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Introducing Talpirach Space

E—

In this chapter...

“Background” on page 2
“References” on page 4

Designed specifically for medical researchers, MIPAV concentrates on
providing those researchers with the tools needed to do their work. It reads
image files of many different formats and allows images to be displayed and
measured using the most meaningful method to achieve research goals.
MIPAV’s flexibility becomes apparent when its capabilities are expanded
and fine tuned through the development of plug-in programs that tailor
solutions to meet specific requirements.

Using MIPAV to display, label, and measure brain components in Talairach
space demonstrates both: MIPAV’s native ability to display and measure
brain images in Talairach space and the tailoring provided through the
Talairach Transformation wizard and the FANTASM (Fuzzy and Noise
Tolerant Adaptive Segmentation Method) plug-in programs, developed by
the Johns Hopkins University.

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space
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Chapter 1, Introducing Talairach Space

Background

In 1988 Jean Talairach and Pierre Tournoux developed a three-dimensional
proportional grid system that can be used to identify and measure brains
from any number of patients despite the variability of brain sizes and
proportions. The premise of the system is that brain components that
cannot be seen or identified can be defined in relation to other anatomic
cerebral structures. In the Talairach system, the anterior commissure (AC)
and posterior commissure (PC) are the structures from which the system of
reference is developed.

The Talairach system establishes the maximal dimensions of the brain in
three planes of space: x, y. and z:

e AC-PC line (X axis)—A horizontal line running through the anterior
and posterior commissures.

e VCA line (verticofrontal line, or Y axis)—A vertical line passing
through the anterior commissure

e Midline (Z axis)—A line forming the interhemispheric sagittal plane

Often referred to as the “origin,” the anterior commissure is commonly used
to describe structures. For example, a structure is described as “AC + 13
mm” for the frontal lobe or “AC - 35 mm” for the occipital pole. These
descriptions assume that the anterior commissure is in the positive
direction. However, the Talairach system does not use positive and negative
directions. Instead, it labels quadrants according to number and letters
(Figure 1A). The AC-PC line defines the horizontal plane, the VCA line
defines the vertical plane, and the midline defines the depth plane. Because
the anterior commissure and posterior commissure do not occur in the
same axial slice, reslicing is necessary to put the brain into Talairach space.

Jean Talairach and Pierre Tournoux, Co-Planar Stereotaxic Atlas of the Human
Brain, Thieme Medical Publishers, New York, 1988.

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space
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Figure 1. Talairach space: (A) Quadrants labeled by number and letters
and (B) horizontal, vertical, and depth planes
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Chapter 1, Introducing Talairach Space

This technical guide explains how to install and use two plug-in programs—
the Talairach Transformation wizard and FANTASM—and MIPAV to:

¢ Create the x, y, and z planes of space in an image of a brain

e Transfer Talairach labels to an image of a brain

e Measure brain components in Talairach space

Talairach Transformation wizard

FANTASM

The Talairach Transformation wizard is a plug-in program for MIPAV that
performs a semimanual transformation of image datasets of the brain to
Talairach (stereotaxic) coordinates, providing atlas-based labeling. The
Talairach coordinates allow researchers to easily identify subregions of the
brain and measure their volume. It includes labels for 148 different
substructures of the brain at various scales, obtained from the Talairach
Daemon database, along with a set of volumetric images of the labels.

The FANTASM plug-in program is a different version of the Fuzzy C-mean
algorithm for segmenting 2D and 3D images. It incorporates a spatial
constraint that requires neighboring pixels to be similar and reduces the
noise effect obtained with the Fuzzy C-mean algorithm. It can deal with
outliers. Plans for a future version of FANTASM incorporates
inhomogeneity correction.

References

ICBM atlas created by the International Consortium on Brain Mapping (ICBM), automatic
(http://www.loni.ucla.edw/ICBM/ICBM_BrainTemplate.html).

Jean Talairach and Pierre Tournoux, Co-Planar Stereotaxic Atlas of the Human Brain, Thieme
Medical Publishers, New York, 1988.

Neva Chernizasky, Medical Imaging: Orientation, Paper prepared for Matthew McAuliiffe, Ph.D.
Center for Information Technology, National Institutes of Health, August 31, 2001.

Dzung L. Pham, "Spatial Models for Fuzzy Clustering,” Computer Vision and Image Understanding,
vol. 84, pp. 285-297, 2001.

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 4
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MIPAY
P. L. Bazin, M. McAuliffe, W. Gandler, and D. L. Pham. “Free Software Tools for Atlas-based
Volumetric Neuroimage Analysis,” Proceedings of the SPIE Medical Imaging 2005 Conference, The
International Society for Optical Engineering (SPIE), Bellingham, Washington, 2005.
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Installing the Talairac
Transformatlon Wizard, FANTASM, an
Talairach Atla

In this chapter...

“To install the Talairach Transformation wizard, FANTASM, and the
Talairach Atlas” on page 7
“To participate in MedIC forums” on page 9

|
To label and measure brains in Talairach space in MIPAV, you first need to
download and install the following:

¢ Talairach Transformation wizard—A plug-in program that
allows the transformation of images in and out of Talairach space.

¢ Fuzzy and Noise Tolerant Adaptive Segmentation Method
(FANTASM)—A plug-in program.

¢ Talairach atlas—The Talairach atlas is not a plug-in program but a
collection of VOISs especially designed to identify brain components
using the Talairach atlas. During the procedure of transforming brains
into Talairach space, you use the atlas by navigating to the directory in
which the atlas is stored and then opening and applying the desired
VOlIs.

(o)}

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space
7/12/05



Chapter 2, Installing the Talairach Transformation Wizard, FANTASM, and Talairach Atlas
MIPAYV

Megical Image Processing Analysis & Visualization

To install the Talairach Transformation wizard,
FANTASM, and the Talairach Atlas

1 Go to the Laboratory of Medical Image Computing Software (MedIC)
web site at Johns Hopkins University (Figure 2 on page 7):

http://medic.rad.jhu.edu/download/public
2 Download the following two MIPAV plug-in programs:
e Talairach Transformation wizard

 FANTASM

2l Laboratory of Medical Image Computing Software - Microsoft Internet Explorer provided by NIH

Fi=  Edit View Favorites  Took  Help

@Bazk (> ) \ﬂ @ h /,-]Saavch :W\r Favorites  {6%) ~ H,; - ___3 ﬁ @ ‘j‘j

fiiress | ] http:fjmedic rad jhu. edufdovnload/public/

v B ks @

MEDIC

Download the Talairach
atlas to the directory of your

choosing.
Atlas Data
PEGPLE
RESEARCH « The Talairach atlas, a standardized atlas forlati@lling brain structures
SERVICES (mainly for use in Mipav) (readme|zip| t4r7gz)
DOWHNLOAD « The ICBM atlas, another papular standardized atlas far labelling brain
FORUMS structures {mainly for use in Mipav) (coming soon )
LINKS
CONTACT  Mipav Plug-Ins
ABOUTUS

s FANTASM, our Fuzzy And Noise Tolerant Adaptive Segmentation Method
{currently does not yet support gain correction) (readme | zip|tar.gz)

+ Talairach Transformation Wizard , allowing the transformatiofnngf
images in and out of Talairach space (readme|zip|tar.qz | futorial)
Download FANTASM and the
Talairach Transformation Wizard

to your home directory.

Tutorials & Documentation

s Using Talairach transfromations and neuroanatomy atlases in Mpay

@ Coppright 2003 | All Rights Reserved | Johns Hoplins University & Laboratory of Medical Image Computing

@ Internet

&] oone

Figure 2. MedIC web site at Johns Hopkins University

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space
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3 Download the Talairach atlas.
4 Create a MIPAV plug-ins folder in your user or home directory.

5 Extract the files from the zip or tar files for the Talairach
Transformation wizard and FANTASM plug-in programs and the
Talairach atlas into your user or home directory:

Windows
c:\Documents and Settings\<your user ID>\mipav\plugins
Unix

/user/<your user ID>/mipav/plugins

be the following: c:\Documents and Settings\smithj\mipav\plugins. In

Example: If the user ID for John Smith is smithj, then the user directory would
i Unix the home directory would be /home/smithj/mipav/plugins.

