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About This Document

Preface

Welcome to the Getting Started Guide for the TMS Neuronavigator! While TMS
neuronavigation has been part of the widely used multi-modal neuroimaging software
package BrainVoyager QX, the TMS Neuronavigator is a standalone neuronavigation-focused
software package. With a simplified application-focused user interface, this new software
makes neuronavigation easier. The TMS Neuronavigator uses the same file formats as
BrainVoyager QX. Jointly used, both software packages offer powerful application and
analysis options.

This guide can be used as a self-study tutorial and describes the essential features of the
software and the complementary hardware components.

Explanation of symbols used in this tutorial

& ) 0

setup information click type save stop

Hardware and Software Requirements

The TMS Neuronavigator runs on Windows Vista/7/8, both 32-bit and 64-bit versions. Please
take the following hardware requirements into account:

CPU: multi-core processor
Memory: 4+ GB
Graphics: NVIDIA GeForce or Quadro, ATl Radeon or equivalent with 512+ MB

dedicated memory
USB 2.0 or 3.0 Ports: minimum 4

Monitor: diagonal: minimum 20”
Primary Storage: 500+ GB hard drive, maybe also an external second hard drive (1 TB)
Contact

Brain Innovation bv

Visiting and Mail Address:

Oxfordlaan 55

6229 EV Maastricht Phone: +31 (0)43 2100120
The Netherlands Fax: +31(0)43 2100121



http://www.brainvoyager.com/

About This Document

Please contact our Sales team for questions regarding Sales/Licensing/Repair:

Provide license ID, computer system specifications, and describe the faulty part or
malfunction of the system. Please also contact the sales team for legal terms and conditions
(document available).

Please contact our support team for questions regarding the integration of new TMS coil
models in the software, the usage of the software and in case you encounter an error in this
document or in the software:

We are happy to answer your questions to the best of our knowledge.

For more general TMS or Neuronavigation questions you are welcome to contact Prof. dr.
Alexander Sack:

Zebris Medical GmbH

Visiting address: Contact via:
Max-Eyth-Weg 42 URL: www.zebris.de
88316 Isny, Germany Phone: +49 (0)7562 9726 0

Fax: +49 (0)7562 9726 50

Please contact Zebris Medical for questions concerning the CMS20 system and its related
hardware components.

Tutorial Data

Scanning Session Information

MRI Scanner: Siemens 3T MAGNETOM Prisma
RF Coil: 64-Ch Head-Neck Coil

Intra-Session Anatomical 3D Scan (MPRAGE)

Voxel Resolution: 1.0x1.0x 1.0 mm?

Number Of Slices: 192

TR: 2250.0 ms

TE: 2.21ms

Matrix: 256 x 256

Orientation: Sagittal

First Image: miclue_140514_GSG -0002-0001-00001.dcm
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About This Document

Experiment Finger Tapping
Conditions: Fixation
Right Index Finger
Left Index Finger
Number of Slices: 37
Slice Thickness: 3.0mm
Gap Thickness 0.0 mm
FoV: 196 mm x 196 mm
Matrix: 98 x 98
Number of Volumes: 290
TR: 2000.0 ms
TE: 25.0 ms
First Image: miclue_140514_GSG

-0010-0001-00001.dcm

Experimental Design

Stimuli were presented with StimulGL, a free and open-
source stimulus presentation framework

( ). The
finger tapping experiment described in this document is
made available as an example tutorial by the StimulGL
installer. Please contact Sven Gijsen

( ) for more details.

The participant was presented with alternating blocks of
rest and task.

During rest a white fixation cross was presented in the
center of the screen together with a drawing of a hand
left or right to the cross- depending on the subsequent
task block (tapping with left or right index finger). This
ensured that the participant knew in advance which type
of finger tapping would follow next.

Stimulation Protocol
1 run, block design

Volume Condition
Number Name
1-10 Rest

21-30 Rest

41 -50 Rest

61-70 Rest

81-90 Rest

101-110 Rest

121-130 Rest

141 - 150 Rest

161-170 Rest

181-190 Rest

201-210 Rest

221-230 Rest

241 - 250 Rest

261-270 Rest

281 - 290 Rest

During task blocks the participant viewed a fixation cross with a flickering red image of a hand
and the letter “L” left or the letter “R” right to the cross. The participant was instructed to
perform finger tapping with the index finger of the same side as indicated on the screen and

with the same frequency (2 Hz).

Left Index Rest

Rest Tapping (2 Hz)


https://sites.google.com/site/stimulgl/home
mailto:sven.gijsen@maastrichtuniversity.nl
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Part I Parts and Setup

1. Components of the Neuronavigation System

The TMS Neuronavigator consists of the TMS Neuronavigator software (Brain Innovation BV,
The Netherlands) and an ultrasound-based position and motion measuring system CMS20
(Zebris Medical GmbH, Germany). Please check whether you have all items described below
readily available.

1. The TMS Neuronavigator software (TMS NN) (including the license information)
2. The CMS20 position and motion measuring system with the following components:
2.1. The CMS20 Basic Unit

connecting the ultrasound transmitters, the ultrasound microphones and the
computer running the TMS NN

2.2. The Power Adapter for the Basic Unit
Input: 100-240V, Output 18V/840mA




Parts and Setup

2.3. A USB Cable
connecting the Basic Unit with the computer running the TMS NN

2.4.  The Digitizer Stick (or Pointer)
with two ultrasound transmitters, used for the coregistration of the head
mesh and TMS coil mesh with the real head and TMS coil

2.5.  Three Single Ultrasound Transmitters (Head Marker 1 -3)
which will be attached to the participant’s forehead and nose, providing real-
time information about the head position

2.6. One TMS coil holder
can be attached to most TMS coil handles (diameter: 25 — 30 mm)

EEeR e )
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2.7.  One Triple Ultrasound Transmitter (Coil Marker 1- 3)
screwed to the TMS coil holder, provides information about the TMS coil
position

2.8. The Measuring Unit MA-XX 2 with the Floor Stand
including three ultrasound microphones, receiving ultrasound signals from
the transmitters (head markers, triple coil marker, Digitizer Stick)

2.9. Adhesive Stickers
to attach the three single ultrasound markers to the participant’s face

—

\
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Parts and Setup

All Hardware Components

2. Setup Instructions

@ The CMS20 basic unit is the heart of the system and connects all components required
for TMS neuronavigation.

Please note that the best measurement conditions exist in large rooms due to reduced
sound reflection.
Simple measures for sound absorption may be taken to improve the measurement
conditions:
1) Avoid, if possible, smooth metallic and glass surfaces, as well as parquet
flooring or tiles.
2) Put up curtains and use a carpet if possible.

12
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%!—‘

Start the setup of the neuronavigation system by connecting all ultrasound markers as
well as the measuring unit to the correct plug-positions of the basic unit.

The connectors have to be turned such that the painted arrows are on top before
plugging them into the same-colored plug positions of the basic unit.

LED: indicating connection

Grey: Measuring unit with computer and power

socket

Blue: Single head
markers

Red: Triple coil marker

Yellow: Digitizer Stick

Afterwards turn the basic unit around and attach the power
adapter and the USB cable.

11! Do not connect the USB cable
to the computer yet !!!

SYNC IN

13



Parts and Setup

3. Installation of the Software

1.  Place the TMS Neuronavigator n
@ installation CD into the (<5
CD/DVD drive of your setup_tmsne

urcnavigator

computer, copy the installer to

Open
the desktop and run the .
i L. Pin to Start
installer as administrator: B
setup_tmsneuronavigator_zeb Troubleshoot compatibility

_v14 Win32.exe

Ignore the Windows User " User Account Control
Account Control Warning and

s

Do you want to allow the following program from an
. “« ” | . .
click on “Yes”. unknown publisher to make changes to this computer?

Program name:  setup_tmsneurcnavigator_zeb_v124_Win32_nl.exe
Publisher: Unknown

File origin: Hard drive on this computer

Program location: "CA\Users\BI-Stim\Desktopsetup_tmsneuronavigat...

(W) Hide details Ves No

Change when these notifications appear

14
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3. Follow the instructions of the fis TMS Neuronavigator - Installation Wizard
% installer.
Welcome to TMS Neuronavigator!
TMS Neuronavigator |s a powerful program for precise
TMS neuronavigation. It's realtime performance and
rich 3D visualizations of markers, coils, head and brain
meshes enable precise navigation to anatomically and
functionally defined target regions.
The Installation Wizard will install TMS Neuronavigator
on your computer. To continue, click “Next ="
< Back I onext> | | Cancel
4. Make sure the TMS fis TMS Neuronavigator - Installation Wizard
% Neuronavigator is installed for Customer Information
a” user aCCOUntS on the Flease enter your information.
Computer. User Mame:
|B1-5tim
Organization:
IBrain Innovation
Install this application for:
I@ Anyone who uses this computer (all users) I
() Only for me (BI-5tim)
Meuronavigater
< Back I Mext > I Cancel
5. Keep the default choice # TMS Neuronavigator - Installation Wizard
% “Complete” and confirm with Setup Type
IIN eXt” Choose the setup type that best suits your needs.

Flease select a setup type.

(@) Complete

All program features will be installed. (Requires the most disk
space.)

D Custom

Choose which program features you want installed and where they
will be installed. Recommended for advanced users.

MNeuronavigater

< Back |I Mext = I | Cancel

15



Parts and Setup

6. Install the TMS Neu ronavigator fis TMS Neuronavigator - Installation Wizard

% by clicking on “Install” Ready to Install the Program '
The wizard is ready to begin installation.

Click Install to begin the installation,

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard,

Meuronavigater

<pack | sl | cancel |

7. Finish the installation. fis TMS Neuronavigator - Installation Wizard

B

Installation Wizard Completed

Start the TMS Neuronavigator
by double clicking on the “TMS Q
Neuronavigator” icon on the Fms
desktop. Neuronavigat,

(P>

16
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A new window will open for
software license specifications.

Please copy the hardware ID to
the clipboard via the “To
Clipboard” button and paste it
in an email to:

Please also provide the name,
email address and postal
address of the license owner.

The Brain Innovation support
team will generate a license
key for you and send it via
email to the license owner.

Open the TMS Neuronavigator
via the icon on the desktop. In
the appearing window specify
the field “License to”: use the
name of the license owner
that you sent to Brain
Innovation. Copy and paste
the license key in the field
“License key:” by clicking on
“From Clipboard” and
“Activate” the license.

Part |

[3 License Information

Flease enter the provided license key and activation name

License to:

Hardware ID: | DA39A3EESESB4B0D3255BFEF9560 1830AFDBO709 I To Clipboard I

Load Key...

From Clipboard
License key:

Activate

License information

Valid until: Up to version:

Pro version:

Close

0 License Information

Please enter the provided license key and activation name

License to: |Jane Doe

Hardware ID: | DA39A3EESEGB4E0D32556FEF95601890AFDB0709 To Clipboard
XYZ123 Load Key...
From Clipboard
License key:

I Activate I

License information

Valid until: Up to version:

Pro version:

Close

4. Installation of the Zebris CMS20 Driver

1&

After installing the software, the hardware driver for the position measuring CMS20
system has to be installed. If you have access to the internet, simply connect the
CMS20 Basic Unit to the computer via the USB cable. Windows will automatically
detect the new hardware and install the correct driver.

