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28  Presented here is a protocol to achieve higher accuracy in determination of stimulation location
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30
31 ABSTRACT:
32  The abundance of neuroimaging data and rapid development of machine learning has made it
33  possible to investigate brain activation patterns. However, causal evidence of brain area
34  activation leading to a behavior is often left missing. Transcranial direct current stimulation
35  (tDCS), which can temporarily alter brain cortical excitability and activity, is a noninvasive
36 neurophysiological tool used to study causal relationships in the human brain. High-definition
37  transcranial direct current stimulation (HD-tDCS) is a noninvasive brain stimulation (NIBS)
38 technique that produces a more focal current compared to conventional tDCS. Traditionally, the
39 stimulation location has been roughly determined through the 10-20 EEG system, because
40 determining precise stimulation points can be difficult. This protocol uses a 3D digitizer with
41  HD-tDCS to increase accuracy in determination of stimulation points. The method is
42  demonstrated using a 3D digitizer for more accurate localization of stimulation points in the
43  right temporo-parietal junction (rTPJ).
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INTRODUCTION:

Transcranial direct current stimulation (tDCS) is a noninvasive technique that modulates cortical
excitability with weak direct currents over the scalp. It aims to establish causality between
neural excitability and behavior in healthy humans'=. In addition, as a motor
neurorehabilitation tool, tDCS is widely used in the treatment of Parkinson’s disease, stroke,
and cerebral palsy®. Existing evidence suggests that traditional pad-based tDCS produces
current flow through a relatively larger brain region®>”. High-definition transcranial direct
current stimulation (HD-tDCS), with the center ring electrode sitting over a target cortical
region surrounded by four return electrodes®?, increases focality by circumscribing four ring
areas>!0. In addition, changes in excitability of the brain induced by HD-tDCS have significantly
larger magnitudes and longer durations than those generated by traditional tDCS”%. Therefore,
HD-tDCS is widely used in research”1%,

Noninvasive brain stimulation (NIBS) requires specialized methods to ensure that a stimulation
site is present in the standard MNI and Talairach systems'2. Neuronavigation is a technique that
allows for mapping interactions between transcranial stimuli and the human brain. Its
visualization and 3D image data are used for precise stimulation. In both tDCS and HD-tDCS, a
common assessment of stimulation sites on the scalp is typically the EEG 10-20 system?!3*4, This
measurement is widely used for placing the tDCS pads and optode holders for functional near
infrared spectroscopy (fNIRS) in the initial stage®3-1°.

Determining the precise stimulation points when using the 10-20 system can be difficult (e.g., in
the temporo-parietal junction [TPJ]). The best way to solve this is to obtain structural images
from participants using magnetic resonance imaging (MRI), then obtain the exact probe
position by matching target points to their structural images using digitizing products'>. MRI
provides good spatial resolution but is expensive to use>Y’. Moreover, some participants (e.g.,
those with metal implants, claustrophobic people, pregnant women, etc.) cannot be subjected
to MRI scanners. Therefore, there is a strong need for a convenient and efficient way to
overcome the abovementioned limitations and increase accuracy in determining stimulation
points.

This protocol uses a 3D digitizer to overcome these limitations. Compared to MRI, key
advantages of a 3D digitizer are low costs, simple application, and portability. It combines five
reference points (i.e., Cz, Fpz, Oz, left preauricular point, and right preauricular point) of
individuals with location information of the target stimulation points. Then, it produces a 3D
position of electrodes on the subject’s head and estimates their cortical positions by fitting with
the vast data from the structural image!?*. This probabilistic registration method enables the
presentation of transcranial mapping data in the MNI coordinate system without recording a
subject’s magnetic resonance images. The approach generates anatomical automatic labels and
Brodmann areas'!.
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The 3D digitizer, used to mark space coordinates based on the data from structural images, was
first used to determine the position of optodes in fNIRS research!®, For those who use HD-tDCS,
a 3D digitizer breaks the finite stimulation points of the EEG 10-20 system. The distance of the
four return electrodes and center electrode is flexible and can be adjusted as needed. When
using the 3D digitizer with this protocol, the coordinates of the rTPJ were obtained, which is
beyond the 10-20 system. Also shown are the procedures for targeting and stimulating the right
temporo-parietal junction (rTPJ) of the human brain.