6 Extract the Talairach atlas files into either your home (mipav\plugins)
directory or in any other directory on your workstation.

7 Start MIPAV. The initial MIPAV window opens.

8 Open an image. The expanded MIPAV opens. Notice that the PlugIn
menu now includes the following commands:

e Algorithms > FANTASM

 Algorithms > TalairachTransform

ies | Plugins | Image  Toolbars Help

-, [N Faxtasm B
| Install Plugin | TelairachTransform |

- n - - Cnssi [

Figure 3. PlugIns menu with FANTASM and TalairachTransform
commands

on the PlugIns menu. You gain access to it later in this procedure by opening a

% Note: Because the Talairach atlas is not a plug-in program, it does not apppear
VOI using VOI > Open VOI and navigating to the directory in which it is stored.

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 8
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Chapter 2, Installing the Talairach Transformation Wizard, FANTASM, and Talairach Atlas
MIPAYV

Megical Image Processing Analysis & Visualization

To participate in MedIC forums

1 Go to the Forums page at the Laboratory of Medical Image Computing
Software (MedIC) web site at Johns Hopkins University (Figure 4 on
page 9):
http://medic.rad.jhu.edu/forums

2 Browse the forums or register as a member and sign in.

2 MedIC Talk :: Index - Microsoft Internet Explorer provided by NIH

Fle Edt Vew Favortes Tools  Help

@Batk i > Iﬂ \E] _;'] /T]Sear(h '\‘—)::(Favnntes & - .:; =] _‘ il 8 @ 3

Addiess | ] hitp:fmedic.rad.jhu.edufforums/ v| Go | Links * @~
MediIC Talk
M IC Discussions an medical image computing and acquisition.
: ED : Blrag @search Ememberlist Elusergroups ¥ Register
Elprofile @ Log in to check vour private messages @ Log in
The tirme now is Fri Jan 28, 2005 3:10 pm
MedIC Talk Forum Index Wiew unanswered posts
T ————77] [ T —|
General
Announcements
(@) ceneral smnouncsments from msdic., 5| up | iR
Moderators MedIC, Pilou Bazin, Dzung Pham
Software .
(ZJ) Diseussins around MedIcC software. o | o [EEBE SRR
Moderators MedIC, Pilou Bazin, Dzung Pham I
Mipav Support Fri Jan 28, 2005 2:53
Topics pertaining to usage or development with Mipav., 25 a7 e £ DL
@ Maderators MedIC, Pilau Bazin, Dzung Pham, Matthew MoAuliffe Pl
Mark all forums read All tirmes are GMT - 5 Hours
Who is Online
Our users have posted a total of 120 articles
‘We have 12 registered users
The newest registered user is He3d
In total there are 3 users online :: 0 Registered, 0 Hidden and 3 Guests [ 1 [ Moderator ]
Most uzers ever online was 9 on Tue Jan 18, 2005 12:32 pm
Registerad Users: None
This data iz based an users active ouer the past five minutes
Log in
Usemame: Password: Log me on sutomatically each visit |
@ ] @ e @ e
Powsred by phpBB 2.0.10 @ 2001, 2002 phpBB Group
&] Done ® Internet
Figure 4. Forums page for the MedIC web site at Johns Hopkins University
Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 9
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Labeling and Megsuring Brai
Components in Talairach Spac

—

In this chapter...

“Task 1, Performing a semimanual transformation on datasets to the

Talairach coordinate system” on page 11
“Task 2, Applying Talairach VOIs” on page 37

“Task 3, Segmenting the original image” on page 40
“Task 4, Transforming Talairach image and Talairach VOIs-1 to the

original image” on page 45

“Task 5, Copying Talairach VOIs-1 to segmented images” on page 47
“Task 6, Calculating statistics on VOIs” on page 51
“Viewing the Talairach grid on Talairach images” on page 55

Figure 5 shows the six tasks involved in labeling and measuring brain
components in Talairach space. After you complete the six tasks, you can

also view the Talairach image in the triplanar window, where the Talairach

grid and markers can be displayed on the image.

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space
7/12/05
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Chapter 3, Labeling and Measuring Brain Components in Talairach Space

MIPAYV
Save image as TASK 2
xml file Open Talairach VOIs
Load previously saved AC-PC orTalairach transform
TASK 1
A\ A
12-piecewise
Transf i -
Original image ranstorm > AC-PCimage jear transform Original resampled ___, Save Talairach transfor
in Talairach space as .txt file
N 3
Copy | __ " Transform stored in _ll
Talairach image headers of Sove il
VOIs™ Save AC-PC transform all images aveimage as .xmitlie

Original image’ with
Talairach VOIs

Transform™ = (AC-PC™" + Talairach™)

FANTASM
TASKS 3,4, and 5

Copy
Talairach
VOIs™

TASK 6
VOI analysis

Segmented
original

RESULTS

Y

Figure 5. A functional diagram of the process of putting brain components in Talairach space

Task 1, Performing a semimanual
transformation on datasets to the Talairach
coordinate system

Transforming, or converting, datasets into Talairach space provides
scientists with the ability to identify important structures within the
standard brain. The Talairach atlas is as much a reference system as it is a
coordinate system.

The main steps involved in transforming a dataset into the Talairach
coordinate system are:

1 Performing anterior commissure and posterior commissure (AC-PC)
alignment on page 12

2 Transform the AC-PC image to Talairach alignment on page 30

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 11
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Performing AC-PC alignment

In the Talairach system the anterior commissure is often referred as the
“origin,” because it is the origin of the Talairach grid. In this first
semimanual task, you need to identify and set five separate landmark
points, beginning with the anterior commissure. Setting these points aligns
the anterior commissure and posterior commissure that forms the basis of
the Talairach grid. The landmark points, shown in Figure 6, are:

e AC superior edge—Top middle of anterior commissure

AC posterior margin—Rear middle of posterior commissure

PC inferior edge—Bottom middle of posterior commissure

First midsagittal point—Some point in the midsagittal plane;
abbreviated as SG1

Another midsagittal point—Some other point in the midsagittal
plane; abbreviated as SG2

Corpus callosum

= Column
of fornix

o ¥ Superior
edge of AC

Posterior commissure (PC)

/ I
Inferior

edge of PC
\ Posterior

margin of AC

Anterior commissure (AC)

Figure 6. Landmark points used to perform AC-PC alignment

When you’ve set these points, the Talairach grid is formed from these axes
(refer to Figure 7):

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 12
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Chapter 3, Labeling and Measuring Brain Components in Talairach Space

¢ Y axis—Anterior commissure and posterior commissure.

e Z axis—The longitudinal (interhemispheric or midsagittal) fissure is
aligned to the yz plane, thus defining the z axis.

e X axis—The right-left axis perpendicular to the y and z axes.

+MID-SAG

Figure 7. The Xx, y, and z planes in an image after AC-PC alighment

To perform AC-PC alignment

1 Open an image of the brain (Figure 8) that you want to put into
Talairach space.

bryan 621124m:1.0  [Z]B)X)

Figure 8. An image of a brain to be put in Talairach space

2 Select Image > Attributes > Edit Attributes. The Image Attributes dialog
box opens.

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 13
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Chapter 3, Labeling and Measuring Brain Components in Talairach Space

MIPAYV
3 Click Resolutions. The Resolutions page (Figure 9) appears.
4 Image Attributes: Bryan 62
| Resolutions ||
1st dire. [L0 | i
| MILLIMETERS -
Inddim. 10 |
3nddim, [10 | || MILLIMETERS ~|
dtfedivg, |1 | | TNENOW - |
Sthdim, |1 | || umkzovay |
[] &pply resolutinn changes to all slices andior tives
| Apply ‘ ‘ 0K ‘ ‘ Close ‘
Figure 9. Resolutions page in the Image Attributes dialog box
4 Check the resolutions in 1st dim., 2nd dim., and 3rd dim to make sure
they are correct, change them if they are incorrect, and click Apply.
5 Click Orientation. The Orientation page (Figure 10) appears.
X Image Attributes: Bryan 62
Z
Irnage origin is in the upper left hand comer. Righthand coordinate system,
Irmage oventation: A yial
X-ais orientation (irnage left to right) corresponds to: Patient Right to Left -
Y-ands orientation {image top to bottor) corresponds to: Patient Anterior to Posterior -
Z-angs orientation (into the screen) corresponds to: Patient Inferior to Superor -
Apply | ‘ 0K | ‘ Close
Figure 10. Orientations page in the Image Attributes dialog box
6 Check the orientation of the image to make sure it is correct.
Caution: Classical alignment problems that occur with images are that
resolutions and orientation for the original image are not set properly.
Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 14
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MIPAV

Megical Ima. ge Processin, Gl Ahalysis, & Visualization

7 Do one of the following;:
« If the orientation is correct, go to the next step.
« If the orientation is incorrect:
e Make the necessary changes.
* Click Apply to apply the changes immediately.
8 Click Talairach. The Talairach page (Figure 11) appears.