If you do not have access to the internet, please follow the instructions below:

17
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Preparation of Data

2.  Youcan find the installer for the latest  + computer » Windows (C) + Program Files (x86) » TMSNeuranavigator
@ driver in the following directory: Mame g Date modified Type
C:\Program Files %] zebris_usb_drivers.exe 6/1/20121027AM  Appli
(x86)\TMSNeuronavigator\ Open
ZEBRIS_USB_DRIVER Pinto Start

@ Run as administrator
—

Troubleshoot compatibility

Please launch the installer with 7-Zip v
administrator rights. Pin to Taskbar
3. Ignore the Windows User Account & User Account Control
% Control Wa rning and click on “Yes”. Q‘] Do you want to allow the following program to make
=/ changes to this computer?

.] Program name:  zebris USE driver installation
Verified publisher: zebris Medical GmbH
File origin: Hard drive on this computer
Program location: "C:\Program Files
(x86\TMSMeuronavigator\ZEBRIS_USB_D...
Show information about this publisher's certificate

(~) Hide details Love B[ ™

Change when these notifications appear

18



® Note: The driver will be installed in the
background.

In order to see whether the driver
installation has been successful, attach
the USB cable from the CMS20 Basic
Unit to the computer.

4%

Open the Windows Device Manager:
Windows 8: Go to Settings ->
Control Panel ->
System and
Security -> Device
Manager (in
System category)
Windows 7: Start button ->
Control Panel ->
System and
Security -> Device
Manager

Start button ->
Control Panel ->
System and
Maintenance ->
Device Manager

Windows Vista:

If you see an entry in the Universal
Serial Bus controllers that looks like the
one on the right, the driver installation
has been successful and the CMS20
system should work properly.

19
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Device Manager

View Help

&= T B HE & F%S

> ﬂ Mice and other pointing devices
. B Monitors

. EF Network adapters

. E Portable Devices

> (= Print queues

. (= Printers

- 2} Processors

> || Seftware devices

> % Seound, video and game controllers

» 45 Storage controllers

. 1l

Generic USB
Intel(R) 7 Series/C216 Chipset Family USB Enhanced |
Intel(R) 7 Series/C216 Chipset Family USB Enhanced |
Intel(R) USE 3.0 eXtensible Host Controller - 0700 (M
USE Composite Device

ub

USE Compuosite Device
USE Mass Storage Device
USB Mass Storage Device
USE Root Hub

USE Root Hub

USE Root Hub (xHCI)

0

zebris CM510 Metion Analyzer )|




Preparation of Data

In order to use the TMS Neuronavigator it is necessary to acquire a single high-resolution T1-
weighted structural MRI dataset for each participant and prepare it for neuronavigation.

The data preparation pipeline is a mainly automatic process and requires a minimum of user
input and control. The following section describes the single steps involved in the
preparation of an anatomical data set for neuronavigation.

Some of the steps described in Part Il can be started manually if necessary. Please see the
Appendix of this tutorial for details.

1. Creation of a 3D Anatomical Project

1.  Asafirst step open the TMS Neuronavigator. >

Eﬂ The dialog that will open automatically is the so-called ‘Wizard’. This wizard gives you
the option to either load an already prepared data set of a participant (‘Load Prepared
Data’) or to create a new data set for a subject ("New MRI Data’).

® o TMS Neuronavigator

TMS Neuronavigator Wizard = =

TMS Neuronavigator

48R D e D@ *a &

aaaaa

20
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When you start data preparation
by choosing “New MRI Data”, the
TMS Neuronavigator will import
the original MRI data and guide
you step by step through the
creation of all files required for
TMS Neuronavigation.

First you need to specify an
identifier for the patient data set
you’re about to import.

You can use any string, but it is
important that the identifier is
unique.

The names of all subsequently
created files will start with the
same patient identifier, followed
by an underscore to separate it
from the remainder of the
filename, i.e. “GSG_...".

Click “Next” to continue.

The next window displays the
resulting project name (GSG.vmr).
VMR stands for Volume Magnetic
Resonance and describes a project
type that stores the data
belonging to a high-resolution T1-
weighted anatomical 3D scan of
the brain.

Use the “Browse” button to locate
the directory with the raw files on
your hard disk.

The TMS Neuronavigator requires
raw files in a specific format,

o TMS Neuronavigator Wizard = & [ x|

TMS Neuronavigator

Load Prepared Data New MRI Data

Create Project Wizard

Welcome to the Create Project Wizard!

This wizard helps you creating a project for a new patient from original MRI data files.

Patient identification string:

{(-) Create Project Wizard

Select Data Source

Use the "Browse™ button to navigate to the data

Project name: | GSG J¥mr

Data directory:

Mext Cancel

Part Il

namely DICOM or .dcm/.ima files. Please make sure to export your raw files as DICOMs
from the scanner. In case this is not possible please contact

21
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Preparation of Data

5. After naV|gat| ng to the Correct o ISeIect any file in the directory containing your DICOM datal
. . © v 1t « SampleData » GSG v ¢ SearchGSG
@ directory location, select any raw .
Organize » New folder =
file and click on “Open”. N Mo
® It is possible that a new dialog [ e it ot i e
] & Homegroup & miclue_140514_GSG -0002-0001-00002.dem
appears aSklng you to rename the J& miclue 140514 GSG -DDD2-DD01-00003.dem
18 This PC J& miclue_140514_GSG -0002-0001-00004.dcm
DICOM files. If this is the case, & miclue_140514_GSG -0002-D001-00005.dcm
| fi ith YES G Network J& miclue_140514_GSG -0002-0001-00006.dcm
please contirm wi . <

IF\Iaﬂame: miclue_140514_GSG -0002-0001-00001.dem vI All Files {*.7)

In the current example the
renaming step is not necessary.

6. The “Projects Source Files” (K] Projects Source Files ?
% window ShOWS you hOW many Directory inspected for DICOM data
i 1 Path: | C:/Users/ludith/Documents, TMSNeuronavigator [SampleData /GSG/
different sets of DICOM files are
located in the chosen directory. One set of files found for project creation
In this example there is just one, First file of project Number of files Project type
an anatomical data Set (VM R) miclue_140514_GSG -0002-0001-00001.dcm 192 VMR I
Select this data set and note that
192 DICOM files belong to that
structural scan.
Now close the window by clicking
" ”
OK”. -
7.  Now the data directory field i !
® contains the link to the first ©  Crese Project Wizrd
DICOM file of the MRI scan. Select Data Source
Use the "Browse" button to navigate to the data
Project name: | GSG e

% Click “Next” to continue to the
next step.

IData directory: |avigator/GSG/midue_140514_GSG -DDUZ-ODDI-ODDDdemI Browse...

Detected image resolution
Number of columns: | 255

Number of rows: 256

22
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This window displays the number
of slices in the data set, which
equals the number of source files
in the current example.

Continue to the next window via
“Next”.

The last window presents a
summary of the most relevant
information specified in the
previous windows.

You also have the option to
specify a different target folder by
clicking on “Browse”.

After verifying that the
information is correct, click on
“Finish” to build the project.

@ The output of the project creation

is a file called GSG.vmr.

Part Il

:(-) Create Project Wizard

Number of Slices

How many different slices per volume have been scanned?

For all MRI projects, the number of different slices comprising a volume has to be provided.
The number of slices has been estimated from the selected source file. Change the number
of slices only if you are sure that the value below is incorrect.

Mumber of slices: | 192 |5

':(-) Create Project Wizard

Summary

You have successfully specified all required information. If you would like to place created
project files at another location than the orginal data, select a "Target folder” below. After
dicking "Finish”, BrainVoyager QX will create the following project:
Projecttype: VMR
Projectname:  GSG.vmr
Data format:  DICOM
Mumber of slices: 192

Dimensions: 256 x 256

Target folder: | C:/Users/Judith/Documents/TMSNeuronavigator [GSG Browse. ..

€2 Creating VMR Pro... ?

23



Preparation of Data

After the process is finished, you ©  Contrast And Brightness [16 bit -> 8 bit] G
will be asked to adapt the contrast BT Options

and brightness of the data set in Contrast Brightness Apply immediately
the “Contrast and Brightness” e

. . [+] Save 16 bit file (V15
dialog. Please use the spin boxes ¥l save tobit e (/16

as shown on the right.

In the optimal data set the white
matter (WM) has intensity values
around 160 and the grey matter

(GM) around 100. 50 < 30 z I Clean Backgroundl
Invert Adjust () Invert: Keep black

Defaults Cancel

Note: The maximum intensity is
white with an intensity of 225,
while the minimum intensity is
black, coded with 0.

The optimal intensity distribution
cannot be easily checked in the
current display.

However, something that you can
easily check is whether there is a
clear difference between GM and
WM voxels. If this is the case,
close the dialog by clicking on
“OK”.

2. Automatic ACPC Transformation

%

The next step starts automatically ™ TMS5 Neuronavigator (Zebris)
with the dialog presented on the e
right.

Do you want to create a head mesh for neuronavigation now?

This step runs for about a minute since it includes
transformation of the new data set into ACPC space,

Confirm with “Yes” B
=3 Mo

For TMS Neuronavigation it is advised to avoid any nonlinear anatomical data
normalization (i.e. Talairach or MNI normalization), as the size of the brain is changed
during the normalization procedure. As a consequence precise neuronavigation based
on the anatomical MRI data is not possible anymore, as the relationship between the
physical world and the navigated model world is lost.

24



Part Il

@ However, it is advised to bring the cerebrum into a normalized orientation by
translating and rotating the 3D anatomical data set. This re-orientation procedure is
called ACPC transformation (AC = anterior commissure, PC = posterior commissure)
and is automatically performed by the TMS Neuronavigator. Note that this is a rigid
transformation, i.e. the dimensions and hence the size of the subject's head and brain
do not change.

The following steps are included:

First the AC point is determined and the brain is translated so that AC becomes the
origin (center) of the data set. Afterwards, the brain is rotated around the AC point,
such that the AC and PC are on the same axial plane. Furthermore, the brain is rotated
around the AC-PC axis until the vertical axis separates the left and right hemisphere.
The x axis runs from the left to the right hemisphere through the AC. The y-axis
connects the AC and PC and runs from anterior to posterior. The z axis runs through
the AC from inferior to superior.

@ During this procedure three new

files are created:

1) GSG_aACPC.vmr
(this file is used for the surface
reconstruction of the subject’s
head and is linked in the
Patient Data Base)

2) GSG_ToMSP.trf,
GSG_aACPC.trf
(these files contain the
transformation parameters to
bring the data set from native
to ACPC space, TRF =
Transformation)

The resulting GSG_aACPC.vmr is

shown on the right

® In a second automatic step, eight reference points of the subject’s cerebrum are
defined which are usually used for Talairach transformation.
Here, however, these individual reference points —the so called Talairach landmarks -
are only specified to provide the option to the user to define TMS target points based
on standard Talairach coordinates.
The individual Talairach landmarks are then used to back-project the standard
Talairach coordinate of the TMS target point to the individual brain. NO Talairach
transformation of the data set is performed, rather a back-transformation of the
Talairach coordinate to the individal ACPC space is performed!

