrrd, Output: t2ax-N4.nrrd

2. Parameters: Input image = t2ax, — SATH M e Comocion
Mask image = t2ax-label, Output i Ll
volume = create new volume and s
name It “t2aX-N4” Input Image | none :
3. Click “Apply” 2 < El
4. Save the t2ax-N4.nrrd and t2ax- Output bias feld image | None |-~
label.nrrd in the working directory

Number of terations |1 50,100,550

5 . C | Ose SI ICe r3 Convergence threshold ]0.0001

BSpline grid resalution [1,1,1

Spline distance ]D

Shrink factor ’4

¥ Advanced N4 Parameters

Default _ 3 Apply
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(2) STEP:A
Mask of Planning-CT Image

Objective:

To make a mask file (CT-plan-label.nrrd) which
decides a region of non-rigid registration
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I (2)-A. Segmentation of Liver

Input: CT-plan.nrrd, Output: CT-plan-label.nrrd, CT-plan.mrml

1. Operate the STEP: A for planning-CT image. Load “CT-plan.nrrd”
from the dataset. Label data will be “CT-plan-label” automatically.

2. Save “CT-plan-label.nrrd” and Scene file as “CT-plan.mrml”. Click on

the “Save” button.

e O

File | Edit ‘iew Window Help Feedback

Load Scene... Ctrl-O i

Import Scene... ‘kme - EI E ‘mmmjl
Download Sample Data
Add Data... Ctrl-A
Add Volume...
Add Transform...
I Save Ctrl-S

Close Scene Clrl-wy ’
L

Exit
T ,3DSlicer
\AE Sversig:ne3.6 W e

3. Close Slicer3
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(1) STEP:C
Non-rigid Registration

Objective:

To obtain a warped image (t2ax-REG.nrrd) and
Bspline transform matrix (T1.tfm)
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s (1)-C-1. Non-rigid Registration

By using the image and label data obtained the process so far, non-rigid
registration will be obtained.

(L NeN$) X! 3D Slicer Version 3.6.3

1. Go to the "BRAINSFitIGT" - ====
module from “Registration” &=« =
category of module list NN

Data
Editor

Models
ROl
Sicerielcome e
. Sices
Input Parameters
Transforms
Fixed I A vrolumeRendering =
Volumes N
Movir
Wizards .
“ Registration Phases To Use )
Informatics -
Iniialize with previously gener  Registration r
Segmentetion "
Iniiglize with Mo o ! Transforms
Quartification "
Intialize with Geometryc ACPC Transform
Diffusion “ A Fast Rigid registration
Intialize with Certer0 1 |
7 A\ Fast Affine registration =
Iniiaize with Center r r
Fitering “ A Fast Nonrigid BSpine registration (@] Hore =
] Surtace Models A Expert Automated Registration 2w 2l
clude Seal  Converters 7 A Linear registration R |ss83
Include (e, Endoscopy “ # Test GridTransform registration
N D2VERer To0s A piccrentor
ol 4 > Model Transform
BRAINSDemonan
Include f Diffusion VMygted ®
. Utiies
Output Seftings (At Least One OutpL & BRAINSFHIGT

Work in Progress
Slicer BSpine Transform | BR. m

BRAINSVectorDemoriarping

Manipulate Sice Views CongealingCLI

W EONEE

“ Manipulate 3D View Surface Registration

Fiducial Registration
Robust Multiresolution Affine Registration
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s (1)-C-2. Preparation Step

Input: CT-plan.mrml, t2ax-N4.nrrd and t2ax-label.nrrd

2. Start Slicer3 4. Click on the “Add Data” and select
3 Click on the “Load Scene” t2ax-N4.nrrd and t2ax-label.nrrd.
For the t2ax-label.nrrd, check
“LabelMap” check box and click on
the “Apply”

and load CT-plan.mrm|

800 800 I\ Add D
Clear Entries ‘ Select AII‘ Select None | Label AII‘ Label Norit, Centered Al ‘ Centered None gerBundle All ‘ FiberBundiehone
vers \
e Fie Map | Conterea | rwergundie [AY
g:im & Jsersfay \pplicationslivers-19- -1, ‘olume
yamad: PF
resktop I P 1arannlicatione i
eeeeeee fUsersfay \pE vers-19-21/axt2.nrrd | Volwpe | axt2
nnnnnnn ts
nnnnnnnn
ibrary
fovies
{usic
iiiii
ublic
iites
licer3ayamada
amada-Mig
ared =
noko 7
7 |7 N | =
= s T Y
eeeeeeeee [sticerScene-cT2mmi Open
e [Soen ncel j! Add from Current Directory | | Add Directory ‘Add File(s)l Apply ICanceL
A 2
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s (1)-C-3. Registration Step