PROTOCOL:

The protocol meets the guidelines of the Institutional Review Board of Southwest University.

1. Determination of stimulation location

1.1. Review the literature and confirm the stimulation location (here, the rTPJ)*-21,

2. Preparation of electrode holding cap

NOTE: The following steps are shown in Figure 1.

2.1. Ensure that all necessary materials are readily available: the 3D digitizer (Figure 2),
standard measurement tape, a marking pen, the headform, and a swimming cap.

2.2. Put the cap on the headform and mark the points on the cap.

2.2.1. Localize the Vertex (Cz). To do so, first mark the midpoint of the distance between the
nasion and inion using a skin marker!3'422, Then, measure the distance between the pre-
auricular points and mark the midpoint. The point at which both points intersect is the Cz.
2.2.2. Check the location of the center electrode and the return electrodes. Here, the
stimulation was applied on rTPJ. The rTPJ roughly corresponds to the midpoint between CP6

and P6 in the 10-10 EEG system?®°-2L,

2.2.3. Find CP6 and P62%%°, According to the proportional requirements of the 10-10 system,
locate the approximate location of the rTPJ on the scalp and mark it on the cap.

2.2.4. Adjust the radius of the four return electrodes based on the objectives'®142¢, After this
decision, mark the center electrode and return electrode locations on the cap.

3. 3D digitizer measurement

3.1 Scan with the metal scanner to ensure that the environment for 3D digitizer is metal-free.
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3.2 Placement of the cap on the subject’s head

3.2.1. Make sure that the references (Cz, Fpz, Oz, left preauricular point, and right preauricular
point) on the cap align with the international 10-10 system for scalp location?2. For example,
localize the Vertex (Cz) on the scalp and place the cap onto the subject’s head, aligning the
cap’s Cz to the subjects.

3.3 Arranging the 3D digitizer equipment

3.3.1 Connect the 3D digitizer to the computer using the Universal Serial Bus (USB) interface
and make sure that the digitizer software is available and ready?’.

3.3.2 Put the source in front of the subject and fasten the elastic rope of the sensor around the
head. Importantly, make sure that neither the source nor sensor moves during 3D digitizer

measurement.

NOTE: The source is a magnetic transmitter that emits an electromagnetic dipole field. The
sensor is a receiver that detects the field.

3.3.3 Open the digitizer software on the computer and make sure that the 3D digitizer system
communicates with the software.

3.3.4 Test the accuracy of the stylus. Find a length of 10 m on the ruler and record the zero
graduation and ten graduation, respectively, using the stylus.

NOTE: The measurement distance between the two recording points of the 3D digitizer should
be captured. Compare the error with the reading from the 3D tracker.

3.3.5 Select the New icon and create a new subiject file. Select the Sessions box, then
Reference.

NOTE: Using the 3D digitizer stylus, the reference position data (Cz, inion, nasion, left ear, right
ear) of the subject are collected according to the software prompts.

3.3.6 To cater to the requirement of fNIRS experiments, use the Transmitter, Detector, and
Channel options. Collect the position data of the center electrode and four return electrodes 3x
for the transmitter, detector, and channel, in order to reduce error. Ensure that five electrodes
are numbered and localize in turn.

3.3.7 Save the three files that are generated.

4. Data conversion and spatial registration
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173 4.1 Select the three files into the NIRS-SPM to achieve the real coordinates registration into
174  MNI space?®. Affine transform the reference points and five electrode points in participants to
175  the corresponding points in each entry according to the MRI database in MNI space.