25



Preparation of Data

@ The result of this step is a
transformation file
(GSG_aACPC.tal) with the
coordinates of the individual
Talairach landmarks of that
participant:

1) Anterior Commissure (AC)
2) Posterior Commisure (PC)
The border points of the
cerebrum:

3) Most Anterior Point (AP)
4) Most Posterior Point (PP)
5) Most Superior Point (SP)
6) Most Inferior Point (IP)

7) Most Right Point (RP)

8) MostLeft Point (LP)

The green box in the image on the

right represents the individual
Talairach landmarks for the
example subject.

3. Surface Reconstruction of the Head

@ In the next step a surface reconstruction of the head is created, the so-called head
mesh. In general, a mesh is a collection of vertices, edges and faces that represent the
shape of an object. The head mesh creation is part of the automatic data preparation

pipeline.

@ In order to generate a head mesh,
a spherical mesh is created first.

@ An iterative morphing procedure is
used to generate a head mesh out
of the sphere mesh, i.e. the sphere

will shrink continuously — only
stopping when it finds non-

background (i.e. high-intensity)

values.
The images on the right show

different stages of the morphing

process.
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The result of the head mesh
creation are two files:

1) GSG_aACPC_Head.srf

2) GSG_aACPC_Head.vwp

All mesh or surface files end with the file extension .srf for surface. For each generated
surface file, a viewpoint (.vwp) file with an identical file name is saved to disk. This file
defines the default orientation/viewpoint of the 3D surface file when opening it with
the TMS Neuronavigator.

All Mesh files are automatically opened in a separate surface window of the TMS
Neuronavigator and can only be loaded when an anatomical data set, i.e. a VMR
project is open already.

4. Automatic Cortex Segmentation

%

The cortex segmentation starts (3 TMS Neuronavigator (Zebris)

automatically after the head mesh 0 Do you want to create a brain (cortex) mesh for precise neuronavigation now?

Creatlon |S f|n|shed_ o This step runsfor.a few minutes since it includes several procedures including
. . . cortex segmentation.

Please confirm the dialog with

”YeS". Yes Mo

This part of the procedure can take several minutes, as several steps are involved in the
reconstruction of a high-quality cortex mesh.

© GSG_sACPC_Bran.vmr

First, the data needs to be
optimally prepared for cortex
reconstruction, including the
removal of non-brain tissue.

3 G5G_aACPC_Brain vimr

Afterwards, a sigma filter is applied
that smooths within the grey
matter and within the white matter
but keeps the boundary unblurred.
This procedure increases the
contrast between white and grey
matter.
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@ In the next step the ventricles are
filled and a default brain mask is
applied to segment the brain from
the surrounding head tissue and
the cerebellum.

@ In order to determine a threshold
separating white from grey matter,
the intensity values of the data are
analyzed.

I|
100 125
Intensity

@ Based on the estimates of the
white and grey matter intensity
peaks in the previous step, a white
matter region growing process is
performed to label white matter
voxels. The outer boundary of this
labelling process results in an initial
representation of the cortical
sheet. Several correction steps are ©_Split herispher
performed to improve the quality
of the segmented boundary.

As a last preparation step, the left
and right hemisphere (LH, RH) are
disconnected.

2

Abort computation

@ During the cortical surface
reconstruction, the yellow border
will be used to create a mesh of the
cortical sheet.

Presented on the right is an image
of the reconstructed border
between the white matter and grey
matter of the left hemisphere:
“GSG_aACPC_Brain_LH_WM.vmr”
The same file is created for the
right hemisphere.
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@ These segmented images are used
for the creation of the polygon
meshes in the next step.

First a non-smoothed
reconstruction of the white matter
— grey matter border (WM-GM) is
created for both hemispheres:
GSG_aACPC_Brain_LH RECO.srf
GSG_aACPC_Brain_RH_RECO.srf

@ In a next step the meshes are
smoothed, following a slightly
dilated version of the white/grey
matter boundary:
GSG_aACPC_Brain_LH_ RECOSM.srf
GSG_aACPC_Brain_RH_RECOSM.srf

@ The same procedure as described
above is used for the creation of
cortex meshes that follow the
boundary of the outer grey matter:
between the grey matter and the
pial surface.

These are the resulting files:
GSG_aACPC_Brain_LH_GM.vmr
GSG_aACPC_Brain_RH_GM.vmr
GSG_aACPC_Brain_LH_GM.srf
GSG_aACPC_Brain_RH_GM.srf

@ In a last step the corresponding
surface files of the left and right
hemisphere are merged and re-
colored according to the cortical
folding pattern, with dark grey
colors representing sulci and light
grey colors representing gyri.
These are the final merged cortex
meshes:

GSG_aACPC_Brain.srf
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(representing the inner border of
the grey matter)
GSG_aACPC_Brain_GM.srf
(representing the outer border of
the grey matter — this file is used by
default for neuronavigation)

® This was the last step of the automatic data preparation for neuronavigation.
The TMS Neuronavigator has automatically created a new entry in the Patient Data
Base linking the necessary files of the participant for neuronavigation. The next section
explains how these files can be loaded.

5. Loading Prepared Data via the TMS Neuronavigator Wizard

1.  If you have closed the TMS
@ Neuronavigator, re-open it now.
In the appearing wizard click on 2 TMS Neuronavigator Wizard =

Load Prepared Data”. ™S Neuronavigator

B>

You will see a list of all participants @ TMS Neuronavigator Wizard =
for whom prepared data sets for Available patient data sets:

(W

TMS neuronavigation are available.

GSG
Select the patient identifier of the HI
data set you would like to open, JE_FingerTapping_Right
i.e. “GSG” and confirm your rect Data Sat
selection with “OK”.

Cancel (8]
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@ This will invoke all files of a patient

Part Il

which are linked to a single patient
identifier in the “Patient Data
Base”.

Part Il, Section 9 describes how the
files linked to a specific patient
identifier can be changed.

6. Navigation in the Surface Module Window

s

Open the TMS Neuronavigator and
load the GSG data set using the
wizard.

The program now displays the
surface reconstructions of the
head and brain created in the
previous step.

Please note that you will see the
following warning message at this
point: “No fiducials (.fdp) file
defined — Please define and save 3
reference (fiducial) points on head
mesh and then restart wizard”
You will learn how to define the head mesh fiducials in step 8 of this guide. For now we
will ignore this message.

Please click on the cross in the upper right corner of the dialog to close it. Please also
close the appearing “Head Mesh Fiducials” dialog by using the “Close” button.

When the head mesh fiducials are
not defined yet, the TMS
Neuronavigator shows the head
surface in a shaded non-
transparent way, therefore hiding
the additionally loaded brain
mesh.

Now you will learn how to navigate
the camera position of the 3D
scene, also called the viewpoint.
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Click the right mouse button at an
arbitrary point in the surface
module window, hold it down and
move the mouse. You will see that
the mesh moves left-right and up-
down as the mouse is moved left-
right and up-down. Hence, with
the right mouse button you can
perform translation movements in
the y-direction (left — right) and in
the z-direction (up — down).

You can also move the viewpoint
in the x-direction by holding down
the left and right mouse button at
the same time and by moving the
mouse up and down. This
movement of the viewpoint
resembles “zooming” because the
viewpoint is moved towards /
away from the mesh. Alternatively
use Shift+Ctrl+ left click-dragging
for zooming.

You can also rotate the viewpoint
around the center of the scene by
holding down the left mouse
button and by moving the mouse
left / right and up / down. This will
rotate around two from three
possible axes. While navigating,
the status bar will show the
current viewpoint position as well
as angles as shown on the right.

Viewpoint x=-729.0 y= -300 z= 90 rotx= 0.0 roty= 2020 rotz= -61.0

A helpful tool to navigate in the Wizl

surface module window is the et ot
“Viewpoint Settings” dialog. Press
the “V” key to invoke the
“Viewpoint Settings” dialog. This
dialog offers 6 sliders that allow

Right X ¥ F4 Xaxis Yaxis Zaxis

Bottom

Ty 720 ¥ | |63 5| 61 (% 0 | (193 5] |89 (=
changing the three translation and 2] perspectve projectn Gose
rotation parameters just
described.

In addition it offers six standard viewpoints, which you can apply by clicking on the
respective brain icons (“Left”, “Right”, “Top” etc.).
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cene | Meuronavigation  View

Background Celor.

You can load the “Viewpoint”
dialog also via “Scene -> Viewpoint
Settings...”.

Scene Overview...

Merge Meshes In Scene...

Load Viewing Params...

Save Viewing Params...
[ . Viewpoint Settings... J
You might have noticed the taskbar to the right of the surface window. This taskbar will
be explained in detail in the next section. However, some of the icons will be mentioned
already in this section, as they are crucial for handling meshes in the surface window of

the TMS Neuronavigator.

The “Select Mesh” icon opens the

“Scene Overview” dialog.

This dialog displays

1) which mesh files are currently
loaded in the surface module
window (first column —
“Name”)

2) which of these meshes are
visible in the window (second
column — “Visible”)

3) and which mesh is the mesh
currently in focus in the surface
window (third column —
“Current”)

cene | Meurcnavigation View

|:IK|‘_'I
Background Color...
Select Mesh Scene Overview..,
Scene Qverview
Meshes in scene
Mame Visible Current

1 G5G_aACPC_Headsrf
2 G5G_aACPC_Brain_GM.srf O

In particular the last column is important, as only properties of the mesh currently in

focus can be changed.

This means that we can only change the properties of the head mesh at the moment.

The mesh visualization icons
change the visualization of the
current mesh from a “Wireframe
Mesh” to a “Shaded Mesh” and
vice versa.

You can find more visualization
options in the “Render Quality”
dialog. Please go to “Meshes” and
select the menu entry
“Visualization Style...”

Scene Meuronavigation View  Window

Load Mesh...
Save Mesh As...
Add Mesh...

Ctrl+H

Create Sphere Mesh...
Shrink Sphere Mesh To Find Head Skin...
Mesh Simplification...
Surface Maps... Ctrl+E

Background and Curvature Colors...

Texture Slicing...

Visualization Style... I
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9. Inthe appearing dialog you can
@ change for example the

transparency of the current mesh.

Make sure that the “Smooth
surface” option is selected, check
“Transparency” and click “OK”.

7. Slicing a Polygon Mesh

@ In this step, you will see how to slice a polygon mesh. Sliced views of the head or brain
mesh provide useful information about the spatial relation of 3D renderings (the mesh
file) and the VMR files from which they have been built or to create different views for

Neuronavigation.

(B

in the last step.
The program now displays a

surface module window as shown

on the right.

Click the “TRA cut” icon in the
taskbar. You will see an image
similar to the one on the right
showing a cut plane.

(N

Rotate the head to see the cut
plane from above.