Input: CT-plan.nrrd, t2ax-N4.nrrd, CT-plan-label and t2ax-label

Set “BRAINSFitlIGT” module parameters as follows

1. Set Fixed image volume = “CT-plan’,
Moving image volume = “t2ax-N4"

2. Set BSpline transform = create a new
transform and name it “T1” and Output
Image volume = create a new volume
and name it “t2ax-REG”

3. Set Input fixed mask = “CT-plan-label’,
Input moving mask = “t2ax-label”.
Check “ROI” of Mask Proceeding

“ Input Parameters

Fixed Image Yolume | none

Moving Image Yolume | None

“ Qutput Settings (At Least One Output Must Be Specified.)

Slicer BSpline Transform | pone

Slicer Linear Transform | none

Output Transform | pone

Output Image Yolume | None

Output Image Pixel Type [W] float short ushort int
uint uchar
“ Control Of Mask Processing
Mask Processing Mode [ NOMASK [ | ROIAUT® [X] ROI
Qutput Fixed Mask (ROIAUTO only) | Nope -
Output Moving Mask (ROIAUTO only) | None

Input Fixed Mask (ROl only) | nNone ) (1=

put Moving Mask (ROl onl

National Alliance for Medical Image Computing
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s (1)-C-4. Registration Step

Output: T1 and t2ax-REG

4. Check “Initialize with CenterOfROIAlign

7 11

registration phase”, “Include Rigid

n 13

re g i S t ra ti O n p h a S e ’ I n CI u d e Initialize with previously generated transform | yone

Initialize with MomentsAlign registration phase

“ Registration Phases To Use

Intialize with GeometryCenter Align registration phase

ScaleVersor3D registration phase”,

Initialize with CenterOfROIAlign registration phase

“Include ScaleSkewVersor3D

Include Scaleersor3D registration phase
” 11

registration phase”, “Include Affine

Include Affine registration phase

¥ 8 © & &

Include BSpline registration phase

registration phase” and “Include ROI

=]

BSpline registration phase”
5. Click “Apply”

6. After about 39 sec (on the test environment), you can see
the moved and deformed t2ax-N4 image as “t2ax-REG”.

National Alliance for Medical Image Computing 2011, Al Rights Reserved
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s (1)-C-5. Result

1. Select “12ax-REG” at Background
layer and “t2ax-N4" at Foreground
layer. The deformation can be seen.

2. Select “t2ax-REG” at Background
layer and “CT-plan” at Foreground
layer. You can see that the shape of
the liver on MRI was deformed and
fitted the liver on CT image.

5]
(==

[&]
[=[=h

(5]

i
[=[=h
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s (1)-C-6. Save the scene

Output: T1.nrrd, t2ax-REG.nrrd and t2ax-REG.mrml

1. Save “T1.nrrd” and “t2ax-REG.nrrd” and this scene as
“t2ax-REG.mrml”. Click on the “Save” button.

S NO

File | Edit ‘iew Window Help Feedback

Load Scene... Ctrl-O

Import Scene... i - E IZ‘ E ‘Ham e
Download Sample Data

Add Data... Ctrl-A

Add Volume...

Add Transform...

Save Ctrl-S

Close Scene Cirl-wy

Exit , { "H .
B sosiicer \ye

3. Save these files in the working directory and close
Slicer3
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(3) STEP:A
Mask of Intra-CT Image

Objective:

To make a mask file (CT-intra-label.nrrd) which
decides a region of non-rigid registration

National Alliance for Medical Image Computing
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f? (3)-A. Load intra-CT image

Input: CT-intra.nrrd, Output: CT-intra-label, CT-intra.mrml

To obtain non rigid registration between MR and intra-CT images, CT-CT
registration transform T, will be obtained in Task 2.

1. Operate the STEP: A for intra-CT image. Load “CT-intra.nrrd” from
the dataset. Label data will be “CT-intra-label” automatically.

2. Save “CT-intra-label.nrrd” and Scene file as “CT-intra.mrml”. Click on
the “Save” button.

3. Close Slicer3

National Alliance for Medical Image Computing 2011, Al Rights Reserved
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(2) STEP:C
Non-rigid Registration

Objective:

To obtain a warped image (CT-plan-REG.nrrd) and
Bspline transform matrix (T2.tfm)
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s (2)-C-1. Non-rigid Registration

By using the image and label data obtained the process so far, non-rigid
registration will be obtained.