176

177 4.2 Register the data to anatomical automatic labels and Brodmann areas and register the
178  spatial information of the five electrode points to both of these.

179

180 4.3 Compare the coordinates of stimulation in previous research with the obtained

181  coordinates?%?°,

182

183 4.4 Make a small cut aligned to the five points marked on the cap, such that the plastic casing is
184  embedded snugly into the cap.

185

186 5. Stimulation

187

188  5.1. Make sure that participant have no contraindications (i.e., history of neurological or
189  psychiatric disorders) for HD-tDCS*? and that they provided written informed consent prior to
190 the study (including HD-tDCS stimulation).

191

192 5.2 For device installation, ensure that all the necessary materials are available (Figure 3).
193 Install the device as detailed in published literature!®. A brief description is provided below.
194

195  5.2.1 Install the batteries and check that they are charged.

196

197 5.2.3 Connect the conventional tDCS and 4x1 Stimulation Adapter.

198

199 5.2.3 Connect the cables of five Ag/AgCl sintered ring electrodes to the matching receivers on
200 the 4x1 adapter output cable.

201

202  5.2.4. Check that all materials are connected correctly.

203

204 5.3 Measure the head of the participant and place the cap on the head.

205

206  5.3.1 Embed the five plastic HD casings in the swimming cap.

207

208  5.3.2 Localize the Cz, Fpz, and Oz of the subject?®!4. Adjust the reference on the cap to align
209  with the international 10-10 system for scalp locations?2. Once the cap is in position, ensure
210 that it does not move.

211

212  5.3.3 Collect the position data of the stimulated brain areas using the 3D digitizer. Make the
213  corresponding adjustments according to the generated data.

214
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5.4 Cover the scalp surface with electrically conductive gel. First, carefully separate the hair
through the opening of the plastic casing using the end of a plastic syringe, until the scalp is
exposed. Then, cover the exposed scalp with the electrically conductive gel through the plastic
casing opening on the scalp surface.

5.4 Set the parameters of the tDCS device: quality value, stimulus duration, intensity, and
condition setting.

5.4.1 Turn on the 4x1 Multichannel Stimulation Adapter.

5.4.2 Ensure that the default setting is SCAN, which shows the impedance of one electrode at a
time in the display window by scanning the electrodes'#3%31, Here, the impedance is described
as “quality value”. Values below 1.5 indicate sufficient quality'*3%31, In this case, the values
were lower than 1.

NOTE: If the impedance value exceeds these required limits, open the cap of the plastic casing
with high impedance and adjust the hair and electrode to obtain the desired impedance value.

5.4.3 Press the “MODE SELECT” button and switch from “SCAN” to “PASS”, after the impedance
values are acceptable.

5.4.4 Select the center-anode or center-cathode by pressing the “POLARITY” button. “CENTRAL
ANODE” is the default setting.

5.4.5 Adjust the settings on the conventional tDCS device to include stimulus duration (min),
intensity (mA) and sham condition setting. In this case, anodal active stimulation was 1.5 mA,
and the stimulus lasted 20 min. Next, push the “RELAX” lever to switch to full current.

5.4.6 Once everything is set, initiate the stimulation. Press the “START” button, and the DC
intensity will ramp up until the target current is reached. The timer will then show the
remaining time.

NOTE: Some participants may feel uncomfortable during periods of increased DC intensity. In
such cases, the current may be moderately decreased slightly for a few seconds by pulling
down the “RELAX” lever. Then, push the dolly bar to full current, gradually, when participants
feel comfortable again.

6 Post-stimulation
6.1 When the stimulation is over, turn the lever slowly to adjust the current to zero before

turning off the power. Otherwise, participants may perceive stinging sensation or dizziness
when turning off the power directly.
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6.2 After the stimulation, open the plastic cap and remove the Ag/AgCl sintered ring electrodes
from the casing.