(W

Open the TMS Neuronavigator and
load the GSG data set as described

7

o Render Quality
Quality type
(®) Smooth surface () Wireframe
Display effects
Back face culing Transparency
[] Fog effect Stereo
Fog parameters Transparency params
Start: 400 |= (] Dest: 1
Dest: 1-SAlpha
End: 800 | Alpha: (0.4 %
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Now change the cut plane. The
“TRA Slicing Mode” mode is
automatically enabled when the
“TRA Cut” mode is selected. Now
click with the left mouse button at
any point in the surface module
window, hold down the mouse
button, press the ALT key and
move the mouse up and down.
You will see that the cut plane
moves upward or downward,
respectively.

In slicing mode, you can still use
the mouse and keyboard for
navigation. You may, however,
stop the slicing mode and re-enter
the pure navigation mode by
clicking the “Navigation mode”
icon.

Besides transversal slicing, you can
select sagittal and coronal slicing.
Click the “COR Slicing Mode” icon.
You will see a view as shown on
the right.

A cut shows one of two possible
halves of the sliced object. You can
also show the other half of the
sliced object. Click the “Switch
Slicing Side” icon. You now see a
scene similar to the one on the
right revealing the half of the
object on the other side of the
selected slice. You can do this with
any of the three cut planes after
having selected the respective
slicing mode icon.

Mavigate Mode

COR Slicing Mode

Switch Slicing Side
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You can also slice the brain mesh.

In order to do that:

1) de-select the cut mode in the
task bar,

2) change the head mesh
presentation to “Wireframe
Mesh”,

3) and select the brain mesh as
the current mesh in the “Scene
Overview” dialog

Now use the “TRA Slicing Mode” to

replicate the image on the right.

You can even slice multiple meshes
after each other. Try to replicate
the image on the right.

It is important to realize that the
slicing mode visualizes the
underlying VMR data.

Hence, it is crucial that the meshes
are loaded on the correct VMR file
which was used for mesh creation.

This is automatically the case when the automatic data preparation pipeline was used
in the TMS Neuronavigator and none of the files of the corresponding patient data set
have been changed in the Patient Data Base.

8. Definition of Coregistration Points on the Head Mesh (or short Head Mesh
Fiducials)

@ One detail that is still missing before you can start the neuronavigation are three

(B

reference points on the subject’s head which can be used for the coregistration of the
head mesh in the program with the participant’s head in the external world. These
points are also called head mesh fiducials.

Open the TMS Neuronavigator and
load the “GSG” data set via the
“Load Prepared Data” option of the
TMS Neuronavigator wizard.

Close the warning message by
using the “OK” button.

36



@ It is easier to define reference
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points on the head mesh when the
head is non-transparent and not in
wireframe mode. Therefore the
visualization style of the head
mesh is set to shaded when no
head mesh fiducials can be found
for the data set.

In the current program view two
different surface files are loaded:
the GSG_aACPC_Brain_GM.srf and
the GSG_aACPC_Head.srf.
Since the head mesh is used to define the flduaals the head mesh is selected as the

current mesh and the “Head Mesh Fiducials” dialog is opened automatically.
&

You can open the dialog manually

via ”Neuronavigation -> Set Head File Volumes Meshes Scene View Window
. . : £ G5G_aA i ials...

Mesh Fiducials...”. £ G5G_aACPC,vmr _a Set Head Mesh Fiducials

In the “Head Mesh Fiducials” dialog @ Head Mesh Fiducials ?
you will find four different entries: pesic vertexd coordinates ko fiducd
The coordinates of the currently X ¥ z
selected vertex and three Selected vertex:
reference points that need to be

e Masion: Set
specified. ==en g =

. . . . Left P icular: Set
The first point is the nasion and the SR ©

. Right Preauricular: [ set
other two points are the left and
right preauricular points.
Load... Save... Reset Close

It’s not important that you select the exact same points suggested in the dialog.
However, you should use fiducials in the vicinity of these suggested points that are
easily identifiable on the head mesh in the software as well as on the real head of the
subject.

You need to start with the
definition of the nasion. = resd e fu
Please note that the order of the j
defined fiducials is important.

Select a vertex on the head mesh il

using CTRL + Left-Mouse Button.

This will automatically copy the
selected vertex coordinate to the
“Nasion” field and select the “Set”

checkmark.
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@ If you want to correct the defined vertex for the nasion reference point, de-select the

(9w

B+

(B

“Set” field next to the Nasion entry and you can select a new vertex with your mouse.

After checking the correct location
of the nasion reference point on
the head mesh, you can continue
with defining a point close to the
left ear that can be easy identified.
Select the vertex by using again
CTRL + Left Mouse Button.

Finish the fiducial definition with
selecting a reference point close to
the right ear.

Save the defined head mesh
fiducials to disk by clicking on
“Save”. Accept the proposed file
name:

GSG_aACPC_Head.fdp

The coregistration points or head
mesh fiducial points (.fdp) are
automatically linked to the correct
patient identifier. Next time the
data set is loaded, the head mesh
fiducials are automatically
displayed on the head mesh.

Close the ”Head Mesh Fiducials” Ian Volumes Meshes Scene Neuronavigation View Window  Help
dialog and reload the data set via
the wizard. = e
Exit Ctrl+Q
rHHHH
\\\ r
P
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9. Editing the Patient Database

® The Patient Database lists all

%

required files for neuronavigation.

To edit the links of files to a specific
patient identifier, open the Patient
Database via “File -> Edit Patient
Database...”.

In the left column you can see
which files are required for
neuronavigation and in the right
column you can see the patient-
specific filenames.

In the lower right corner you can
see how many data sets are
available. In this case 4 different
patient data sets were prepared on
this computer and are available in
the Patient Data Base.

You can use the spin buttons next
to the “Selected patient:” field to
browse to a different data set.

You can also add a new “empty”
data set by clicking on “Add
Patient”.

Furthermore, you can remove a
specific data set from the Patient
Data Base by clicking on “Remove
Selected Patient”. Please note that
no files will be deleted from your
hard disk, only the links to the files
will be removed from the Patient
Data Base.

Part Il

£

Volumes  Meshes  5cene Newronavigation
\ Wizard...

I Edit Patient Database.., I
£ Patient Data Base

File Reference™ column,

INSTRIUCTION: Select a patient using the "Select patient” spin box, To
edit the "Patient Name" entry, double dick the current name. To add
replace a file reference, double dick the respective row in the ™ame |

W

Patient Mame

Head ACPC Volume

Head ACPC Mesh

Brain ACPC Mesh

Head ACPC Fiducials

TAL Landmarks

Mame / File Reference

G5G

GSG_aACPCwmr
G5G_aACPC_Head.srf
G5G_aACPC_Brain_GM.srf
G5G_aACPC_Head.fdp

G5G_aACPCtal

I Add Paﬁentl IF'.emcwE Selected Patientl Selected patent: |4 5 [4
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@ If you want to change the patient
identifier, please double click in the
name field next to the “Patient
Name”.

This will change the name
displayed in the TMS
Neuronavigator wizard after
selecting “Load Prepared Data”.

In order to change a file or the
path information of a file
referenced in the Patient Data
Base, double click on any file name
in the right column and select the
file you would like to link to the
specific patient.

In the example on the right, the
Grey Matter Mesh is exchanged
with the Reconstructed and
Smoothed Cortex Mesh of that
same participant.

All files of a single data set should
be located in the same folder.

Close the Patient Data base by
clicking on “OK”.

o Patient Data Base

o Patient Data Base

INSTRUCTION: Select a patient using the "Select patient” spin box. To #
edit the "Patient Mame™ entry, double dick the current name. To add [
replace a file reference, double dick the respective row in the "Mame [
File Reference”™ column. ]

Name [ File Reference

Head ACPC Volume GS5G_aACPCwmr

Patient Name

Head ACPC Mesh GSG_aACPC_Head.srf

Brain ACPC Mesh GSG_aACPC_Brain_GM.srf
Head ACPC Fiducials G5G_aACPC_Head.fdp

TAL Landmarks GSG_aACPC.tal

Add Patient Remove Selected Patient | Selected patient: |4 5 /4

?

INSTRUCTION: Select a patient using the "Select patient” spin box. Ta »
edit the "Patient Name” entry, double dick the current name. To add /
replace a file reference, double dick the respective row in the "Name /
File Reference™ column, v

Name / File Reference

Patient Name GS5G
Head ACPC Volume GSG_aACPC.vmr

Head ACPC Mesh GSG_aACPC_Head.srf

ety el L a GSG aACPC_Brain GM.srf

o Select New File

<

File name: | G5G_aACPC_Brain.srf w| | Mesh files (*.srf)
- 2
L2 Patient Data Base b

L <« TMSNeuronavigator » GSG v & Search G5G

Organize +

-

Name Date modified Type Size

|| G5G_aACPC_Brain.srf 5/4/201411:56 PM  SRF File

|| G5G_aACPC_Brain_GM.srf 014 11:36 PM  SRFFile
|| G5G_aACPC_Brain_LH_GM.srf 014711:55PM  SRFFile
|| G5G_aACPC_Brain_LH_RECQ.srf 201411:55PM SRFFile

INSTRUCTION: Select a patient using the "Select patient” spin box, Ta #
edit the "Patient Name ™ entry, double dick the current name. To add /
replace a file reference, double dick the respective row in the TMame [/
File Reference” column. W

MName / File Reference

Patient Name G5G

Head ACPC Volume  GSG_aACPCwvmr
Head ACPC Mesh GSG_aACPC_Head.srf
Brain ACPC Mesh GSG_aACPC_Brain_GM.srf
Head ACPC Fiducials G5G_aACPC_Head.fdp

TAL Landmarks GSG_aACPCtal

Add Patient Remove Selected Patient | Selected patient: |4 |5 /4

40

» I

Mew folder == -« [




Part Il

10. Definition of a TMS Target Point Based on Anatomical Landmarks

@ The goal of the TMS neuronavigation is to deliver a TMS pulse to a predefined location
on the cortex. This location can be specified via a so-called target point in the TMS
Neuronavigator. The followings steps will show you how to define such a target point.

(e

™

Open the TMS Neuronavigator and
load the GSG data set using the
wizard.

The program now displays a
surface module window as shown
on the right.

The target point can be defined via
the “Neuronavigation” dialog. Go
to “Neuronavigation ->
Neuronavigation..”.

Note: When opening the
“Neuronavigation” dialog, the
“Scene Overview” window is
automatically loaded. This allows
you to switch between the head
mesh and the brain mesh focus
during neuronavigation.

View _ Windon

Set Head Mesh Fiducials...

Meurcnavigation...

Scene Overview

Meshes in scene

MName Visible Current
1 G5G_aACPC_Head.srf [l
2 (G5G_aACPC_Brain_GM.sif
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@ The “Neuronavigation” dialog
contains three different tabs,
which are important for different
steps of the neuronavigation
procedure.

These tabs will be explained in
detail in “Part Il Neuronavigation”
of this tutorial.

For now we focus on the “Target
points” field in the “Tracking” tab.