I»:ﬁ' Image Attributes: Bryan_acpc B6

OrghC:  [125.0 | [102.22098 | 52899048
OngPZ:  [125.0 | [144.0 | 610
OrizDir:  [256 | [258 | [124
OrigRes:  [0.9375 | [o.937s | [1.5
Orig Orient: [1.0 | [o.o | |n.o
0.0 | [0.9973658 | [n.07253560
0.0 | [0.0725357 | |0.9973659
ACPCAC: (950 | les0 | 700
ACPCPC: [g5.0 | [134.27129 | |70
ACPC Dire: 182 | 238 | [z
ACPC Res: [1.0 |

[C] Include Talairach

Talairach

ACPCMin: 1.0 [ .0 [ [0

ACPCMax |10 [0 [ 1o

Talairach AC: |00 0 | 2o | [55.0

Talsirach PC: |50 0 | [iozo | |65

Talairach Res: |10 [ .0 [ [0
[1.0 [ |10 [0
1.0 |

Talairach Dlira: 151 0 | g1 o | [1a1n

Lo || o [ o= |

Figure 11. Talairach page in the Image Attributes dialog box as it appears before mapping the
image to AC-PC or Talairach space
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9 Scroll down the window and notice that “1.0” or “1” appears in all of the
fields in the ACPC group and the Talairach group. This data should
change as a result of performing, first, the ACPC transformation on the
image and, second, the Talairach transformation.
10 Select Plug-Ins > Algorithms > TalairachTransform (Figure 12).
Pluglns | Image Toohars Help
Algorithm _ »| Fantasm L
Install Plugln | TalairachTransform
Figure 12. TalairachTransform command on the PlugIns menu
The Talairach Transform dialog box (Figure 13) opens.
ACPC Transforms the
original image of a
brain into an AC- Talairach Transform @
PC aligned image 7 -
in which the Transformation: !
anterior and AP |
posterior [
commisures in the Talairack |
brain are set on a R )
horizontal line. | e " - Refresh icon
When you click i [
this button, the e immage to transfonm
Create AC-PC (b
B
Image dialog box | s i | =
opens. : ’7
transformation: w
Talairach Transforms the _ _ =
AC-PC image of interpolation: |Tnlm.ea.r - |
the brain into a
Talairach-aligned Corpute |
image. When you
click this button, Close Help
the Create
Talairach Image
dialog box opens.
Load Loads a previously saved AC-PC or Talairach transform into the original image.
When you click this button, either the Load Talairach Transform File or the Load
AC-PC Transform dialog box opens.
Save Saves the AC-PC or the Talairach transform to a .txt file. When you click this
button, the Save AC-PC Transform File or Save Talairach Transform dialog box
opens.

Figure 13. Talairach Transform dialog box

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 16
7/12/05



Chapter 3, Labeling and Measuring Brain Components in Talairach Space

MIPAYV

New image to Displays a list of the original image and, if you click Refresh, any AC-PC or

transform Talairach images that are currently open.

Refresh Refreshes the list of images in the New image to transform list to reflect any
AC-PC or Talairach images that are currently open.

Transformation Orig to AC-PC Transforms the original image to the AC-PC image. You
choose this item to copy information from the original
image to the AC-PC image.

Orig to Tirc Transforms the original image to the Talairach image.
You choose this item to copy information from the
original image to the Talairach image.

ACPC to Tirc Transforms the AC-PC image to the Talairach image. You
choose this item to copy information from the AC-PC
image to the Talairach image.

Tirc to AC-PC Transforms the Talairach image to the AC-PC image. You
choose this item to copy information from the Talairach
image to the AC-PC image.

Tlrc to orig Transforms the Talairach image to the original image.
You choose this item to copy information from the
Talairach image to the original image.

AC-PC to orig Transforms the AC-PC image to the original image. You
choose this item to copy information from the AC-PC
image to the original image.

Interpolation Indicates the method of interpolation to use when creating AC-PC or Talairach
images. The default interpolation method is trilinear. However, you can choose
any of the following interpolation methods, which are listed in order of
complexity and amount of time required:

* Nearest neighbor

* Trilinear

* Bspline 3rd order

* Bspline 4th order

¢ Cubic Lagrangian

* Quintic Lagrangian

* Heptic Lagrangian

* Windowed sinc

Compute Transforms the new image according to the transformation chosen in
Transformation. When you click Compute, the Talairach plugin stores the AC-PC
and Talairach transform information in the image headers. To view this
information, select the image and then select Image > Attributes > View header.

Close Closes the Talairach Transform dialog box and quits the Talairach plugin.

Help Displays online help for this dialog box.

Figure 13. Talairach Transform dialog box (continued)
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11 Click AC-PC at the top of the Talairach Transform dialog box. The
following occurs:

¢ The image appears in a triplanar view (Figure 14).

e The Create AC-PC Image dialog box (Figure 14) opens on top of the
triplanar view.

Note: If the image appears squeezed or otherwise out of alignment, you need to
make sure that the resolutions on the Resolutions page of the Image Attributes

window are correct.

The Create AC-PC Image dialog box (Figure 14) lists five landmark
points that you need to locate and mark in the image. Table 1 lists these
points and their approximate location in the image. “Guide to Finding
Landmark Points” on page 20 illustrates the location of the points.

couple of times, particularly for locating the AC superior edge, AC posterior

V Tip: To create the AC-PC image, you may need to magnify R the image a
margin, and PC inferior edge (refer to Figure 17 on page 22).

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 18
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MIRAN.
® AEEH)

* a a B 5L ey #El X cm
2o - -l 0 Bloes [ ® | W 5 H

Specify cubic voxel lengih (mmw)
| Cahic woxel length|1 ]

Select point type

(® AC superior edge
|| [ AC posterior margin
I PC inferior edze
() Firat reid-saz pt
1) Another mid-sag pt

Absolute Set
X: 128
Z:62 =

Figure 14. The Create AC-PC Image dialog box on top of the triplanar view of the image

Table 1. Landmark points needed to perform AC-PC alignment

Symbol used on image

Abbreviation Color Landmark points Location in image

ACS Red AC superior edge Top middle of anterior commisure

ACP Orange AC posterior margin Rear middle of anterior commissure

PC Yellow PC interior edge Bottom middle of posterior commisure

MS1 Aqua First midsagittal point Some point in the midsagittal plane

MS2 Yellow Second midsagittal point Another point in the midsagittal plane
Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 19
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Guide to Finding Landmark Points

First Goal

Mark the top middle and rear middle of the anterior
commisure.

In the sagittal image—Look for the anterior
commisure at the bottom level of the corpus
collosum, below the fornix.

In the coronal view—Look for the “mustache.”

In the axial view—Look for the interhemispheric
connection.

Second Goal

Mark the inferior edge of the posterior commissure.

Unfortunately, the posterior commissure doesn’t
show up well at 1-mm resolution. However, it is
always at the top of the cerebral aqueduct, which
usually shows up well.

If you can’t see the posterior commissure, find the
midsagittal location just at the top of the cerebral
aqueduct and mark it as the PC inferior edge.

Final Goal

Mark two midsagittal points (SG1 and SG2), which
are above the corpus callosum.