(L NeN$) X! 3D Slicer Version 3.6.3

1. Go to the "BRAINSFitIGT" - ====
module from “Registration” &=« =
category of module list NN

Data
Editor

Models
ROl
Sicerielcome e
. Sices
Input Parameters
Transforms
Fixed I A vrolumeRendering =
Volumes N
Movir
Wizards .
“ Registration Phases To Use )
Informatics -
Iniialize with previously gener  Registration r
Segmentetion "
Iniiglize with Mo o ! Transforms
Quartification "
Intialize with Geometryc ACPC Transform
Diffusion “ A Fast Rigid registration
Intialize with Certer0 1 |
7 A\ Fast Affine registration =
Iniiaize with Center r r
Fitering “ A Fast Nonrigid BSpine registration (@] Hore =
] Surtace Models A Expert Automated Registration 2w 2l
clude Seal  Converters 7 A Linear registration R |ss83
Include (e, Endoscopy “ # Test GridTransform registration
N D2VERer To0s A piccrentor
ol 4 > Model Transform
BRAINSDemonan
Include f Diffusion VMygted ®
. Utiies
Output Seftings (At Least One OutpL & BRAINSFHIGT

Work in Progress
Slicer BSpine Transform | BR. m

BRAINSVectorDemoriarping

Manipulate Sice Views CongealingCLI

W EONEE

“ Manipulate 3D View Surface Registration

Fiducial Registration
Robust Multiresolution Affine Registration
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s (2)-C-2. Preparation Step

Input: CT-intra.mrml, CT-plan.nrrd and CT-plan-label.nrrd

2. Start Slicer3 4. Click on the “Add Data” and select
3 Click on the “Load Scene” CT-plan.nrrd and CT-plan-label.nrrd.
For the CT-plan-label.nrrd, check
“LabelMap” check box and click on
the “Apply”

and load CT-intra.mrml

800
ierBundle All| FiberBundleMone
Map | Centered | FiberBundie |/AY
lice!
lice
PF
eskiop 1. P 1a s T i
vvvvvvv fUsersfay \pf vers-19-21/axt2.nrd | Volwgpe | axt2
nnnnnnn ts
nnnnnnnn
ibrary
fovies
{usic
iiiii
ublic
iites
licer3ayamada
amada-Mig
ared =
noko
i 7 N |
= s T Y
eeeeeeeee [sticerScene-cT2mmi Open ;
Files of type: [Scenes (mrml xml xcat) 7| o | Add from Current Directory | | Add Directory [Add File(s) | | Apply Cance'/
Z 4
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s (2)-C-3. Registration Step

Input: CT-intra.nrrd, CT-plan.nrrd and CT-plan-label

Set “BRAINSFitlIGT” module parameters as follows

1. Set Fixed image volume = “CT-intra”,
Moving image volume = “CT-plan”

2. Set BSpline transform = create a new
transform and name it “T2" and Output
Image volume = create a new volume
and name it “CT-plan-REG”

3. Set Input fixed mask = “CT-intra-label”,
Input moving mask = “CT-plan-label”.
Check “ROI” of Mask Proceeding

“ Input Parameters

Fixed Image Yolume | none

Moving Image Yolume | None

“ Qutput Settings (At Least One Output Must Be Specified.)

Slicer BSpline Transform | pone

Slicer Linear Transform | none

Output Transform | pone

Output Image Yolume | None

Output Image Pixel Type [W] float short ushort int
uint uchar
“ Control Of Mask Processing
Mask Processing Mode [ NOMASK [ | ROIAUT® [X] ROI
Qutput Fixed Mask (ROIAUTO only) | Nope -
Output Moving Mask (ROIAUTO only) | None

Input Fixed Mask (ROl only) | nNone ) (1=

put Moving Mask (ROl onl
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4.

5.
6.

s (2)-C-4. Registration Step

Output: T2 and CT-plan-REG

Check “Initialize with CenterOfROIAlign

7 11

registration phase”, “Include Rigid

n 13

re g i S t ra ti O n p h a S e ’ I n CI u d e Initialize with previously generated transform | yone

Initialize with MomentsAlign registration phase

“ Registration Phases To Use

ScaleVersor3D registration phase”, R

Initialize with CenterOfROIAlign registration phase

“Include ScaleSkewVersor3D

Include Scaleersor3D registration phase

PN 11

registration phase”, “Include Affine

Include Affine registration phase

¥ 8 © & &

Include BSpline registration phase

registration phase” and “Include ROI
BSpline registration phase”
Click “Apply”

=]

After about 23 sec (on the test environment), you can see
the moved and deformed CT-plan image as “CT-plan-REG”.
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s (2)-C-5. Result

1. Select “CT-plan-REG” at Background
layer and “CT-plan” at Foreground
layer. The deformation can be seen.

2. Select “CT-plan-REG” at Background
layer and “CT-intra” at Foreground
layer. You can see that the shape of
the liver on CT-plan was deformed
and fitted the liver on CT-intra image.

|
e

vvvvvv

8]
Bl
[EE
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s (2)-C-6. Save the scene

Output: T2.nrrd, CT-plan-REG.nrrd and CT-intra-REG.mrml

1. Save “T2.nrrd” and “CT-plan-REG.nrrd” and this scene as “CT-intra-
REG.mrml”. Click on the “Save” button.

oS NO

File | Edit ‘iew Window Help Feedback

Load Scene... Ctrl-O —
ke come — ;é; ’:»:ar\:lmx:-jl

Import Scene... E IE E

Download Sample Data

Add Data... Ctrl-A

Add Volume...