In this tutorial we will define a

similar target point in three

different ways:

1) Based on an anatomical
landmark

2) Based on a Talairach
coordinate from the literature

3) Based on a statistical map
(functional MRI data)

For all three options the target

point should be located in the

motor cortex of the right

hemisphere (left hand). In the

current step we will focus on the

first option.

First, we need to add a target point
to our data set by clicking on “Add”
in the “Target points” field. This
will automatically place a target
point in the vicinity of the brain
mesh.

(9w

o Neuronavigation

Setup [ Visualization Digitize Head and Coil

Ee

Channel 1
Channel 2
Channel 3
Channel 4
Channel 3
Channel 6
Channel 7

Channel 8

Sample

Current sample: Selectrecorded sample: |1 |5

Target points - TAL coordinates are transformed in subject's ACPC space

Target point |0 =l /0 ¥ (0.0 = Distance from coil: mm
Load... Y: |0.0 [+ Distance from beam: mm
Save... Delete Z: 0.0 [F Use TAL coords {in ACPC space)

Scale raw coordinate values

X0 % io|o % 0 %

Close

Target points - TAL coordinates are transformed in subject's ACPC space

-

Target point | 1 = M1 ¥ |-111.9% Distance from coil: mm
Load... Add Y: |0.0 % Distance from beam: mm
Save... Delete 7 |59.6 | Use TAL coords {in ACPC space)

At the same time the “Target point” spin box shows that there is now one target point

available. The x, y and z fields show the calculated Talairach coordinate of the current
target point, given a .tal file was created for that participant and the “Use TAL coords

(in ACPC space)” option is checked.

@ If one of the latter two is not true,
system coordinates are displayed,
which cannot be used to report the
target position in a publication, as
these coordinates are not
standardized.

Target point | 1 = /1 X 230,05 Distance from coil: mm
Load... Y: | 128.0 [+ | Distance from beam: mm
Save... Delete Z: |70.0 5 D Use TAL coords {in ACPC space)
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@ Note: When the “Add” button in

B+

the “Target points” field is used,
the head mesh is automatically
hidden from view and the brain
mesh is selected as the current
mesh in focus.

You should see a similar image as
presented on the right. The white
points represent the head mesh
fiducials, while the red point
represents the new target point
which has to be placed at the
correct cortex location next.

Part Il

We want to place the target point on the hand area of the right motor cortex. A well-
known anatomical landmark, described by Yousry et al., (1997), is a knob-like structure

on the precentral gyrus.

Use CTRL + left click at the chosen
position of the brain mesh and the
target point is automatically
moved to the same location.

At the same time the coordinate
fields are updated to the correct
coordinate.

Save the target point to disk, by

clicking on “Save”.

Choose a name that indicates:

1) on which data set the target
point was defined, i.e.
GSG_Brain_GM

2) which procedure was used, i.e.
AL for anatomical landmark:

3) and which target points are
included in the file, i.e. M1 for
motor cortex

GSG_Brain_GM_AL M1.tgp

The file extension tgp stands for

target point.

X331 (= Distance from coil: mim
¥ |-19.6 || Distance from beam: mm

Z: |58.0 = IJse TAL coords (in ACPC space)

Target points - TAL coordinates are transformed ir
Target point | 1 = (a1 X:|38.1 =

Load... Add Y. |-19.6 (=

o] 2 [0 B
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You can define and save up to 10
target points in a single file, by
using the procedure described
above (click on “Add” and define
location by CTRL+ left mouse
button).

Test this feature by defining a
second target point for the hand

area of the left motor cortex and
saving both target points to the Target points - TAL coordinates are transformed in ¢

E|@J@-°"

same .tgp file.

4k

4k

@ Both target points can be loaded Target points - TAL coordinates are transformed in
during neuronavigation using the
“Load” button in the “Target
points” field. The “Target point” load... || add || v -9 [
spin box indicates which target
point is currently in focus for
neuronavigation.

4k

Target point |f] = f2 X: 381

Save... Delete 7 580 %

11. Definition of a TMS Target Point Based on Talairach Coordinates

@ A second option to define target points for TMS neuronavigation is the definition based
on Talairach coordinates reported in the literature.
Be aware that this procedure is sub-optimal for individual target point specification, as
standard Talairach coordinates can only represent an approximation of the targeted
brain region. Talairach normalization is a volume normalization technique which does
not account for the macro-anatomical variability across subjects. Nonetheless, in some
rare cases it might be necessary to define target points in this way.

Open the TMS Neuronavigator and
load the GSG data set using the
wizard.

The program now displays a
surface module window as shown
on the right.

(-
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Open the “Neuronavigation” dialog
via “Neuronavigation ->
Neuronavigation..”.

First, we need to add a target point
to our data set by clicking on “Add”
in the “Target points” field. This
will automatically place a target
point in the vicinity of the brain
mesh.

Using the Talairach approach, we
specify the target point location on
the brain by entering a mean
Talairach coordinate that we
derived from a finger tapping
experiment in the literature: x = 35,
y =-27,z =55 (Cramer et al., 1999).

Please note that the target point is
located at the anterior wall of the
postcentral gyrus when using the
mean Talairach coordinate. Hence,
with the Talairach coordinate
approach the TMS target point is
located slightly posterior to the
target point defined based on the
individual anatomical landmark.

Save the target point to disk, by

clicking on “Save”.

Choose a name that indicates:

1) on which data set the target
point was defined, i.e.
GSG_Brain_GM

2) which procedure was used, i.e.
TAL for Talairach coordinate:

3) and which target points are
included in the file, i.e. M1 for
motor cortex

GSG_Brain_GM_TAL_M1.tgp

Part Il

View Window

Meuronavigation

Set Head Mesh Fiducials...

Meurcnavigation...

Target points - TAL coordinates are transformed in subject's ACPC space

Target point | 1 s N1 ¥: [-111.9/%] Distance from coil: mm
Load... ¥: (0.0 %] Distance from beam: mm
Save... Delete Z: |59.6 |5 Use TAL coords {in ACPC space)

Target points - TAL coordinates are transformed in subject's ACPC space

Target point | 1 = M ¥: 350 % Distance from coil: mm
Load... Add Y: |-27.0 |+ Distance from beam: mm
Save... Delete Z: |55.0 [ Use TAL coords (in ACPC space)

Target point | 1 = /1 M: 350 = C
Load... Yo |-27.0 5 Disi
Delete Z: |55.0 =
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12. Definition of a TMS Target Point Based on Functional Data

@ The third option to define target points in the TMS Neuronavigator is the specification

(-

based on functional MRI data, e.g. a functional localizer of a specific brain region.

This is particularly interesting for regions that are primarily defined by the function and
show high inter-individual variability in the anatomical location. Hence, for regions with
great variability in structural-functional correspondence, as for example language
areas or the fusiform face area (Frost & Goebel, 2012).

In order to use functional data for target point definition, you need to analyze your
functional MRI data with BrainVoyager QX (Brain Innovation, The Netherlands) and
import the resulting statistical volume maps (VMPs) in the TMS Neuronavigator.
Details on how to perform standard fMRI data analysis (including project creation,
preprocessing and coregistration of the functional and anatomical data) can be found
in the BrainVoyager Getting Started Guide

( )

For the current example, we analyzed the fMRI data of the finger tapping experiment
(blocks of left and right index finger tapping) with BrainVoyager QX. Preprocessing of
the functional data included: slice scan time correction, motion correction to detect
and correct for small head movements, temporal filtering removing linear trends and
non-linear temporal frequencies of 2 or less cycles per run. After preprocessing, the
functional images were co-registered to the anatomical volume (GSG.vmr) and
transformed into ACPC space (GSG_aACPC.trf).

The whole brain analysis was performed using a standard univariate general linear
model (GLM), with two predictors: one modelling right finger tapping and the other
one modelling left finger tapping.

In order to identify the hand region of the right motor cortex (tapping with the left
index finger), we computed a simple contrast of the left finger tapping predictor versus
baseline. This contrast was corrected for multiple comparisons using Bonferroni
correction. The result was saved in a statistical volume map (VMP), containing one
statistical value for each voxel.

In the following section you will see how this statistical map can be imported and used
for target point definition in the TMS Neuronavigator.

Open the TMS Neuronavigator and
load the GSG data set using the
wizard.

The program now displays a
surface module window as shown
on the right.
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Now switch to the anatomical data &
set in ACPC space, by clicking on
the “GSG_aACPC.vmr” tab in the
main TMS Neuronavigator window.

File Volumes Meshes 5cene  Meurcnavigation View  Win

£ G56_aAcPCovmr | 45» GSG_aACPC_Brain_GM.srf

You can overlay the statistical map Meshes Scene Neuronavigation \View

3D Velume Tools...

on the VMR Vla the ”VOIume Segregate Brain From Head Tissue
Maps” d|a|0g. Go to ”Volumes > Segment Cortex And Create Brain Mesh
Volume Maps ...”. [__volume Maps.. Cul-m_|

Processing Options

In the appearing dialog load the & Volume Maps !
statistical map, via the button Browse | Statstis | Map Optons
”Load .VM P-“” Selection Color Map Mame
Overlay values Hires VMP creation Threshold Browse maps
Positive Megative Interpolate Min: | 0,000 s Map: |1 S

Load .VMP... | | Save .VMP.. Add VMR, Delete Al Update VMR Close

Select the correct .VMP file, in this @ Open VMP File
. . T <« TMSMeuronavigator » GSG v & Search GSG y-l
example: GSG_FingerTapping.vmp - .
. . . Organize v New folder == - @
and confirm your selection with o [ . R
“O pe n”. :“?I‘-:!:a'\::\nnuvatmn s [T 656 FingerTeppingvmp Jororana 231 pm
i Deskiop
| Documents
I8 Downloads ™~ 5
File name: | GSG_FingerTapping.vmp v | Mative resolution volume map~ v

Cocd
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The loaded statistical volume map
can now be projected to the brain
mesh.

Close the “Volume Maps” dialog
and switch back to the surface
window by clicking on the
GSG_aACPC_Brain_GM.srf tab of
the main TMS Neuronavigator
window.

In the surface window open the
”Surface Maps” dialog via “Meshes
-> Surface Maps”.

Check in the “Scene Overview”
dialog whether the correct mesh is
currently in focus:
GSG_aACPC_Brain_GM.srf. If this is
the case, click on “Create SMP” in
the “Surface Maps” dialog.

This step will project the selected
VMP in Volume Space on to the
currently selected surface mesh in
Surface Space, creating a “Surface
Map” = SMP.

.
Deete Al | | Lpdste wR

Scene Meuronavigation View Window

Load Mesh... Ctrl+H
Save Mesh As...
Add Mesh...

Create Sphere Mesh...
Shrink Sphere Mesh Te Find Head Skin...
Mesh Simplification...

Surface Maps... Ctrl+E
| I

£ Surface Maps

Browse Statistics Options

Selection  Color Name ThreshMin ThreshMax  ClusterSize  UseCluster  TranspColor

Overlay values Threshold Browse maps
Positive Megative Min: | 5,101 B Map: |1 3

Load .5MP... Save .SMP... Add .SMP... Create SMP Delete Al Update SRF Close
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Save the created statistical surface
map to disk by selecting “Save
.SMP..”.