The two planes of AC-SC-SG1 and AC-PC-SG2 must
be no more than 2 degrees apart. In practice, good
candidates for SG1 and SG2 are often far from AC
and PC and close to each other.

The following diagram shows where the points are
located. An image in a triplanar view in which the
image was magnified twice appears in Figure 17 on
page 22.

To find the landmark points, it is extremely
helpful to have a high-quality image of the
anterior and posterior commissures.

Column
of fornix

R A e

Superior
edge of AC

\ Posterior

margin of AC

Anterior commissure (AC)

Figure 15. Landmark points used to perform AC-PC alignment

Corpus callosum

Posterior commissure {PC)

Inferior /

edge of PC
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12 Set the scale of the image in Cubic voxel length. Make sure this scale
matches the entries in step 4.

13 Select AC superior edge in the Create AC-PC Image dialog box
(Figure 16).

14 Go to the triplanar image and locate the AC superior edge on the sagittal
view of the image. Place the crosshair marker directly over the top
middle of the anterior commisure.

15 Click Set on the Create AC-PC Image dialog box (Figure 16). A red
marker labeled ACS appears on the point you indicated.

¥ Create AC-PC image
[~ Specify cubic voxel length (m.m.)'l
Cibic vozel lengthll.ﬂi |
“Selectpointtype
® & superior sdge

() AC posterior margin
) PC inferior edge
1) First mid-saz pt

) Bnother mid-sag pt

Set

Cancel

Figure 16. Create AC-PC Image dialog box

16 Select, locate, and set each of the remaining landmark points
consecutively in the Create AC-PC Image dialog box. Refer to Table 1 on
page 19, “Guide to Finding Landmark Points” on page 20, and Figure 17
on page 22 for directions on how to locate the individual points.
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Megical Image Processing Analysis & Visualization

Cop | ACPC  Tahiraeh

B & an|B5L ey | e |
/2o -ca|s|fov % ®[o> W

B

Sagittal view
[V 4

A\
/
\ /f AC superior edge

Coronal view

r |
f | | Seleci point type

| @) AC euperior edge
) AC posterior margin
2 PC inferion etge

35 Bryan M:2.0
File Options

Talairach

I 2 2w (@)L e |

AC su
[

GIRAIR AL
Speety cubic

Cabic vomtlengthl1 0

 Slect point pe

| ® AC eupatior
Absolute e e
X152 ) G posterior margin,
Y1 1 PC inforior g
2125

) Finst midsag pt

Talairach

Figure 17. Finding landmark points: (A) AC superior edge in original image, (B) AC superior edge
in magnified image, (C) PC inferior edge in original image, and (D) PC inferior edge in magnified

image
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Megical Image Processing Analysis & Visualization

©

File Options
B < aln @
/2o |- o [flow W W[5 H

|
\ Sagittal view

72

S4 sy | ST X G | ACPC Talsin

\

\

4

Coronal view

r

PC inferior edge

Spesify cubie voxel length ()|
e L
- Select point type -
) AC euperior edge i
() K posterior margin |
® PC inferior e ‘

Talairach

wBryan M:2.0
File Options
F 2 & 1 [ 4 sy Jaw X | om | ACKC Tekina

2o -mn|s |[How W W0 H

* Specify cubic voxel length ()
Cutievomeength1 0 w
“Selectpoint type w
AC guperior
Ahsolute e e Talairach
X:152 © KC posterior margin X
Y:194 @ FC v v
120 5 e Z:
) Fist mitorg ot
) Amother mid-sag pt

Set J Clear

Apply | Cancel |

Figure 17. Finding landmark points: (A) AC superior edge in original image, (B) AC superior edge
in magnified image, (C) PC inferior edge in original image, and (D) PC inferior edge in magnified
image (continued)
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Note: If you need to erase a landmark point that you've already set, select the
point in the image. Return to the Create AC-PC Image dialog box and select the
radio button for the point you want to delete. For example, to delete the AC

posterior margin, select that radio button. Then click Clear (the Clear button only
becomes available when you’ve completed the preceding instructions correctly).

17 Return to the Create AC-PC Image dialog box (Figure 18) when all
landmark points are marked, and click Apply.

are correctly selected and set. A point is correctly set when the settings you

V Tip: The Apply button only becomes available when all of the landmark points
chose appear to the right of each point (Figure 18).

A progress message appears, and then the image produced from the
settings you specified appears in a new image window. The result is an
AC-PC aligned image (Figure 20).

%)

ket Create AC-PC image

- Specify cubic voxel lengih (m.m.)i'l
Cubio vl length 0 |
- Select point type

After they are set, Image settings

) AC superior edge(127,102, 50 <— | appear after each pointin the
T Create AC-PC image dialog box.

) MC posterior wargin 127,111,55
) P inferior edge 127,162,56
() First mid-sag pt 127,171,79

® fnother mid-sag pt 127,171,735

Set I Clear

Apply Cancel

Figure 18. Create AC-PC Image dialog box with settings for each of the
landmark points

18 Click = to refresh the list of images in New image to transform. The
transformed image, whose title is the name of the original image
followed by _acpc, appears in the list (Figure 19).
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aaaaaaaaaaa ge Processing Analysis & Visualization

Talairach Transform rZ|
ACPC
Talairach
- - Clicking the Refresh icon
Transform information | lists the AC-PC image in
o H Save | New image to transform.

New image to transfonm: A//
BT
~ [

arpe W
interpolation: | Trilinear -

‘ Compute |

| Close | ‘ Help ‘

Figure 19. The New image to transform box after clicking the Refresh
icon

Note: The slice of the AC-PC image that displays may differ from the slice shown
in the original image. By default, the AC-PC image appears at its center slice.

You may now want to save the AC-PC transform. If somehow you are
interrupted in the procedure of transforming a brain image into
Talairach space, saving the transform prevents your having to perform
AC-PC alignment again.
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Bibryan 62124m:1.0 (S ][B)3] W 5% acpc image ... (28K [l 5 acpc image ... [2)BX]

(A) Original image of brain with landmark points (B) AC-PC image of brain showing, by (C) AC-PC image of the brain showing
marked default, the center slice the same slice as the original image

Figure 20. A comparison of (a) the original brain with marked landmark points and (B) the image
after AC-PC alighment showing, by default, the center slice and (C) image after AC-PC alignment
showing same slice as the original image

To save the AC-PC transform (recommended)

1 Click Save in the Talairach Transform dialog box. The Save Talairach
Transform File dialog box (Figure 21) opens.

2 Navigate to the directory in which you want to save the transform.

3 Type the file name for the transform and the extension .txt.

Note: The AC-PC transform file is a text document that can be read with any text
editor, such as Microsoft Notepad.

4 Click Save. MIPAV saves the AC-PC transform to the folder you
specified.
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T

4 Save Talairach Transform file

Save In: [C] Talairachimages v| @ @ @

=]

File Hame: |Ta|airachACPCimage.img |

Files of Type: | All Files -

| Save
Save selected file

Figure 21. Save Talairach Transform dialog box

5 Type the file name for the transform and the extension .txt.

Note: The AC-PC transform file is a text document that can be read with any text
editor, such as Microsoft Notepad.

6 Click Save. MIPAV saves the AC-PC transform to the folder you
specified.
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B BryanACPC.txt - Notepad
File Edit Format Wiew Help

ralairach Transform Info File {do not edit)
ACPC aligned

not Talairach aligned

- original Image -

ac: ¢125.0, 113.145836, 60.93683)

PC: (125.0, 145.0, 60.0)

Res: (0.9375, 0.9375, 1.5)

pim: (256, 256, 124)

orient: (1.0, 0.0, 0.0, 0.0, 0,9%953%44, -0.0470068, 0.0, 0.0470068, 0.99339448)
- AC-FC Image -

AC: (95.0, 95.0, 70.00

pPC: (95.0, 124.89633, 70.0)

Res: [1.0)

cim: (192, 236, 171)

Figure 22. An example of an AC-PC transform file, which is a text file

To resolve errors

An error may occur if there is a 2-percent angular difference between the
planes defined by AC-PC-MS1 and AC-PC-MSz2. To resolve it, the ideal way
is to align perfectly the MS1 and MS2 points on the midsagittal plane: using
well-defined planes (choosing MS1 and MSz2 far from the AC-PC line, one
rather on the front and one on the back of the brain). If that fails, there is
still the much less reliable method to have both MS points close to each
other, so they define about the same plane.

