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s Learning Objectives

« acquire familiarity with several MR
sequences commonly used for
TBI imaging

« Jlearn how to apply ABC to
perform joint co-registration and
automatic segmentation of TBI
volumes

* acquire expertise on how to
identify and characterize TBI
pathology using various MRI
sequences

e gain exposure to informed
strategies for quantification of
TBI-related edema or hemorrhage
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s Pre-requisites

 This tutorial assumes that you have already
completed the following tutorials:

— Slicer 3 Visualization Tutorial by Sonia Pujol, available at

— Interactive Editor Tutorial by Sonia Pujol, available at
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f? Material

This tutorial requires the installation of the
Slicer3.6 release and the tutorial dataset. They
are available at the following locations:

Slicer3.6 download page

Tutorial dataset: TBISegmentationData_ TutorialContestSummer2011.zip

National Alliance for Medical Image Computing

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



f? Platform

 This tutorial has been developed using the
Windows 7 platform. It is compatible with the
following platforms:

 Windows XP, Windows 7

* Linux 32, Linux 64
 Mac/Darwin
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f? Overview

 Clinical background
e Clinical workflow
 installation of the ABC module

loading and exploration of TBI data
understanding common MR sequences for TBI

automatic segmentation of TBI using ABC

generation of 3D models
* |lesion segmentation and model generation
« Conclusions
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/
Traumatic Brain Injury (TBI)

Every year, an estimated 1.7 million traumatic brain injury (TBI) cases
occur in the United States alone, with an estimated 1.2 million
emergency room visits and over 50,000 deaths.

Over 5.3 million Americans currently require long-term daily assistance
as a result of traumatic brain injury (TBI), which occurs to 1.7 million US
residents every year and results in health care costs of over $60
billion/year

Despite  many innovations, progress towards patient-tailored
characterization of the structural and functional substrates associated
with TBI-related neural and cognitive impairment remains dissatisfactory
and the relationship between neurophysiological markers of cognitive
dysfunction and TBI structural damage has not been acceptably
elucidated

3D Slicer offers a powerful and unparalleled set of tools for the
exploration and quantification of TBI
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A3 Installing ABC

File Edit [View| Window Help Feedback

I Extension Manager slash
@ IE Cache & Remote VO Manager

Application Settings F2

] 1

» After Slicer has been loaded, the Welcome

window will appear.

* To install the ABC module:

* 1 — Click on View - Extension Manager

e 2 — Click on Next

3 — Select ABC from the list of modules

« 4 — Click on Next; you will be prompted
to specify the local hard drive location for

ABC

« 5 — After installation, you must select
Restart 3D Slicer now for the changes to

take effect

B} 3D Slicer Version 3.64-beta 1.0 *

Extensions Management Wizard

-
B} 3D Sicer Version 3.64-beta 10 \ 4 =5

Extension Management Wizard

Select extensions, then click uninstall to remove them from
your version of 3 Slicer, or click download to refrieve them

@ | & |zec

L™

i
@ ExampleLoadableModule

Ll |

Download and Install selected extensions..

<Back ff| Next» 4 Cance!
|
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Edit View Window Help

Load Scene... Ctri-0
Import Scene... I
| " »
1 Add Data... Ctri-A
Add Volume...
Add Transform...
Save Ctrl-S
Close Scene Ctriw
Exit 1
B} Add Data ‘ = B8] X
° After Slicer has been Ioaded the Clear Enln‘esr Select All | Select None || Label All | Label Noner Centered All| Centered None | FiberBundie All | FiberBundieNone
’ Select | File Type Name | LabelMap | Centered | FiberBundle Jis

Welcome window will appear.

* TO Ioad the TBI VOIumeS aSSOCiated |Add from Current Directory | | Add Directory rméﬂs—)l_i\ppry Cancel
With the Case Study h lAﬁdﬂftlellrmulhpleﬁleslclhelistuf r

* 1 —Click on File > Add Data 8 st e ‘1’ ,
A e 1) — -
2= Click on Add File(s) T

i) 2011-04-05-SiN-abstract

@ ) 2011-04-12-images

3 — Navigate to the data folder il ‘

and Sort the Volume flIeS |n File name: I'MPVRAGE,nigz"FLAIR,nilgz"GRE,nigz"SWIm‘lgz' I Open I
descending order by size. This [==r™C [ Lo
will ensure that all files are later [ g uaom \ 4 =@ = |
processed in proper Order- ‘L”.Iear Entries SelectAII' Select None LabeIAII' Label None CenleredAﬂ' Centered None. FlberBundleAII.FlberBundleNune‘