Choose a file name that indicates
which mesh was used for the
projection of the statistical map to
surface space, as this SMP file is
specific to the
GSG_aACPC_Brain_GM.srf, e.g.
GSG_FingerTapping_Brain_GM.sm
p.

You can close the “Surface Maps”
dialog via the button “Close”.

In order to specify a target point
based on this functional map, open
the “Neuronavigation” dialog.

Add a target point to the data set
by clicking on “Add” in the “Target
points” field. This will
automatically place a target point
in the vicinity of the brain mesh.

Use CTRL + left mouse button to
place the target point at the hand
region of the right motor cortex.

Finish the target point definition by

saving the TGP file.

Choose a name that indicates:

1) on which data set the target
point was defined, i.e.
GSG_Brain_GM,

2) which procedure was used, i.e.
FL for functional localizer,

3) and which target points are
included in the file, i.e. M1 for
motor cortex

GSG_Brain_GM_FL_M1.tgp

o

Browse Statistics Cptions

Surface Maps

Part Il

Selection  Color Name

1 m__ LeftIndex 5.101

8

25 1

ThreshMin ThreshMax  ClusterSize  UseCluster  TranspColor

1

Overlay values

Threshold

Browse maps

Positive Negative Min: |5, 101 Map: |1 5
Load .5MP... Save .SMP.. Add .SMP... Create SMP Delete All Update SRF Close
Meurcnavigation | View  Window

Set Head Mesh Fiducials...

Meuronavigation...

Target points - TAL coordinates are transformed in subject's ACPC space

-

Target point | 1 =

Load...

Save... Delete

X -1119

+| Distance from coil: mm

r .
~ || Distance from beam: mm

> Use TAL coords (in ACPC space)

Target points - TAL coordinates are transformed in subject's AC

Target point |1

Load...

Save...
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Neuronavigation

1. Explanation of the Neuronavigation Dialog

@ After the data preparation is completed and a target point has been selected for TMS
neuronavigation, we can start with the first steps of the neuronavigation process. We
will start by explaining the “Setup/Visualization” tab of the Neuronavigation dialog.

Open the TMS Neuronavigator
and load the GSG data set using
the wizard.

The program now displays a
surface module window as shown
on the right.

(s

2. Open the “Neuronavigation” View —Window

Eﬂ dialog via “Neuronavigation -> Set Head Mesh Fiducials...
Neuronavigation..”.

Meuronavigation...
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@ Switch to the ”Setup / o Neuronavigation ?
Visualization” tab.

Setup ( Visualization Tracking Digitize Head and Coil

-

Nrof channels: |8 %

In the upper part of the window

Function Red Green Blue Size
you can see that there are 8 Channel 1 Head marker1 200 0 200 3
different channels defined. Each Channel 2| Hesd marker2 |20 |0 20 3
Channel 3 Head marker 3 200 0 200 3
channel represents an ultrasound :

. Channel 4 Coil marker 1 0 0 200 3
transmitter used for the Channel 5 Coil marker2 0 0 200 3
coregistration of the surface Channel 6 Coil marker3 0 0 200 3
Space to the external World Channel 7 Digitizer stick2 255 30 50 3

Channel 8 Digitizer stick 1 235 30 50 3
In the middle part of the dialog
the visualization of the Digitizer - N
Stick is defined and can be Pointer
Cha nged |f necessary. [] Show pointer  Distance marker to tip: | 170 %] mm  Color:

(® Render filed () Render as wireframe
The |Ower pa rt Of the WindOW Pen button cancel interval: | 1000 5 Pen button channel: (1 |3
allows you to select the TMS coil M Cail
as We“ as to Cha nge the [] show image  [] Show 30 model [] show beam  Color: Il
visualization pa rameters Of the (@) Render filed () Wireframe Coil type: | PMD70-View! -
CO”. FOI‘ the current tutorial we Beamradius Start: |1 |3 End: |3 |3 Length: |&0 = mm

/i I .

select the PMD70-View! Coil. FRr—

Cloze

@ The first three channels are the Nr of channels: [a [

single ultrasound markers that Function Red Green Blue Size
will be attached to the subjects Channel 1 Head marker1 200 0 200 3
head. Channel 2 Head marker2 200 0 200 3
After the CMS20 system has been  |channel3 Head markers 200 0 200 3
started, you will see these single Channel 4 Coil marker 1 0 0 500 3
head markers as purple spheres Channel 5 Coil marker2 0 0 200 3
(see RGB values next to the Channel 6 Coil marker 3 0 0 200 3
marker entries) floating close to Channel 7 Digitizer stick2 255 20 50 3

the head mesh in the program. Channel & Digitizer stick 1 255 30 50 3
This is however only the case as

long as the ultrasound signal

from the transmitters is . N

registered by the microphones in
the measuring unit MA-XX2.

The next three channels represent the ultrasound transmitters from the triple TMS coil
marker. These channels will be visualized as blue spheres floating close to a 3D model
of the selected TMS coil in the program.

The last two channels in the list belong to the ultrasound transmitters of the Digitizer
Stick and will be visible as red spheres in the surface window (as long as the ultrasound
signal from these markers is picked up by the measuring unit of the CMS20 system).
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Neuronavigation

2. Coregister Head

@ As a first step in the TMS neuronavigation process the head mesh in the surface
window of the program has to be coregistered to the head of the participant in the
external world. This will be explained in detail in the following section.

@ Before we start, make sure that
all hardware components are
connected and working as
described in Part 1 of this
tutorial.

As a next step, the single
ultrasound markers will be
attached to the subject’s head.
This can be achieved with
adhesive stickers.

It is very important that each
marker is attached at the
appropriate location.

The marker labeled with “1” has
to be attached to the left side of
the participant’s forehead, while
marker “2” will be attached to
the right side. The third marker
will be attached to the tip of the
subject’s nose.

%P

In case a transmitter falls off
during the recording, you will
have to attach this transmitter
again and redo the complete
coregistration procedure.
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@ It is important that the measuring

BN

(9w

system receives the ultrasound
signal from all transmitters
during the neuronavigation.
Please ask the subject to directly
face the measurement unit and
do not exceed the distance of 2
meters between the
measurement unit and the
ultrasound transmitters.

The TMS Neuronavigator
supports TMS coils from different
vendors. Before you can start the
CMS20 system make sure that
the correct TMS coil is selected in
the “Setup / Visualization” tab of
the Neuronavigator dialog.

Now switch to the “Tracking” tab
of the Neuronavigation dialog.

This tab displays the channel
information of the 8 ultrasound
transmitters as soon as the
CMS20 system has been started.

In the lower part of the dialog
you can scale the raw coordinate
values. This might be useful if you
expect for example distortions of
your MRI data, e.g. due to
gradient nonlinearities.

Start the tracking of the channels
by using the record button.

TMS Coil

[] showimage [ ] Show 3D model

Part Il

[] show beam  Color: |

(®) Render filed () Wireframe Coil type: |PMD70-View! -
Medtronic MC-B70 A
Beamradius Start: |1 (5 End: |3 3| Medtronic MCF-BSS
Medtronic MCF-P-B&5
Medtronic Cool-B&5
Magstim Circular 90 mm
Medtronic MCF-125
Maagstim ...dG 70 mm
Magstim MR, Compatible
Magstim Dual Air Film
L] Neuronavigation ?
Setup [ Visualization Tracking Digitize Head and Coil
X Y Z

Channel 1

Channel 2

Channel 3

Channel 4

Channel 3

Channel &

Channel 7

Channel 8

Sample

Current sample:

Scale raw coordinate values

X0 Yo Yi |0

[>] Neuronavigation

Setup / Visualization Tracking
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Select recorded sample: |1 =

Yo Z: |0

Digitize Head and Coil
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Neuronavigation

B+

This will invoke the “Zebris
Hardware Setup” dialog. If the
system is correctly attached to
the computer and the driver is
running, the correct hardware
will be selected by default —
confirm with “OK”.

As soon as the system starts
measuring, you will see
continuously updated channel
coordinates in the tracking tab.

It is very important that all
channels are visible; no obstacle
should hide the transmitters
(which would be indicated by
“nan” inthe x,y,and z
coordinate field of the respective
channel).

Once you have confirmed the
visibility of all channels, you can
switch to the “Digitize Head and
Coil tab” and start with the
coregistration of the participant’s
head.

In the coregistration or Digitizer
window several points need to be
coregistered:

Three points which have been
defined as reference points on
the head mesh of the participant
(the head mesh fiducials).

As well as multiple reference
points on the TMS coil (the coil
fiducials). The number of coil
fiducials depends on the coil
type, but never exceed 5.
Another important entry in this
window is the coordinates of the
Digitizer Pen (first row). The
Digitizer Stick is used to perform
the coregistration of the head
and coil.

Zebris Hardware Setup

Please select 5 device for meazursment fram the list
below. Tao setup the parameters of the zelected device

click "Setup’.
CMS20
£

Setup [ Visualization Tracking

Caticel

Neuronavig

Setup

ation

Digitize Head and Coil

X Y £
Channel 1 276.614 -701.215 486.709
Channel 2 270,622 -671.323 547.21
Channel 3 285.024 -624.501 520.279
Channel 4 332,627 -672.831 414,607
Channel 5 431,886 -687.685 4545
Channel 6 346.308 -629.262 543.818
Channel 7 210,574 -707.949 447,704
Channel 8 221,343 -628.898 572.808
Neuronavigation ?
Setup / Visualization Tracking Digitize Head and Coil
Set fidudials with digitizer tip
X Y z
Tip of Digitizer Pen: |-233.387 94.0171 0.0712857
Nasion: ==
Left preauricular: &=
Right preauricular: [CIs=e
Coregister Head O
Coil fidudial 1: ==
Coil fiducial 2: &=
Coll fiducial 3: ==
Coil fidudial 4: s
Coregister Coil O
/\
< "®
( )

°®
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Use the Digitizer Stick to identify
the previously defined
anatomical landmarks on the
participant’s real head.

Define the points in the same
order as indicated in the dialog,
i.e. first the nasion, second the
point close to the left ear and last
the point close to the right ear.

Touch with the tip of the stick the
corresponding head location and
confirm the correct position by
pressing the button on the side of
the Digitizer Stick.

A short press will define the
coordinate of this reference point
and a longer button press will
delete the coordinate of the last
defined reference point again.

Make sure that the ultrasound
transmitters of the Digitizer Stick
as well as the single markers
attached to the participant’s
head face the measuring unit
when confirming the reference
point location by pressing the
button on the pointer.