To view the AC-PC settings for the AC-PC

transformed image
1 Select the AC-PC transformed image that you just created.

2 Select Image > Attributes > Edit Attributes. The Image Attributes dialog
box opens.
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fields in the dialog box.

3 Click Talairach. The Talairach page appears.

4 Enlarge the Image Attributes dialog box (Figure 23) to show all of the

Now that you have performed the AC-PC transformation on the image,
the settings appear in the AC-PC group. However, because you have not
yet performed the Talairach transformation on the image, the settings

for the fields in the Talairach group still remain “1.0”.

5 Click Close. The Image Attributes dialog box closes.

i) Image Attributes: Bryan_acpc B6

Orz&C:  [125.0 | [102.22008 | |62.808048
OrgPT:  [125.0 | [144.0 | [s1.0
OrgDi:  [256 | |258 | [124
OrizRes: (09375 | |n.937a | 1.5

Orig Otient: [1.0 | [o.o | [o.0

0.0 | [o.0873658 | [-0.07253569
0.0 | [0.0725357 | [0.9973659

ACPC AC: (950 | lo50 | roo
LCPCPC: [gs.0 | [134.27129 | 700
ACPC Dim: 192 | 238 | [z

ACPC Res: [1.0 |

[[] Include Talairach

~Talairach

ACPC M |10 [ 1o [l
ACPCMax |10 [ o [ o
Talsitach 4C: 500 | [son N E
Takairarh PC: |50 11 | [1oz.0 | g5
Talsirach Res: |10 [ o [

[1.0 [ o [ o
[1.0 |
Talsivarh Dip: 164 00 | lige o | [1ern
Come || ot J[ o ]

Figure 23. Enlarged Image Attributes dialog box showing AC-PC settings but no Talairach

settings
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To load a previously saved AC-PC transform

1 Open the original image of the brain on which you performed AC-PC
alignment.

2 Select Plug-Ins > Algorithms > TalairachTransform. The Talairach
Transform dialog box opens.

Select the name of the original image in New image to transform.
Select acpc to orig. in Transformation.

Click Load. The Load Talairach Transform File dialog box opens.

(= W) I~ Y

Navigate to the directory in which you saved the AC-PC .txt file and
select the file.

7 Click Open. A message appears on the Data page in the Outlook window
saying that “transform data loaded from <path>.”

8 Click Compute. A progress message appears, and then the image
produced from the loaded AC-PC transform appears in a new image
window. The result is an AC-PC aligned image.

Performing Talairach alignment

The AC-PC image that was generated now needs to be aligned in the
Talairach coordinate system. Talairach alignment consists in scaling the
brain to match its boundaries with those of the Talairach atlas. It is a 12
degrees of freedom, piece wise linear transform. It brings the AC, PC, and
anterior, posterior, left, right, inferior, and superior boundaries of the brain
to normalized positions (Figure 24 on page 31).

After the AC-PC image is generated, it is necessary to find the six most
anterior, posterior, left, right, inferior, and superior points, or, alternatively,
the bounding box enclosing the brain. These points, along with the AC-PC
landmark points, define a set of 12 boxes. In each box independently, the
image is scaled along the three dimensions of the Talairach coordinates.
Continuity is guaranteed since the boxes share common faces.

Talairach alignment is nonlinear as it scales differently the 12 boxes. Any
direct measurement in this coordinate system is irrelevant: voxels have a
different resolution in different boxes. For this reason, it is important to
have the ability to bring back any Talairach-aligned image into the original
image or the AC-PC aligned coordinates.

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 30
7/12/05



Chapter 3, Labeling and Measuring Brain Components in Talairach Space

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Axial view

Sagittal view Coronal view

70

74
23

42
79

Most anterior to AC 70 mm Most inferior to AC 42 mm Length of cerebrum 172 mm
ACto PC 23 mm AC to most superior 74mm Height of cerebrum 116 mm
PC to most posterior 79 mm AC to left or right 68 mm Width of cerebrum 135 mm

Figure 24. Performing 12-piece-wise linear transformation of the brain into Talairach alignment

To perform Talairach alignment

1 Select the AC-PC image in New image to transform box in the Talairach
Transform dialog box (Figure 25).

2 Select Talairach. The Create Talairach Image dialog box (Figure 26 on
page 33) appears on top of a triplanar view of the AC-PC image.

posterior, most superior, most inferior, most left, and most right points. The

V Tip: The goal at this point is to mark the limits of the brain: most anterior, most
exact location of the points is not important as long as they bound the cerebrum.

3 Select Most anterior point in the Create Talairach Image dialog box.

4 Go to the triplanar view of the image. Select the point that is the most
anterior point in the image. The important information is the position of
the green line.

5 Click Set in the Create Talairach Image dialog box.

6 Repeat this procedure for the remaining points. When you finish setting
the points, the Apply button becomes available.
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Talairach Transform g|

 Transformations

ACPC

Talairach

Transform information | Select the AC-PCimage in
Load H S New image to transform
New image to transfonm:
Brsran_acpe - | L%%
Bryan_acpe
Bryan acpe ¥
interpolation: | Trilinear -

‘ Compute

Figure 25. New image to transform box in the Talairach Transform
dialog box

7 Click Apply. A status message appears during processing. When
processing is complete, the Talairach aligned image (Figure 27) appears.

8 Click = to refresh the list of images in New image to transform. The
transformed image, whose title is the name of the original image
followed by _acpc_Tlrc, appears in the list (Figure 28 on page 34).

At this point, you may want to save the Talairach transform. Doing so
eliminates the need to repeat the Talairach process for this dataset. If
interruptions at this point prevent you from completing tasks 2 through
6, saving the transform allows you to resume where you left off.

The transform is saved as a text (.txt) file.

Note: You can use the Talairach transformation to bring other co-registered
images into Talairach space and to send atlas information into the original image

space.

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 32
7/12/05



Chapter 3, Labeling and Measuring Brain Components in Talairach Space

® EEX

File Options
P & a1 AL e | BEX] cw
sezeoD | a0 [BPow | W W9 H

I— L.

¥ Create Talairach image @

Select point type

) Mlost anterior point
() Wost posterior paint

(3 Most superinr point
() Wost infericr point
) Most left point

) Most right point

Ahzolute
X: % Set

Y: 118
Z: 86 Cancel

el
LAY

Figure 27. Talairach-aligned image
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aaaaaaaaaaa ge Processing Analysis & Visualization

Talairach Transform g| Talairach Transform rZ|

"Tra.nsﬁmnauons  Transformations The name of the Talairach image is
- the name of the original image (in
The name of the AC-PC image is —— R this case, Bryan) followed by
the name of the original image (in Telairach TR _acpa_Tlrc.
this case, Bryan) followed by 7
_acpc. Transform information Transform inforaation /
Ld | s | | Ld | s /|
New image to transform New image to transfonm:
Bryan_acpe - | l.j& [Bayram_acpe_Tle b I@

NE! arpe Tl ¥

Bzz_ 5 arpec ¥ m arpe W
B

interpolation: | Trilinear - ur.%mf,l.- e -

‘ Compute ‘ ‘ Compute |

| Close ‘ | Help | | Close | ‘ Help ‘
(A) (B)

Figure 28. Labeling of AC-PC images and Talairach images

To save the Talairach transform (recommended)

1 Select the Talairach-aligned image that was generated.

2 Click Save in the Talairach Transform dialog box. The Save Talairach
Transform File dialog box (Figure 21) opens.

3 Navigate to the directory in which you want to save the transform.
4 Type the file name for the transform and the extension .txt.