Select | File LabelMap | Centered | FiberBundle J

= C:/Users/aitimia/Documents/TBI/2011-0519-NA-MIC-... | Volume | MP-RAGE. nii
C:/Users/aitimia/Documents/TBI/2011-05-19-NAMIC-... | Volume | FLAIR.nii
C:/Users/aiimia/Documents/TBI/2011-05-13-NAMIC-... | Volume | GRE.ni
C:/Users/airimia/Documents/TBI/2011-05-19-NAMIC-... | Volume | SWl.nii

4 — Click on Open

5 — In the Add Data dialog box,
click on Apply

[ ]
L mmm

'n
5

Add from Current Directory | | Add Directory | | Add File(s)| | Apply§ | Cancel
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s Exploring the data

« 4 TBI data volumes are provided for this tutorial: MP-
RAGE, FLAIR, GRE, and SWI.

« MP-RAGE: this is an anatomical volume acquired
using a T1-weighted sequence, in which white matter
has higher intensity than gray matter 1

» To explore a TBI-related lesion in this patient:
* 1 —link the views using

« 2 — select the MP-RAGE.nii volume from the
background drop-down menu (@)

« 3 — navigate to slice 112 using the slider (_LJ)

« The lesion associated with open-head TBI
becomes apparent as a hypo-intensity located in
the parieto-occipital region (see circle to the right)

v MP-RAGE.nii

Adal
5 -
O[]l

ORI

GRE. nii
SWl.nii

Rename...
Edit Properties...
Delete.
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s Exploring the data

* To locate the lesion more accurately within the head:
* 1 — navigate to slice 179 in the sagittal view
« 2 —navigate to slice 79 in the coronal view
* The lesion and open head injuries are now apparent on all three views
 Similar exploratory navigation can reveal the lesion in FLAIR, GRE, and SWI volumes

] " o None -2 & sagma — [ 2[@] None — 2 & — =@ - —=
@ Nore — : MP-RAGE ni = @ “ame —_ : MP-RAGEQL 1 — |5 N =] = MP-RA — =
O =] ]| L1 12 [e3se2 [ @][#] ]| L1 179 f23735 (@[]~} | 70 G278
5
o —
. p
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-
Exploring the data

e e
[=][=]I

AR

MP-RAGE T1 FLAIR GRE T2 SWI
» Use of multiple image channels provides complementary information on pathologies
« T1 is a standard volume, with good anatomical resolution and high WM/GM contrast
* FLAIR is excellent for revealing CSF-perfused lesions as image hyper-intensities
» T2 GRE is useful for discerning areas associated with hemorrhages

« SWI is suitable for the detection of micro-bleeds and is superior to GRE in this respect
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Configure ABC

» To load ABC, click on: | ii"u‘a, Aol
Parameter set = l
* 1 —Modules - All Modules - ABC [orete new comanatioase | 2
« The ABC interface appears. To specify input data:

« 2 — click Parameter Set - Create New ‘; 1- - |

File Edit View Window Help Feedback
B E]| v p— Rl wn I e | -1 L s s = L 2N D e
All Modules i
Color ABC (Atlas Based Classification) 1
li‘ 3DSlicer Data RCEC Trans form
= Add Images

al

Input image 1| y.e Input image 2| g
Command Line MOdUIe = M:T:AGE.nii ]3!nputtmage3 N, - ije

Input image 2| |, -
" | FLAR i ]4

« 3 —click Input image 1 > MP-RAGE.nii patn— [l oL B
Inputimage 4| N e Input image S| e
» 4 —click Input image 2 - FLAIR.nii input mage s 1o

T —
Atlag Nirartany T 1

5 — click Input image 3 > GRE.nii input mage 3 g, o iputimage 4 g 12

v None v None

Input image 4| ) ¢ R EsEnE Input image 5 | e MP-RAGE.nii

FLAIR.nii

Input image 5 N.I GRE nii 15 GRE.nii
SWLnii I SWLnii J6
Atlas Dir
-%—
n |RAI

Atlas Dire pn‘crs)l_1.1.1.1

ion IRAI ] — ———

6 — click Input image 4 - SWi.nii
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Configure ABC