Once you have defined a point 5 Neuronavigation !
the Coord|nates W|” appear |n the Setup / Visualization | Tracking | Digitize Head and Coil
. . « _eg et fidudals with digitizer ti
respective field of the “Digitize = e ) ,
Head and Coil” tab and the “Set” Tip of Digitizer Pen: | 450,559 91,26 529,057
CheCkmark Wi” appear neXt to Masion: |-5,77551 -30.9189 -17.4163 SEI:
the coordinate indicating that the Leftpresuricaiar | 71,4509 22519 1798 st
pOint dEfinition WaS Successful Right preauricular: | 64,3623 -3.60003 -123.407 SEt
. e Coregister Head

After defining all three head R s
points, the coregistration of the ol fcucd 2 =
head mesh and the participant’s Col fugl 3 O

. . Coil fiducial 4: _
head in the external world will be 1

oregister Lol

performed automatically, as
indicated by the “Coregister
Head” checkmark.
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If the coregistration was
successful, the red points —
defined by the Digitizer Stick
should overlap with the white
points - defined on the head
mesh (see image on the right).

Additionally, check the quality of
the coregistration procedure by
touching the participant’s head
with the tip of the Digitizer Stick.
This gesture should be displayed
at the same location in the
surface window.

Furthermore, three purple
spheres appeared which indicate
the location of the single
ultrasound markers.

@ You can continue with the coregistration of the TMS coil.

3. Coregister TMS Coil

@ Before we can start with the coregsitration of the TMS coil in the TMS Neuronavigator,

the triple marker has to be attached to the TMS coil. For that purpose a TMS coil
holder was delivered which can be screwed to different TMS coil handles and can be
used to attach the triple ultrasound marker.

During navigation the triple marker transmitting information about the current
position of the TMS coil in real-time must face the microphones to complete the
coregistration. If it is temporary “off-view”, the display will freeze. Then the position
will be recalculated in real-time and the display will be updated.

Be aware that you cannot change the triple marker/ coil holder configuration during
navigation.

The setup must stay fixed after the coil coordinate system is linked with the head
coordinate system. Planning on how to mount the marker is essential for a smooth
coregistration and neuronavigation procedure.

Furthermore, check again whether the correct TMS coil has been selected. This can be
easily done in the “Digitize Head and Coil” tab, as the image of the TMS coil displayed
in the lower part of the window changes with the selected TMS coil in the Setup tab.
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For the coregistration procedure
place the TMS coil in a stable
position, e.g. on a tableorina
holding device.

This is done to ensure a fixed
position of the coil during the
reference point coregistration.

Define the points in the same
order as shown in the “Digitize
Head and Coil” tab

Make sure that the coordinates of
the tip of the Digitizer Stick are
always displayed in the
neuronavigation window. If they
are not displayed, the transmitters
of the Digitizer Stick or the Coil
Triple Marker do not face the
measuring device and the
coregistration cannot be
performed.

¥ A Z
Tip of Digitizer Pen: | -480,559 491.25 -529.057
Coil fiducial 1: E-
Coil fiducial 2: m
Coil fidudial 3: [T
Coil fiducial 4: E-
Coregister Coil O
“®
°® '@
c®
h /
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Once you have located the first
point, click the Digitizer button
and the spatial coordinates of this
point are saved. This is indicated
by the “Set” checkmark to the
right of the coordinate.

Repeat this step for the remaining
three coil fiducials.

At the end, the coil coordinate
system will be automatically
coregistered to the head
coordinate system, allowing for
precise neuronavigation of the
TMS caoil.

o

. = 2
Neuronavigation - “
| Setup /Visualization | Tracking | Digitize Head and Coil |
Set fiducials with digitizer tip
X Y z
Tip of Digitizer Pen: |-779,253 215,537 :7157. 756
Nasion: |-5.77651 30,9189 -17.4163
Left preauricular: |-71.4599 4.42519 -117.958
Right preauricular: 64,3623 -3.60008 -123.407 v
Coregister Head
Coil fiducial 1: |177.722 -283.757 -84.0587 |
Coil fiducial 2: |95.7026 -275.229 -108.114
Coil fidudial 3: [105.043 -278.061 -55.155
Coil fiducial 4: | 136.273 -282.895 -24.0102
"®
°@® e®
c®
. 7
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@ Inspect the quality of the coil

coregistration by checking the
locations of the green spheres
displayed on the coil image in the
surface module.

We can now start with the real-time TMS neuronavigation.

4. Real-Time Neuronavigation

Part Il

@ Using real-time neuronavigation, we want to focus the TMS coil on a certain target

%

point on the cortex.

Load the functionally defined
target point
(GSG_Brain_GM_FL_M1.tgp) via
the “Load...” button in the
“Target points” field of the
“Tracking” tab in the
Neuronavigation window.

Three things will change:

1) The target point will be
displayed on the head mesh.

2) The target point field in the
“Tracking” tab will show the
corresponding coordinates.

Neuronavigation

Setup [ Visualization Tracking Digitize Head and Coil
re
X Y z |
Open TGP File
1 <« TMSMNeuronavigator » GSG v & Search G5G
Organize * Mew folder
= Recent places # Mame : Date modif

& SkyDrive

ha Homegroup

0 356_Brain_GM_AL_M1.tgp

G5G_Brain_GM_FL_M1tgp |

0 55G_Brain_GM_TAL_M1.tgp

Target point file

j“nThis PC wlle
File name: | GSG_Brain_GM_FL_M1.tgp v
Target point |0 = /0 wolno = Distance from coil: mm
| tead.. | | Add | Y: |0.0 |+ Distance from beam: mm
Save... Delete ;00 F Use TAL coords (in ACPC space)
Scale raw coordinate values
X0 %o Yoo %o Z |0
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3) A coil-to-target-distance gg 761

(CTD) and a beam-to-target-
distance (BTD) value will
appear in the upper right
corner of the surface window.
These values are only valid for
the currently selected target
point in the “Target point”
spin box of the “Tracking”
dialog (in case multiple target
points have been defined).

2. Now navigate the coil to the TS Col
Eﬂ target. I L] show imagel Show 30 model Showbeam Color: [HEE
() Render filed | ® wireframe | Coil type: |PMD70-View! -
When the TMS coil is visualized Beamradiss Start |1 2] nd: [3 ength: [cg T o

with an image, the image can
block the view during the
navigation.

In order to improve the visibility
of the target point and the
cortex, deselect the image of the
TMS coil, which is required for
the coregistration of the coil, and
change the coil visualization to
wireframe mode.

Once the BTD approaches values
close to zero, the color will
change to green and the TMS coil
can be fixated for the TMS
experiment.
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Part IV

Part IV Appendix

Manual Data Preparation

Step 2: Manual ACPC Transformation

@ For some non-standard datasets (e.g., lesion data, data sets from children or elderly), it
might be advised to perform the ACPC transformation manually. Furthermore, even in
some standard adult data sets the automatic transformation to ACPC space fails.

If this is the case, the ACPC transformation and the definition of the Talairach
landmarks can be performed manually.

Open the TMS
Neuronavigator and close
the TMS Neuronavigator
Wizard.

(B

Go to “File -> Open” and
select the GSG.vmr.

(@R

The “3D Volume Tools”
dialog should be open in the
right upper corner of the
main program window. If this
is not the case open the
dialog via “Volumes -> 3D
Volume Tools”.

Expand the dialog as shown
on the right.

(9w

B+

o TMS Neuronavigator Wizard = & =
.
TMS Neuronavigator

S -—”"&gﬁa;:

Load Prepared Data New MRI Data

Volumes Meshes  5cene  MNeuronavigation

%, Wizard...

Edit Patient Database...

Open... Ctrl+0 1
4 | Save Ctrl+5
Save As...

File Meshes  Scene  Neuronavigation  View
0 30 Volume Tools...

—
Segregate Brain From Head Tissue

Segment Cortex And Create Brain Mesh

Volume Maps... Ctrl+M

Processing Options

3D Volume Tools

System coords Close

Xilss [T Full Dialog >
Y |128 (3
I |128 |3

Surf Module
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Appendix

5. Move to the “Talairach” tab,

@ choose the radio button
“Manual” and click on “Find
AC Point”.

Use the spin boxes in the
appearing “Find AC Point”
dialog to identify the
Anterior Commissure in the
data set. Confirm your
selection with “OK”.

(B

7. In order to define the AC-PC
Plane, click next on “Find AC-
PC Plane ...”

3D Volume Tools

3D Coords Segmentation

Combined automatic ACPC and TAL transformation

[[] visualize intermediate results [[] Brain extracted (IIHC)

AC-PC transformation

() Automatic

(®) Manual

Spedification and visualization of Talairach landmarks

2. | Find AC-PC Plane...

Display full grid Auto-Detect
L Dl il g Load .TAL...
[] Display partial grid AC -
Save .TAL...
(@ Standard TAL points Set Point
- File:
() Subject TAL points Show Point

?

© Find AC Point

Translation

3D Volume Tools

3D Coords Talairach Segmentation
Combined automatic ACPC and TAL transformation

[ visualize intermediate results

AC-PC transformation

[ Brain extracted (IIHC)

Auto-ACPC-TAL

1. Find AC Point... 3. Transform To ACPC

ACPC ->TAL...

TAL - ACPC...

Auto-ACPC-TAL

() Automatic 1. Find AC Point... Transform To ACPC...
(®) Manual 2. NFind AC-PC Plane...
Specdification and visualization of Talairach landmarks
[] pisplay full grid Auto-Detect
Load TAL... | | ACPC->TAL...
[] Display partial grid AC -
Save .TAL... | | TAL -> ACPC...
(®) Standard TAL points Sgt Point
-~ File:
() Subject TAL points Show Point
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Use the “x” spin control in
the “Rotation” field to rotate
the dataset in the lower row
until the view shows the
posterior commissure. The
rotation is executed around
the position of the green
cross. Since the cross is
located at the anterior
commissure, it will remain
visible in the coregistration
window despite rotation.
The green cross can be used
to adjust two additional
angles, if necessary. Change
the “y” and “z” angle to
rotate the dataset in the
coregistration window so
that the green cross runs
through the middle of the
brain.

Now click the “OK” button in
the “Find AC-PC Plane”
dialog.

After having specified the
AC-PC plane the “Transform
to ACPC..” is enabled. In
order to save the specified
transformation (translation
and rotation values) and to
apply them to the 3D data
set, click the “Transform to
ACPC...” button.

A “Spatial Transformation of
VMR” dialog opens auto-
matically. The TMS
Neuronaviagtor will suggest
the filename: “GSG _ACPC”,
which is used to name both
the spatial transformation
(TRF) file as well as the
resulting VMR file. Click the
“GO” button to start the
ACPC transformation.

Rotation

|l

[ que |f o |

3D Volume Tools

3D Coords | Talairach Segmentation

Combined automatic ACPC and TAL transformation

[[] visualize intermediate results [ Brain extracted (IHC)

Part IV

Auto-ACPC-TAL

AC-PC transformation
® Manual 2. | Find AC-PC Plane...
Specification and visualization of Talairach landmarks
Display full grid Auto-Detect
[ Display ful g Load .TAL... |  ACPC ->TAL...
[] Display partial grid AC -
Save .TAL... | | TAL - ACPC...
(® Standard TAL paints SgtPoint
- File:
() Subject TAL paints Show Peint
- = 2
o Spatial Transformation Of VMR :

Interpolation options

() Nearest neighbor @ 256

() Triinear interpolation () 334

(®) Cubic spline interpolation (O 512

() Sinc interpolation R: (3 f[2 1024

Volume to be transformed

(®) Primary volume, forward Secondary volume, forward
() Primary volume, backward Secondary volume, backwar

Resulting .WMR. file

Framing cube dimension

Folder: |udith/Documents/TMSMeuranavigator [G5G Browse...
File name: | GSG_ACPC
Cancel
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@ The specified spatial
transformation is now
applied to the data set. After
a few seconds the resulting
new 3D volume has been
computed and saved to disk.
In addition, the new VMR is
also shown automatically in a
new window. The center of
the new data set is the AC
point and the brain is located
in the AC-PC plane.