Add Transform...

Save Ctrl-S

Close Scene Cirl-wy

Exit
T " 3DS i
B sosiicer \ye

3. Save these files in the working directory and close Slicer3
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(3) STEP:D
MR-Intra-CT Image Registration

Objective:

To obtain a warped image (MR-CT-intra-REG.nrrd) by
using t2ax-REG.nrrd, CT-intra.nrrd and T2.tfm.
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s (3)-D-1. Preparation Step

Input: CT-intra.mrml, t2ax-N4.nrrd t2ax-REG.nrrd and T2.tfm

1. Start Slicer3 3. Click on the “Add Data” and select
2 Click on the “Load Scene” t2ax-N4.nrrd, t2ax-REG.nrrd and

and load CT-intra.mrml T2.tfm. Click on the “Apply”

800 LX) Select File e 0o I\ Add Data
S « 5 N[ tame Size ified t
Clear Entries ‘ Select AII‘ Select None | Label AII‘ Label None | Centered Al ‘ Centered None ‘ FiberBundle All ‘ FiberBundiehone
File Type Name LabelMap | Centered | FiberBundle IS
fUsersfay \pplicationsflivers-19-21/axt2-lab... | Volume | axt2-label |
] fUsersfay \pplicationsflivers-19-21/axt2-N4.... | Volume | axt2-N4
= fUsersfay ja/Applicationsflivers-19-21/axt2.nmrd Volume | axt2
il
{usic
iiiii
ublic
iites
licer3ayamada
amada-Mig
ared =
noko 7
7 7 {5=
s IS I {
eeeeeeeee [sticerScene-cT2mmi
wwwwwwwwwww [scenes Cmrmi sl xcaty Cancel i Add from Current Directory | | Add Directory ‘ Add File(s)| | Apply Cance'/
Z
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s (3)-D-2. BSpline Warping

Input: t2ax-REG.nrrd, CT-intra.nrrd, T2.tfm, Output: MR-CT-intra.nrrd

“ BRAINSResample

1. Go to BRAINSResample module earameter st -

2. SetImage To Warp = “t2ax-REG”, ) Status Conpete
Reference Image = “CT-intra”,
Output Image = create a new volume
and name it “MR-CT-intra”, Warp By .

-

Image ToWarp | cT. EG  —

Reference Image | ¢T. ra

40 4

Translation = “T2.tfm”. Y o P
Py . " . Pixel Type [ float [ | short ushort [ |int
3. CheCk BSpIIne Of Warplng uint uchar binary
P a ra m ete rS “ Warping Parameters
Deformation Field | ¢ :
4 . CI ICk “Ap ply” Warp By Transform | T2tim - :
5 ] Aft e r a b O ut 6 S e C ( O n th e t e St Interpolation Mode || NearestNeighbor i fLin:i IIEl 2Spline WindowedSinf

environment), you can see the
moved and deformed t2ax-REG
image as “MR-CT-intra”.

¥ Advanced Options

Default Apply
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44 (3)-D-3. Result

1. Select “MR-CT-intra™ at Background
layer and “t2ax-REG” at Foreground
layer. The deformation can be seen.

2. Select “MR-CT-intra” at Background
layer and “CT-intra” at Foreground
layer. You can see that the shape of
the liver of MR-CT-intra was deformed
and fitted the liver on CT-intra image.

]
EE |
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f? Conclusion

3D Slicer with BRAINSFitlGT module allows performing
non-rigid image registration.

3D Slicer with BRAINSResample module allows
performing non-rigid image deformation using Bspline
transform matrix.

In cryoablation of liver case, the distance between
cryoprobe on CT image and tumor on MR image can be
confirmed easily by using the non-rigid MR-CT image
registration.

National Alliance for Medical Image Computing

f © 2011, All Rights Reserved
http://www.na-mic.org



s Acknowledgments

National Alliance for Medical Image Computing
NIH U54EB005149

National Alliance for Medical Image Computing

. © 2011, All Rights Reserved
http://www.na-mic.org