“ Atlas

1 —click on & and locate the adult-atlas directory,

Whl h w |n I |n th tut r| I t t Atlas Orientaton [RA
C as C Uded e u O a da a Se Prior weight adjustments (same as numbernfprlors)lujj—

2 — select adult-atlas from its location

] Select Directory

bl NP2 Y 4 =9

Atlas DirectoryI (2] adutt-atlas 1

3 — click OK to select the atlas template

) previous-entiies

L
4 — click Output label image-> Create New Volume - e

5 — click Bias corrected output image 1 > Create New Volume

Output label image

© — click Bias corrected output image 2 > Create New Volume Bias corected auput imge
Bias corrected output image 2
7 — click Bias corrected output image 3 > Create New Volume B s

8 — click Bias corrected output image 4 > Create New Volume

Bias corrected output image 1| ¢ 2 Bias corrected output image 2| ¢ ouiN| Bias corrected output image 3 Y
Create New Volume 5 ' I Create New Volume 6 Create New Volume
1 P Bias corrected output image 4
Bias corrected output image 2 Bias corrected outputimage 3| o ¥ pi g &

e MP-RAGE nii i MP-RAGE nii
WP-RAGE.ni MERAGEL FLAR ni
P i FLAR.nil
: Bias corrected outputimage 4| & |  FLARii Bias corrected output image S| ¢ l'
Bias corrected output image 3| ¢ FLAR.nii L GRE i - GRE nii ) GRE nii
nii =
= i .
GRE.nd Bias corrected outputimage S| ¢ | sywini SWLni | App z"‘;’"t' —
Bias corrected output image 4 W Output label image - utpu L
P 9 g SN = QOutput label image . : P o .
Output label image ] Bias corrected output image 1 Bias corrected output image 1
P 9 Bias corrected output image 1 || Af X - e
Bias corrected output image 5| ¢ Bias corrected output image 2 ias corrected output image

App

Y
Create New Volume

|4

one

T T T—

. L
Bias corrected outputimage 4| o &
Create New Volume n 8

Bias corrected outputimage 5| o

Bias corrected output image 3
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Y
' Execute ABC
[ Aovanced parameters [ 1

1 — click on the Advanced Parameters arrow PreFitering method: (3] Curvature flow || Grad aniso diffusion

. . . PreFiltering iterations (0 = off): Il il

» 2 — enter 0 (off) for the number of fluid iterations R - 3
. Bias Field Polynomial Degree (0 = off): I4 g

¢ 3 - CIICk Apply to run ABC On the dataset Inttial distribution estimator: [W] robust standard

ABC will now co-register the FLAIR, GRE and Atlas Transform Type: (&) affne (7 rigid (] dentty
SWI images to the MP-RAGE image, and perform g St e Wi M Wy

Atlas Warping Fluid Rterations (0 = offI |D i‘ I 2

the tlSSUe ClaSSIflcatlon Atlas Warping Fluid Maximum Step: |0.5 j

Allow up to several hours for ABC execution Defau 3

« ABC produces 3 - | T —— T —— T —— ) —
@ Ouput taoed image — : MP-RAGEN — = @ Oupn taoed image — : o — @ Oupustzoei image — : --------- —
=[]l 11 12 [easez (@[] 11 17 [ea73s [@][=][]] 11 78 [14578

tissue categories:

o white matter
o CSF
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' Generate 3D Models

File Edit View Window Help Feedback

1 I All Modules | 4D Image Fast Rigid registration
i ABC (Atlas Based Classification) FastMarchingSegmentation
“. 3DSlicer Data ACPC Transform FetchMI
. Edtor Add Images FiberBundles
Now that we have obtained the label map SRANSDenontiors
¥ Help & Ack . BRAINSFit FiducialSeeding
H BRAINSROIlAuto - Foreground masking tool Fiducials
Of G M y WM and CS F usi ng ABC, WE CaAlN = scates sased classinc :;Te's BRANSResample Gousaian Blur