11. Inthe second step, eight

@ reference points have to be
specified within the AC-PC
transformed data set: AC, PC,
AP, PP, SP, IP, RP and LP.
Click on “Auto-Detect” in the
“Specification and
visualization of Talairach
landmarks” field. The TMS
Neuronavigator will identify
all landmarks automatically.

@ As aresult a green box is
overlaid on the data set,
representing the identified
cerebrum border (see image
on the right).

O GsGvmr | 4D GSG_ACPC.vmr

3D Volume Tools

3D Coords Talairach Segmentation

Combined automatic ACPC and TAL transformation

[ visualize intermediate results [ Brain extracted {IHC)

AC-PC transformation
) Automatic 1. | Find ACPaint...

(®) Manual 2. | Find AC-PC Plane...

Spedification and visualization of Talairach landmarks

Display full grid Auto-Detect
[ pisplay ful g Load .TAL...
[] pisplay partial arid AC -

Save TAL...

(®) Standard TAL points SetPoint

File:

() Subject TAL points Show Point

Auto-ACPCTAL

3.  Transform To ACPC...

ACPC ->TAL...

TAL - ACPC...
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As a next step, you need to
check whether the
landmarks were correctly
identified by the program.

In order to do that hide the
partial Talairach grid first (1).
Then select each Talairach
landmark in the list (2) and
confirm the correct location
in the image (3).

Make sure that the cerebrum
border points represent the
most outer points of the grey
matter. If a point was not
correctly identified, correct
the point by left clicking on
the correct position in the
data set.

Confirm the corrected
landmark position by clicking
on “Set Point”.

After all landmarks have
been checked and corrected
if necessary, you can save
the corrected Talairach
landmarks to disk, by clicking
on “Save TAL...”

3D Coords Talairach
Combined automatic ACPC and TAL transformation

AC-PC transformation

spedification and visualization of Talairach landmarks

3D Volume Tools

Segmentation

[ visualize intermediate results [ Brain extracted (IHC) Auto-ACPC-TAL

O Automatic 1. | Find AC Point... 3. | Transform To ACPC...

(® Manual 2. | Find AC-PC Plane...

[] Display full grid Auto Detect

Load TAL.. | ACPC->TAL.

|'|:| Display partal grid | 1

TAL -> ACPC...

Save TAL..

() Standard TAL points

. File: |GSG_ACPC.tal
(®) Subject TAL paints

3D Volume Tools

3D Coords Talairach Segmentation

Combined automatic ACPC and TAL transformation
[ visualize intermediate results

[ Brain extracted (ITHC) Auto-ACPCTAL

AC-PC transformation

() Automatic 1 Find AC Point... 3. Trans

(®) Manual 2. | Find AC-PC Plane...
Specification and visualization of Talairach landmarks

[] pisplay full arid Auto-Detect

Load .TAL... ACPC ->TAL...
[] pisplay partial arid AP -

Save .TAL... | | TAL -=> ACPC...
() Standard TAL points
N - File: | G56_ACPC.tal
(@) Subject TAL points Show Paint

3D Volume Tools

3D Coords Talairach Segmentation
Combined automatic ACPC and TAL transformation
Auto-ACPC-TAL

[ visualize intermediate results [ Brain extracted (IIHC)

AC-PC transformation
() Automatic 1 | Find AC Paint... 3. | Transform To ACPC...

(®) Manual 2. | Find ACPC Plare...

Spedification and visualization of Talairach landmarks

[ pisplay full grid Auto-Detect . W e

[ pisplay partial arid AP - =
[m > acre..

() Standard TAL points 22l =

- : File: |GSG_ACPC.tal

(®) Subject TAL paints Show Paint
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15. Keep the suggested filename @ S WALIAE
: and save the GSG_ACPC.taI. T | « TMSNeuronavigator » G5G v G Search G5G p=l
Organize = MNew folder B - @

~ Name Date medified Type

[ Favorites
B Desktop
& Downloads

Mo items match your search,

£# Dropbox
=l Recent places

f& SkyDrive o

I File name: | GSG_ACPC tal

Save as type: | Talairach landmark files (*.tal)

“ Hide Folders Cancel

You can now continue with the creation of the head mesh.
Step 3: Manual Initiation of the Surface Reconstruction of the Head

1. Open the TMS o TMS Neuronavigator Wizard = © [ x|

.
Neuronavigator and close the T™MS Neuronavigator
TMS Neuronavigator Wizard.

Load Prepared Data New MRI Data

Go to “File -> Open” and 2
select the GSG_aACPC.vmr.

Volumes Meshes 5Scene  Meuronavigation

™

Wizard...

Edit Patient Database...

Open... Ctrl+0 I
Save Ctrl+5S
Save As...

Go to Meshes -> “Create o .

S here Mesh ” File Volumes § Meshes IScene Meurcnavigation  View Window  Help
P £3 GSG_aACPC. Load Mesh... Ctrl+H

Save Mesh As...

Add Mesh...

(B9

Create Sphere Mesh...
Shrink Sphere Mesh T Find Head Skin...
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In a new surface window tab ) Create Mesh ?
the Create Mesh dialog will

(P

Create sphere mesh for iterative morphing {g.g. for skin reconstruction)

open. Click on “Create Mesh”
té)create a Sphere mesh NrOfTriangles: [20480 ~ | Radius: | 140

Cancel
“ . 0o
. ->
5 GO to MeSheS Shrlnk File Volumes Scene  Neurcnavigation View Window Help
) Sphere MeshTo FindHead oascawe  moaen. e
Skin” to start the iterative Somlalle
. Add Mesh...
morphing procedure.
Create Sphere Mesh...
Shrink Sphere Mesh To Find Head Skin... I
Mesh Simplification...
6 Save the resultlng mesh to File  Volumes §cene Meurcnavigation  View Window
. . £ G56_aACPC. Load Mesh... Ctrl+H
| disk via Meshes -> “Save = e r

[l . [ Save Mesh As...
Mesh As...”. Use the file Add Mesh...
name: Create Sphere Mesh...

“GSG_aACPC_Head.srf”

Shrink Sphere Mesh To Find Head Skin...
Mesh Simplification...

You can now continue with the creation of the cortex mesh.

Step 4: Manual Initiation of the Automatic Cortex Segmentation

@ The cortex segmentation can be started manually in case one of the earlier steps had
to be performed manually or if the brain peeling step (removal of non-brain tissue)
needs to be improved.

Open the TMS o TMS Neuronavigator Wizard = = n
Neuronavigator and close the TMS Neuronavigator
TMS Neuronavigator Wizard.

-

Load Prepared Data New MRI Data
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2. Goto “File -> Open” and £
% select the GSG aACPC,vmr, E'i‘le E.olumes Meshes  5Scene Neuronavigation
- % Wizard...
Edit Patient Database...
l‘ Open... Ctrl+0 ]
Save Ctrl+5
Save As..

In case not enough non-brain  “
. . . File _‘u’olumes Meshes  Scene  MNeurcnavigation  View
tissue is removed during the =] .

. . “ L=y 3D Volume Tools...
brain peeling, go to “Volumes

(2

Segregate Brain From Head Tissue

-> Processing Options". Segment Cortex And Create Brain Mesh
Volume Maps... Ctrl+M
I Processing Options I
4. You can adjust how £ Volume Processing Settings ?
% conservative the brain
. . . Brain Peeling

peeling is applied, by

adapting the” Adjust size of I.ﬁ.djust size of resulting brain mask (-10 to +10) |5 = I

resulting brain mask (-10 to

+10)” field. Cancel

By default the brain peeling
procedure is rather
conservative to avoid an
unintentional removal of
brain tissue.

By reducing the number in
the spin box, the brain
peeling becomes more
liberal.

Leave the dialog by clicking
“OK”.

Start the automatic cortex ©o

Segmentation (including the File m Meshes Scene  Meuronavigation  View
D 3D Volume Tools...

brain peeling) via “Volumes - l

(9

Segregate Brain From Head Tissue

Segment Cortex And Create Brain Mesh I

> Segment Cortex And Create
Brain Mesh”.
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Overview of File Formats

All files required for neuronavigation are BOLD.

Step
Part I,
Step 1

Input

miclue_140514_ GSG -0002-0001-
00001.dcm

miclue_140514_ GSG -0002-0001-
00192.dcm

~Output
GSG.vmr

GSG.v16

GSG_VMR.pos

Part I,
Step 2

GSG.vmr,
GSG.v16

GSG_ToMSP.trf

GSG_aACPC.trf

GSG_aACPC.vmr

GSG_aACPC.tal

Part I,
Step 3

GSG_aACPC.vmr

GSG_aACPC_Head.srf

GSG_aACPC_Head.vwp

Part I,
Step 4

GSG_aACPC.vmr

GSG_aACPC_Brain.vmr

GSG_aACPC_Brain_BrainTalMask_ACPC.vmr

GSG_aACPC_Brain_RH_WM.vmr
GSG_aACPC_Brain_LH_WM.vmr

GSG_aACPC_Brain_LH_RECO.vwp
GSG_aACPC_Brain_LH_RECO.srf
GSG_aACPC_Brain_RH_RECO.vwp
GSG_aACPC_Brain_RH_RECO.srf

GSG_aACPC_Brain_LH_RECOSM.vwp
GSG_aACPC_Brain_LH_RECOSM.srf
GSG_aACPC_Brain_RH_RECOSM.vwp
GSG_aACPC_Brain_RH_RECOSM.srf

GSG_aACPC_Brain.vwp
GSG_aACPC_Brain.srf

GSG_aACPC_Brain_LH_GM.vmr
GSG_aACPC_Brain_RH_GM.vmr

GSG_aACPC_Brain_LH_GM.vwp
GSG_aACPC_Brain_LH_GM.srf
GSG_aACPC_Brain_RH_GM.vwp
GSG_aACPC_Brain_RH_GM.srf

GSG_aACPC_Brain_GM.vwp
GSG_aACPC_Brain_GM.srf

Part I,
Step 8

GSG_aACPC.vmr

GSG_aACPC_Head.fdp

GSG_aACPC_Head.srf

Part I,

GSG_aACPC.vmr

Step 10: GSG_Brain_GM_AL_M1.tgp
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Step 10 GSG_aACPC_Brain_GM.srf Step 11: GSG_Brain_GM_TAL_M1.tgp
Step 11  Step12: Step 12: GSG_FingerTapping_Brain_GM.smp
Step 12 GSG_FingerTapping.vmp Step 12: GSG_Brain_GM_FL_M1.tgp
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