5 Click Save. The Talairach transform is saved in the folder you specified.

Note: The Talairach transform file is a text document that can be read with any
text editor, such as Microsoft Notepad.
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B BryanTalairach.txt - Notepad
File Edit Format Yiew Help

Talairach Transform Info File (do not edit)
ACPC aligne

Talairach aligned

- original Image -

AC: (125.0, 113.145836, 60.9368%)

PC: (125.0, 145.0, G0.0)

Res: (00,9375, 0.9375, 1.5)

Dim: (255, 256, 124)

orient: (1.0, 0.0, 0.0, 0.0, 0.9988946, -0.0470068, 0.0, 0.0470068, 0.9983048)
- AC-PC Image -

AC: (95.0, 95.0, F0.0)

PC: (95.0, 124.8%9633, 70.0)

Res: (1.0)

oim: (192, 23§, 171)

Min: (26.0, 38.0, 37.0)

Max: ¢157.0, 187.0, 135.0)

- Talairach Image -

AC: (B0.0, B0.0, 65.00

PC: (8B0.0, 103.0, 65.0)

Res: (1.0147059, 0.9117647, 0.5L428576, 1.2995406, 0.91270455, 0.7557143, 0.87837833)
cim: (161, 191, 15130

Figure 29. An example of a Talairach transform file, which is a text file
To view the Talairach settings for the Talairach-
transformed image

1 Select the Talairach-transformed image.

2 Select Image > Attributes > Edit Attributes in the MIPAV window. The
Image Attributes dialog box opens.

3 Click Talairach. The Talairach page appears.

4 Enlarge the Image Attributes dialog box (Figure 30) to show all of the
fields in the dialog box.

The settings in the Talairach group should now reflect the settings for
the Talairach-transformed image. The Talairach page should also still
show the settings for the AC-PC transformed image.

5 Click Close. The Image Attributes dialog box closes.
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| Image Attributes: Bryan_acpc_Tirc 76

Orig Orient: [1.0 | oo | oo
0.0 | [0.9973658 | [n.o72535m0
0.0 | [n.o725357 | [o.9873659
ACPC AT 950 | w50 | 7o
ACPCEC: (950 | [134.27120 | [ro0
ACPC Die: (192 | 238 | [i71
ACPCRes: [1.0 |
[ Include Talairach
~Talairach
ACPCMin:  [27.0 | |a9.0 | [s7.0
ACPCMax  [156.0 | |z08.0 | J1350
Talairach AC: 80,0 | 200 | 5.0
Talsirach PC: 50,0 | 1030 | |50
Talairach Res:  [1.0 | [o.88705884 | |nes71429
[1.7074473 | [0.9332748 | [o.7e57143
[n.a7a37833 |
Talsitach Dire: 161.0 | 1810 | 1810
Load Save
‘ Apply H 0K H Close ‘

Figure 30. Image Attributes dialog box showing both the AC-PC settings
and the Talairach settings
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Task 2, Applying Talairach VOIs

The Talairach atlas includes five levels:

Talairach Level 1—Main structures (left, right cerebrum,
cerebellum, brain stem, and so on)

Talairach Level 2—Lobes (temporal, frontal, parietal, posterior,
occipital, limbic, anterior, midbrain, and so on)

Talairach Level 3—Gyri (temporal, precentral, fusiform, thalamus,
ventricles, and so on)

Talairach Level 4—Matter (white matter, gray matter, CSF)

Talairach Level 5—Brodmann areas (areas 1-47, hippocampus,
putamen, and so on)

To apply Talairach VOIs

1

2

Select the Talairach-aligned image.

Click VOI > Open VOI in the MIPAV window. The Open VOI dialog box
appears.

Navigate to the directory where you saved the Talairach atlas
(Figure 31).

Click Talairach atlas folder (Figure 31A). The Talairach level folders
open (Figure 31B).

Click one of the Talairach level folders that you want to use (Figure 31B).
The folder opens showing all of the applicable VOIs for that level
(Figure 31C).

Select one of the VOIs.

Click Open. The selected VOI appears on the Talairach-aligned image
(Figure 32a).

Repeat steps 2—step 7 until all of the VOIs that you want to see are
displayed on the image (Figure 32).

Note: The Talairach transformation deforms the brain. Measurements are not
correct in Talairach space.
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aaaaaaaaaaa ge Processing Analysis & Visualization

Look In: | [ BrainAtlases

T Talairach

Look In: | Talairach - | @ @ @

Jjjalairach-lwelf
=7 Talairach-level2
7 Talairach-level3

File Name: ,: S:::Z:;:E::x:: Look In: |ﬁ Talairach-level1 0 | @ @ @ |

BHES abIvIiE: @ [ Inter-Hemispheric.xml
D Left Brainsterm.xml

[ Left Cerebellum.xmi
File Name: ’: [ Left Cerebrum.xml
Files of Type: | Specif |[) Right Brainstem.xml |
| |[) right cerebellum.xmi
D Right Cerebrum.xml

%0 Open VOI

File Hame: |Right Brainstern.xml |

Files of Type: | Specific files (*.xml; *voi) - |

| open || cancel

Figure 31. Navigating to the correct Talairach folder: (A) the Talairach folder; (B) the five levels
of Talairach folders, and (C) the VOIs in the Talairach level 1 folder
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=

EP;*] Talairac.. T_P;] Talairac.. | ral Talairac. .. EWEEl 73;] Talairac... E|@[E|

FrITN

_

(A) Right brainstem (burgundy) (B) Right brainstem (burgundy) and  (C) Right brainstem (burgundy), (D) Right brainstem (burgundy),
Interhemispheric (green) interhemispheric (green), and left interhemispheric (green), left
brainstem (turquoise) brainstem (turquoise), and left

cerebellum (teal)

Figure 32. The sequence of images that results as you apply each desired VOI one at a time

You can add as few as one or as many VOIs as you want to appear on the image. Note that each VOI appears
in a unique color.
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Task 3, Segmenting the original image

You can segment the original image using either the FANTASM plug-in
program or the Fuzzy C-Means algorithm. The FANTASM plug-in program,
a different version of the Fuzzy C-Means algorithm, provides segmentation
that is less sensitive to noise. This section provides directions for both:

e Using FANTASM to segment the image

e Using the Fuzzy C-Means algorithm to segment the image

To use the FANTASM plug-in program

1 Select the original image.

2 Select Plug-In > Algorithms > FANTASM. The FANTASM dialog box

opens.
B2 FANTASM
~Parameters
Hurnber of desired classes 3
Smoothing parameter 0.1
; : I Select either:
Iladrure diffbrence M \ + 2 classes if CSF is already stripped off image
+ 3 classes if it is not
Iladrrnar marebet of iterations |50
[[] Use outlier class:
[¥] roanal initialization
Select Hard only for just
[ Background cropping: performing measurements.
0.0
Region | | Segmentation
® Hard only
(®) Whole irage
) Fuzzy only
) WO region(s)
) Hard and fuzzy hoth
QK ‘ | Cancel | ‘ Help

Figure 33. FANTASM dialog box
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3 Complete the dialog box:

» In Number of desired classes, select either 2 classes if the CPF was
stripped off the image previously or 3 classes if the CPF is still in the
image.

» In Segmentation, select Hard only, which is the only segmentation
needed for measurements.

4 Click OK. The Initial Centroids dialog box opens.

l_r;‘] Initial Centroids
~Enter Inital Ceniroids
Centroidf1] (0010 137.0) [34.24]
Centroid[2] (0.0 to 137.0) |25

Centroid[3] (0.0 to 137.0) [102.75

OK | ‘ Cancel |

Figure 34. Initial Centroids dialog box

5 Click OK.

A series of progress messages appear, and data appears on the Data
page in the Output window (Figure 35).

57

T_'é] Output

File Edit

B0 e & |

Data | Debug |

| »

centroids: (59.792114, 93.1 59326}
centroids: (59.236918, 93.19254)
centroids: (59.27982, 03.22204)
centroids: (55.92233, 93.24855)
centroids: (59.962713, 93.272833)
centroids: (55.999317, 93 25456)
centroids: (60.035362, 93.31503)
centroids: (60.06259, 93.33523)
centroids: (60.10067, 93.35107)
centroids: (60.13199, 93 26222)

Figure 35. Data on the Data page in the Output window
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In a few moments, processing completes, and an image appears
(Figure 36A).