. . . BRAINSVectorDemonVWarping Gradient Anisotropic Diffusion
SlicerWelcome
generate the 3D models associated with BSpine o defomaton e S ——
Binarize Map Grayscale Fill Hole
. Transforms
Cast Image Grayscale Grind Peak
B 4 hput images VolumeRendering
P g ChangeTracker Grayscale Model Maker
Volumes
CheckerBoard Filter Histogram Matching
Wizards » ClipModel IA_FEMesh
* 1 — From the Modules drop-down menu, wometos  »|  catoarivoan
Registration ¥ color IGTToolSelector
Select All Modules Segmentation L4 CongealingCLI Image Label Combine
Quantification 4 Convert Fiducials to Labelmap Joint Rician LMMSE Image Fiter
Diffusion L4 Create Single ROI file Label Map Smoothing
IGT L Create a DICOM Series LabelStatistics
«2 — From th d lum lect
ro e Ssecona column, selec Fiering v Cropvoume Labeimap Seedng
Surface Models  » Curvature Anisotropic Diffusion Linear registration
MOde/ Maker ~ Atas Converters * Data MRI Bias Field Correction
Endoscopy Ly Dicom to Nrrd Converter IMask Image
Developer Tools  » Diffusion Tensor Estimation Ideasurements
. . . .
This will display the interface of the Model o | Dffon T St Uessrrere - sdan e
Prior weight adjustments (s2  Diffusion Weighted DiffusionWelcome: Iderge Models
H EMSegment Command-line
Unspecified »
Maker module, which allows one to create | - o= Unapecied | egener ey
: . Guiputabelm  ore
l I IO e S I n ICe r_ Endoscopy ModelinteLabeVolume
Bias corrected output image Execution Model Tour ModelMirror
Expert Automated Registration Models
Bias corrected output image Explode Volume Transform Multiply Images
Extract Baseline DWI Volume N4ITK MRI Bias correction
Bias corrected output image Extract Skeleton NeuroNav
Fast Affine registration QpeniGTLink IF
Bias corrected output image Fast Nonrigid BSpline registration Orient Images

Otsu Threshold
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Generate 3D Models

“ Model Maker

To generate the 3D models:

* 1 — From the Parameter Set drop-down menu,
select Create New Command Line Module L

« 2 — From the Input Volume drop-down menu,
select Output label image < Crete Hutpe

« 3 — From the Models drop-down menu, select
Create New Model Hierarchy

» 4 — Click Apply

These steps will create 3D models for WM, GM and
CSF.

“ Create Muttiple

¥ Debug

Default

1

Create New CommandLineModule I

input Volume | o '

Models | Ne —u [=
-

\

Input Volume | o

v Output label image i 2

Models Rename.. |

Edit Properties.

Delete...
1
-
Input Volume | » __
v

Models = 1
Create New ModeHierarchy 3

Model Name II.Iude!

Genera te All Mode

Aoy | 4
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¥
' Choose color map scheme

To choose ppropriate color map for the models:

da -

] B3

Model Display

Model 1_jake

3 — From the Set Model drop-down menu, select
Rename and type WM, repeat steps 1-2 to rename
Model 2 Peach as GM and Model 3 Brain as

CSF

* 4 — Set the model to WM as in step 2, and click on

the color box;

« 5 — In the Color Picker dialog box, click on the

color drop down menu

« 5 — Select Generic Anatomy Colors as the color
map; this will assign a color scheme in accordance
with Slicer conventions.

1 —From th1e tool bar, click on the Models button

2 — From the Set Model drop-down menu, select

) Set Modet: | Model_1_jake | 5 2
= j
p v Model_1_jake
Visibil -
5 o Model_2_Peach Z
Opacity Model_2_Brain 10
I Rename.. 3
Set Color.. Edit Properties.. E 4
Slice Interse Delote:
Backface Culing =
Clipping
. §
B} 3D Slicer Version 3.64-beta: Color Picker o 8 =

O
O
O
]
O
O
O
O II
|
O
O
O
|
O
EL

I:

EDDEOEECORCEEENDEED

O
O
|
]
O0

OEEEECNSEEEEE
EEEEEEOCOOOONE
EEEROOOBO0ONEE
ey

Cancel oK
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Y
' Choose color map scheme

Now that we have selected an appropriate color
scheme, we need to assign suitable colors to each

* 1 — In the Color Picker dialog box, select beige for
WM

Repeat steps 2-5 on the previous slide for GM and
CSF

« 2 —For GM, click on
purple as shown
« 3 —For CSF, click on

IGenericAnatomyC( | @[]

_ HOOROEEORCOROMN
tissue type. 1 OJO00RREOOOEOREE

. [ white_matler- .
DHEIIHI

CNEECC]
EEOO0OO

\/

|GenericAnatomyC( j (x D

HO0SOSEO8RCMON

2000REO0080888

B ooyt - JOBCONEREOC
IIIIII:IIEIII

\/

OECIEC]
O00ED00 3

blue as shown. The 3D FR Y,
model should now look } | Genericanatomycc | B []
: ‘ HOCOECOED
as to the right. Note the (.-EIEIEIIIDD
variable CSF thickness. BORCO0ON
CONOEERE

H cerebro-spinal_fluid
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Create labels

for pathology

“ Create & Select Label Maps

»

We can now create a label map for pathology: Master Volume: MP-RAGE.né — 3
1 » Merge Volume: Output label image Set || 2

B ][4 5] [S) & [~ - ¥ - Per-Structure Volumes -

* 1 — From the tool bar, click on the Editor button ‘1'

¢ 2 - CIICk on the Set bUtton _Q 3D Slicer Version 3.6.4-b...@

* 3 — In the Set Label Map dialog box, select Create Select existing label map volume to edt
New Label Map: | Qutput labelimage —I |=

« 4 — In the Color Table dialog box, select Generic SoocH] (] [Gmamiee] i 3
Anatomy Colors . ¢'

e 5 — C“Ck on Apply rﬂ 3D Slicer Version 3.6.4-beta 1.0 >l

Th|S W|” Create a |abe| map for pathology Wh |Ch |S ::reate a merge label;'gsg‘:g:elected master volume MP-RAGE.nii.
New volume will be MP- .nii-label.
dlstlnct from the Iabel map for normal tlssue as Select the color table node will be used for segmentation labels.

created by ABC.

Color Table| GenericAnatomyColors — : 4

cancel| |Apply] 5
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.
Assign label for edema

Now we can assign labels for the two pathology
types, namely edema and bleeding:

* 1 — From the label edit bar, click on Level Tracing
« 2 — Click on the color button next to the Label

* 3 —In the Color Box dialog box, select 37: edema

“ Edit Selected Label Map

aeel[t {22

Active Tool:

[# Undo/Redo

-
_Q Color Box =N

Search: |

L3 edema 3
32 bleeding
33 necrosis
34 clot
35 embolism L]
il 2
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Segment edema from FLAIR

* 1 —In the Foreground — e . 2[@] &- ¥ - &

. MP-RAGESS bl — S I€ v mp-RAGE ni T [ e ——

menu, select FLAIR.nii O] N 1 v [Bl]conventonaiiayou
GRE.nii Convenhonal widescreen layout

» 2 — Click on the tool bar

SWi.nii mF l t
our-up layou
Output label image PRy

Bias corrected output image 1 Dual 3D layout
menu Bias corrected output image 2 9 Triple 30 layout
Bias corrected output image 3 1210}
° 3 _— SeIeCt Red Sllce Only Bias corrected output image 4 3[) only layout

MP-RAGE .nii-label 5
= Red slice only layout

. A} .’.
‘ Rename... -
) | |Yellow slice only layout
Edit Properties...

EGreen slice only layout

Tabbed 3D layout

ETabbed slice layout

ECompare layout

MCompare widescreen layout

Layout

» 4 — Use the level tracing
tool to segment the edema
using the FLAIR volume.

[]:’Side-by-side lightbox layout

Recall that edema is hyperintense in this sequence it
modality, and that it appears in slices 105-117. The \ Toggle GUI panel LR
hypointense region in the middle is actually close

hemorrhage, but it will be segmented separately in
following steps so we need not worry about it for
NOW.
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Assign label for bleeding

Once the edema has been segmented,

we can proceed to the segmentation of
hemorrhage. Viewing the label map and

the underlying image at the same time

Lightbo:

gggg X view
Ad;ust display

can be accomplished by adjusting label
map opacity.

* 1 — From the red slice image options menu, click on
Adjust label map opacity

« 2 — Use the slider to select a convenient opacity

This step ensures that 3D Slicer color labeling
conventions are respected.

“ Edit Selected Label Map

+ 3~ In the Color Box dialog box, select 32: bleeding| " 10 3 = 1

bleeding
NECIOSIS
clot
embolism
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Segment bleeding from GRE

None
MP-RAGE nii

o ELAID o

GRE.nii 1

We can now segment bleeds.