4 bryan_seg1 627124 M:1 n@@@

Figure 36. FANTASM image

To use the Fuzzy C-Means algorithm

1 Select the original image.

2 Select Algorithms > Fuzzy C-Means > Single Channel (Figure 37) in the
MIPAV window.

| Filters (spatial) k
| Filters (wavelet) 4
-.F-'.u:.'.:_sy'-C—means ; ¥ Muliispeciral
Histogram Equalization b Single channel

Histogram Matching [

Figure 37. Fuzzy C-Means > Single Channel command on the Algorithms
menu

The Fuzzy C-Means dialog box (Figure 38 on page 43) opens.

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 42
7/12/05



Chapter 3, Labeling and Measuring Brain Components in Talairach Space

MIPAYV
L';‘] Fuzzy C-means
~Parameters
Mureber of desited classes 3
Desired exponent valus 2
| Select either:
End tolerance. b0t \ + 2 classes if CSF is already stripped off image
+ 3 classes if it is not

Mlazarourn nureber of iterations {200

: Select Hard only for just

Signal threshold u performing measurements.

[¥l Background cropping
~Region Segmentati

/ Recommendation: Use the same parameters
= ] Ha_rd o_nl;_r in the Fuzzy C-Means dialog box as you used in the
Select Background ] Fuzzy only FANTASM dialog box so you get a similar result.
cropping. (7 Hand and fzzyr both
0K H Cancel H Help ‘
Figure 38. Fuzzy C-Means dialog box
3 Complete the dialog box:

» In Number of desired classes, select either 2 classes if the CPF was
stripped off the image previously or 3 classes if the CPF is still in the
image.

» In Segmentation, select Hard only, which is the only segmentation
needed for measurements.

4 Click OK. The Initial Centroids dialog box (Figure 39) opens.
4 Initial Centroids
~Enter Inital Ceniroids
Centroid[1] (0.0 10 137.0) |45 666668
Centrod[2] (0.0 to 137.0) (399 233336
‘ 0K ‘ ‘ Cancel ‘
Figure 39. Initial Centroids dialog box
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5 Click OK. A series of progress messages appear. In a few moments when
processing completes:

 Data appears on the Data page in the Output window (Figure 40)

[’;‘] Output: bryan_sepi

birsan intensity = 85 count = 7252502 volurne = 95614040 cubic Millimeters

hiyran intensity = 170 connt = 307462 voluwe = 32300775 cubic Millimeters
brgran intensity = 255 count = 476500 volume = 628198 25 cubic Millimeters

Figure 40. Data on the Data page in the Output window

* Animage appears (Figure 41).

0 bryan_seg1 627124 M:1 ug@gj

Figure 41. Image produced by using Fuzzy C-Means algorithm
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Task 4, Transforming Talairach image and
Talairach VOIs- to the original image

1 Select the Talairach image on which you added VOIs.

2 Go to the Talairach Transform dialog box (Figure 42).

Talairach Transform E| Talairach Transform [E|
Transformations || |/ Transformatons |
ACPC ACPC
Talairach Talairach
Select Talairach Transform inforration Transforn inforaation

image in New
image to transform. Load || Sanve | | Load || Save Then select Tlrc to orig
in Transformation.

Wewr irnage to transform: Wew irnage to transform:

[Bryan v-:| e | Bryan_acpc_The

L=
acpc ¥ transformation: ?'"-,»:-""' H
— ’ : ——|onig to acpe
hd interpolation: Tnlmorigto The

| | Compl®P° to Tl

Help ‘ ‘ Close ‘ ’: " :

Figure 42. Transforming Talairach image and VOIs to a copy of the original image

3 Select Talairach image in the New image to transform list.
4 Select Tlrc to orig in the Transformation list.

5 Click Compute. A series of progress messages (Figure 43) appears.
When the processing is complete, a copy of the original image with the
VOI labels appears (Figure 44).
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[’;‘] Talairach image 66% E@

process VOI (Midbrain)

[ | 64

Cancel
Figure 43. A progress message that appears when VOIs are transferred
to the original image
5 bryan_TT_TT 61124 ... [2 D)X
Figure 44. Copy of original image with Talairach transform and copied
VOIs
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Task 5, Copying Talairach VOIs! to segmented
images

You can copy Talairach VOIsto segmented images using one of two
methods:

¢ Copying and pasting VOIs—Instead of saving and opening all of
the VOIs, you use the keyboard to copy the VOIs from the Talairach
image and then paste them on the segmented image.

e Saving and opening VOIs—In this procedure you first save all of
the VOIs on the Talairach image and then open all of them on the
segmented image. This method does provide a saved copy of the VOIs
if, for some chance, they are needed again. However, saved copies take
up space on the workstation or on storage media.

method: it is faster and does not require space on the workstation or on

V Tip: Generally, copying and pasting VOIs using the keyboard is the preferred
storage media.

This section explains both methods.

Caution: Do not use the Group VOIs and Ungroup VOIs for this task.

To copy and paste VOIs using the keyboard

You can copy VOIs and contours individually, in groups, or in total. The
following directions explain how to copy and paste all of the VOIs and their
contours using the Ctrl and Shift keys and selecting VOIs with the mouse.
For other keyboard and mouse combinations, refer to Table 2.

1 Select the Talairach image on which you applied VOIs (refer to “Task 2,
Applying Talairach VOIs” on page 37).

2 Press and hold down Ctrl and Shift.

3 Select one of the VOIs in the Talairach image. MIPAV highlights the VOI
in black.

4 Select another VOI. The product highlights that VOI in black.
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5 Continue selecting VOIs until all of the VOIs are selected.

6 Select on the VOI toolbar. Release the Ctrl and Shift keys.

7 Select the segmented image that was generated in “Task 3, Segmenting
the original image” on page 40.

8 Select ' on the VOI toolbar. MIPAV copies all of the VOIs that you
selected

Note: You can also use Edit > Copy VOI instead of the copy icon and Edit >
Paste VOI instead of the paste icon.

To save and open VOIs

1 Select the Talairach transformed version of the original image that was
generated in the previous task.

2 Click VOI > Save All VOISs to. The Save dialog box opens.

3 Navigate to the directory in which you want to store the VOIs and click
Save.

4 Select the segmented image generated in “Task 3, Segmenting the
original image” on page 40.

5 Click VOI > Open All VOIs from. The Open dialog box opens.

6 Navigate to the directory in which you stored the VOIs, and click Open.
The VOIs appear on the segmented image.
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Table 2. Copying contours and VOIs using the keyboard

To select . ..

Then do this ...

Only one contour in a VOI
or a VOI in which there is
only one contour

1.Select the Talairach image on which you applied VOIs (refer to “Task
2, Applying Talairach VOIs” on page 37).

2.Place the cursor over the contour or VOI and select it. MIPAV
highlights the contour or VOI.

3.Select the image to which you want to place the contour or VOI (refer
to “Task 3, Segmenting the original image” on page 40).

4.Select =, or select Edit > Paste VOI. The VOI appears on the image.

The entire VOI, including
all of its contours

1.Select the Talairach image on which you applied VOIs (refer to “Task
2, Applying Talairach VOIs” on page 37).

2.Press and hold down Shift.

3.Place the cursor over any of the contours in a VOI and select it. MIPAV
highlights the entire VOI, including all of its contours, in black.

4.Select on the VOI toolbar. MIPAV copies the VOI.

5.Select the image to which you want to place the contour or VOI (refer
to “Task 3, Segmenting the original image” on page 40).

6.Select , or select Edit > Paste VOI. The VOI appears on the image.

Copy contours in different
VOIs

1.Select the Talairach image on which you applied VOIs (refer to “Task
2, Applying Talairach VOIs” on page 37).

2.Press and hold down Ctrl.
3.Select a contour. MIPAV highlights the contour in black.
4 .Select another contour in another VOI.

5.Continue selecting contours until all of the ones you want to copy are
selected.

6.Select on the VOI toolbar, or select Edit > Copy VOI. MIPAV copies
the contours.