Output label image
Bias corrected output image 1
Bias corrected output image 2

Bias corrected output image 3 Axial
Bias corrected output image 4 | Sp: Tmm
MP-RAGE.ni-label a

% Rename

. &~ fl Edit Properties...
Delete

* 1 — From the red slice back-

ground menu, click on GRE.nii

» 2 — Use the label map opaci-

ty slider as shown on the pre-

Lb: 31 edema ——

I

vious slide as well as the level

Bg: 365.0

tracing tool as demonstrated on slide 20 to

obtain a convenient view of the hemorrhage in  gmm

BgJ: 74
BgK: 113

relation to the surrounding edema.

3 — Segment the bleeding in slices 106-116. The
label map should now be similar to the inset
shown to the right. Note that hemorrhage is sur-

Lb: 31 edema

rounded by edemic region which does not bleed FEE
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Create pathology 3D models

Once pathology has been segmen- ’
ted, their 3D models can be created.

* 1 — From the tool bar menu, select
the Conventional layout

» 2 — For Input Volume, select MP-
RAGE.nii-label. This is the label map
for the pathology.

« 3 — Under Models, select Create
New Model Hierarchy

* 4 — Under Model Maker Parameters,
type “31,32” in the Label input box.

« 5 —Click on Apply

Bl & §-©

* 0

Conventional layout

Conventaonal widescreen layout
Four-up layout

[BI8] oual 30 ayout

Triple 3D layout

30 only layout

v DRed slice only layout
EYeliow slice only layout
EGreen slice only layout

Tabbed 3D layout

ﬁTabbed siice layout
ECompare layout
@Compare widescreen layout
[[] side-by-sice ightbox ayout

Toggle GUI panel visibility
Toggle GUl panel LR

close

’ Create Multiple

“ Create Multiple

“ Model Maker Parameters

\’

Input Volume | ¢ 1= |

Quiput label image
MP-RAGE.nii-label
)

Rename...

Models | N e

Edit Properties...

Model Name |Model Delete..

Generate All Models [#] |

2

Create New MedeHierarchy 3

Model Nam

Generate All Models

[ Labess|a1.22

| 4

Start Label|-1

Ll

End Label -1

|

Skip Un-Named Labels

Joint Smoothing

Smooth |1D »

Fiter Type [&] Sinc

Decimate IU‘ZS 4

Spiit Normals

Laplacian

Point Normals
Pad

Save Intermediate Models
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Visualize full 3D model

We can now visualize the full model, = teweyaosse

which includes both pathology and

healthy-looking tissue.

IRERNE B SRR

Model Hierarchy

Scene
it
.

“* Hierarchy & Display

X Model Hierarchy x

- 1 — On the tdol bar, click Models
» 2 — Under Hierarchy and Display,
select CSF

0del axer Moge
Model_31_edema
Model_32_bleeding

Model Display

Set Model:

Visibilty

Opacity

J Scene _]
’ | %_ | 4

T

Model Maker Model3
Model_31_edema

Model_32_bleeding

Set Color...

« 3 — Under Visibility, uncheck the toggle box

» 4 —Under Hierarchy and Display, select GM

* 5 — Decrease the opacity to 0.2

This will allow us to visualize the edema and
hemorrhage in relationship to the rest of the

brain, as shown to the right.

o

= =

X Model Display X

CSF = Set Model an a

3 Visibiity
set model visibility. Opacity 02 5
1 I L
L al
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Exploring the results

Further exploration of these results might include = #eweeoss

Model Hierarchy X

simultaneous overlay of a desirable slice:

* 1 —0On the red box tool bar, toggle slice visibility (left below) o

Model Maker Model3
Model_31_edema

One can also display the pathology with GM/WM e

transparency (see figure to the right below) [
« 2 —Under Hierarchy and Display, set WM opacity to 0.2 3
R— -
MP-RAGE ni-iadel = : | 1 3
1 E > |i“ Set Color.... J

National Alliance for Medical Image Computing
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The complete model

Segmentation of remaining lesions and hemorrhages in
this subject can be accomplished using the tools and
workflows demonstrated in this tutorial. Sample images
of this undertaking are illustrated below.
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f? Conclusion

« 3D Slicer offers powerful methodologies for the
visualization of pathology due to traumatic brain injury

« Use of multiple MR image channels greatly enhances
the ability to study and understand TBI structure/extent

« ABC is a robust algorithm to perform joint co-
registration and automatic segmentation of TBI

« Completion of this tutorial allows one to acquire useful
expertise on how to identify and characterize TBI

« Use of 3D Slicer can offer informed strategies for
quantification of TBI-related edema or hemorrhage and
for improved insight of clinical relevance

National Alliance for Medical Image Computing
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