7.Select the segmented image to which you want to place the contours
(refer to “Task 3, Segmenting the original image” on page 40).

8.Select , or select Edit > Paste VOI. The contours appear on the
image.
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Table 2. Copying contours and VOIs using the keyboard (continued)

To select . .. Then do this .. ..

Copying more than one 1.Press and hold down Ctrl and Shift.

Wel, it el Gl sy 2.Select a VOIL. MIPAV highlights the entire VOI, including all of its

contours
contours.
3.Select another VOI. Both this VOI and the first VOI are highlighted.
4.Repeat the previous step for as many VOIs as you want to copy.

.
5.Select on the VOI toolbar. Release the Ctrl and Shift keys.
6.Select the segmented image that was generated in “Task 3,
Segmenting the original image” on page 40.
7.Select " on the VOI toolbar. MIPAV copies all of the VOIs that you
selected to the segmented image.
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Task 6, Calculating statistics on VOIs

1 Select a segmented image that was produced in task 5.

2 Select VOI > Statistics Generator in the main MIPAV window. The
Calculate Statistics on VOI Groups window opens and displays the VOI
Selection page (Figure 45 on page 52).

The VOI group list on the left of the window lists all of the VOIs that are
in the image.

3 Make sure that the path and file name listed in VOI Statistic File
Destination is correct. The path indicates where MIPAV should place
the statistics file; the file name is the name of the statistics file.

To change the path and file name, do either of the following;:
* Click Browse to navigate to the correct directory and file name.

» Type the correct path and file name over the current path and file
name.

4 Select the VOIs in the VOI group list on which you want to generate
statistics (Figure 45).

5 Click the right arrow. MIPAV moves the selected VOISs to the list on the
right (Figure 45).

6 Select the Statistics Options tab. The Statistics Options page (Figure 46
on page 52) opens.

7 Select the statistics that you want to be generated in Statistics to
Calculate list.

To select all of the statistics, click Select all.
8 Select Exclude pixels from calculation.

9 Change the value of Exclude Pixels from Between to Outside.
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Calculate Statistics on YOI groups

Options

YOI selection

~VOI group list

Left Cerebrum
Inter-Hemispheric
Right Brainstem
Left Brainstem
Left Cerebellum

Inter-Hemispheric
Right Brainstem
Left Brainstem
Left Cerebellum

VEFXEA

VOIS

istic File Desti

C\Docurments and Settingsitirapkodioi statistics table

- Ouiput Format

(®) Tab-Delimited

0 WAL
XL

Calculate | | Close

Figure 45. Calculate Statistics on VOI Groups window showing four VOIs that were moved to the

right list

[¥] fveg Voxel Intensity
[¥] 5td Dev of Intensity
[Vl Center of Mass

[¥] Principal Axis

[¥] Eccentricity

Ctaietice 1 ealoutak 5 options
V] #of Voxels () By contour & slice
[Vl Volurae ) By slice only
[V] Lirea (@) By total VOI
[¥] Min Intensity [ Show all totals
X You can exclude pixels between, o
V] Max Infensity above, below, and outside the  Pixel E

levels that you setin the followin - :
boxes. To d};lermine the imensit‘,Ig ] Exclude Pirels from Caloulation
level,click on any point in the Exclude Piels

image. The intensity level for that “"}Between

point is displayed at the battom

left of the MIPAV main window.

= |

|-3.4028235E38] - [3.4028235E38 |

Select all | |

Clear |

| Calculate || Close

Figure 46. Statistics Options page in the Calculate Statistics on VOI Groups window
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10 Insert the range of pixels that you want to exclude in the boxes.

To check the intensity level of the pixels in the image, click on any point
within one of the VOIs (Figure 47). MIPAV displays the intensity level at
that point on the left bottom of the MIPAV main window.

5% bryan_seg 624124 M:1.0 (= [B][X]

[‘é] MIPAY: bryan_seg 62/124 M:1.9
If you click on any point in an
image (in this case, a VOI),
MIPAV displays the intensity

IS | T | &[0 & O { rewlofthepieisatthat
F2mo | H -
Scripts Home..| Current Script:  ~ | 1 |

PEHSS WEFKOEE | 4

i Image slice

0] B8 | A B

1

3 142 ¥: 78 Intensity: 2.0 ¥

Figure 47. Finding the intensity level

Example: If the intensity level of the gray matter is 2, exclude pixels outside the
% range 1.5-2.5 or 1.9-2.1.

11 Click Calculate.

The Logging page (Figure 48 on page 54) opens showing a table of the
statistics.

Note: If a message appears asking you whether to overwrite the file, refer to
“Overwriting the VOI Statistics File” on page 54.
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'3;43 Calculate Statistics on YOI groups

Options
] | Logging |

Mame, Slic..] # of Voxels | Vaolume Area Min IntensigﬂMaxlntensi Avig Woxel I...|Std Devofl..| Center of .. | Principal A... Eccentricﬂﬂ

Left Cerehr... 420576 5544703 SE0E4E.88 250 2550 19943196 |59.70195 w9845y L |16.720752 007500066
I !
||Fn:mtal Lobe 2182 2g76.6602 19177734 250 2550 10049037 |A2.007664 940w 7. (20104702 019689272
I !
||Inter-Hemjs... 502 TE046ETS (5203125 250 2550 12102027 4935176 w1250y .. 8994597 0.5055366
I ! .
||Rjght Brain... 390 51416016 34277344 250 2550 21751282 4RATTTLS w1320 .. (2412834 028401718
I ! !
||Leﬁ Brainst...|429 5655762 37005078 250 2550 21041950 (51091232 w1170y . |-E341358 022043432
I !
J[Left Cerebel..[411 5412457 36123047 250 2550 18427008 40523674 w730y 1. |-85.48532 0.24027266

|
Calculate | | Close

Figure 48. Logging page in the Calculate Statistics on VOI Groups window showing a table of the
generated statistics

Overwriting the VOI Statistics File

If statistics were written to the statistics file in the past, a message may
appear asking whether to overwrite the previous statistics table.

File exists...

“C:iDocuments and Settingstimpkodwoi.statistics.table™ already exists.
What do you want to do with it?

| Overwrite || Cancel

To overwrite the file, click Overwrite.

To cancel, click Cancel, and change the file name in VOI Statistic File
Destination on the VOI Selection page.

To always overwrite the statistics file, either select Options > Overwrite
file automatically or press Alt O.

To clear the Logging page, either select Options > Clear Log Window or
press Alt C.

Technical Guide 1: Labeling and Measuring Brain Components in Talairach Space 54
7/12/05



Chapter 3, Labeling and Measuring Brain Components in Talairach Space

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Viewing the Talairach grid on Talairach images

Once a Talairach image is generated, you can display the Talairach grid on
top of the image in a triplanar view.

1 Open the Talairach image that you generated.

2 Select Image > Views > Triplanar, or click 5 , the Triplanar icon in the
MIPAV window. The triplanar view of the image appears.

3 Select Options > Show Talairach Grid in the triplanar window. The
Talairach grid appears on each of the three images.

4 Select Options > Show Talairach Position in the triplanar window
(Figure 49). The letters and numbers for the Talairach grid appear on
the grid (Figure 50).

To view the Talairach grid and markers on
the image in the triplanar view, select
Show Talairach Grid and Show Talairach
Grid Markers

X Bryan_acpc_Tire M:2.0
File | Options

%+ | ¥ Show Axes PT
¥ Show Talairach Grid

| ¥ Show Talairach Grid Markers

AT EITIOTL

Figure 49. Talairach commands on the Options menu in the triplanar
view

5 Close the triplanar window when finished.
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Megical Image Processing Analysis & Visualization

X

¥ Bryant_acpe_Tlrc M:2.0
File Options

B oaan @ 52 my #£EX | om
/rzeoD| -om i Bow [ % | W 5| H

=
r

[BELS

= APre [ cl ol d el ol al

Yolume coordinates Talairach
X:81 37.183
Y: % 63.627
Z:T6 86.744

Figure 50. Triplanar view of the Talairach image overlaid with both the Talairach grid and
Talairach position numbers and letter
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