6.3 Remove the swimming cap and clean the materials. Provide participants with tools to clean
their hair.

6.4 Ask participants to fill out a questionnaire after each stimulation session, if necessary (e.g.,
to measure adverse effects of screening following HD-tDCS, participant tolerance to brain
stimulation, etc.; see Supplementary File).

REPRESENTATIVE RESULTS:

Using the methods presented, coordinates of the rTPJ were determined, which requires
stimulation points beyond the 10-20 system. First, the circumference of the headform should
be similar to the actual head. Here, the length of the nasion to inion of the headform was ~36
cm, and the length between the bilateral preauricular was ~37 cm.

The steps for producing the electrode cap guide the measuring positions of the 10-20 system.
Here, Nz, Iz, Cz, Fpz, Oz, Pz, T8, T7, C4, P8, 02, P4, C6, P6, and CP6 were determined. The
approximate location of the RTPJ (about the midpoint between CP6 and P6) was found on the
scalp. The distance between the central and peripheral electrodes should be adjusted based on
experimental objectives. Previous research obtained radius values ranging from 3.5-7.5
cmit1430 With different radius values, DC intensity and stimulation duration may generate
different electric field strengths. In this protocol, the distance between all return electrodes and
the central active electrode were fixed to 3.5 cm.

Several important reference points on the swimming cap were kept, including Fpz, Cz, Oz, TS,
and C4. The Vertex on the scalp was located before the stimulation, and it is critical that the Cz
point on the cap exactly aligns with the Vertex. Once the cap is in position, the cap should not
move. One .mat file and two .csv files after digitizing were obtained (i.e., sub01_origin.csv,
which included the coordinate information of the reference [with subject number 01]), while
sub01_others.csv included the coordinate information of the five targeted points [with subject
number 01)].

Three .txt files were obtained after data conversion and spatial registration. In digitizer
software, there are transmitter, detector (receiver), and channel options for fulfilling the
requirements of fNIRS experiments. The coordinate data of the transmitter, detector, or
channel should be the same. However, small operating errors may occur, because of laboratory
personnel skills, pen holding gesture, etc.

Using the NIRS-SPM stand-alone registration function, the spatial registration function
generates MNI coordinates. The numbers in the first line in Table 1 represent the order in the
digitizer. In this protocol, the data from number five is the position information about the
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301 center electrode. In Brodmann areas (BA), the anatomical label and its number were obtained.
302 The number after each line indicates the percentage of overlap. In anatomical automatic labels
303  (AAL), the anatomical label and percentage of overlap were obtained. To reduce measurement
304  errors, the average value of three data points from the five electrodes’ final MNI coordinates
305 were calculated. As for AALs and BAs, the value represents a percentage of overlap with the
306 cerebral cortex. All possibilities were combined into final data (Table 1).

307

308 According to the data from MNI coordinates, AALs, and BAs, if the difference between the value
309 andtarget value is too large, the swimming cap must be adjusted to the relative position of the
310 actual values of X, Y, Z, and the target value, as explained in sections 2—411,14:30,31,

311

312  FIGURE AND TABLE LEGENDS:

313

314  Figure 1: Steps for creating the holding electrode cap.

315

316  Figure 2: 3D digitizer. The 3D digitizer is a cost-effective solution for 3D digitizing. It is a dual
317  sensor motion tracker. The source is a magnetic transmitter that emits an electromagnetic

318 dipole field. The sensor is a receiver that detects the field. The stylus allows accurate

319 pinpointing of X, Y, and Z data points. The control box connects to the computer and transfer
320 data.

321

322  Figure 3: Necessary materials for stimulation. These materials include a tDCS device, 4x1

323  Multichannel Stimulation Adapter, four 9 V batteries, five Ag/AgCl sodium ring electrodes, five
324  HD plastic casings and their respective caps, electrically conductive gel, a syringe, a standard
325 tape measure, and a swimming cap.

326

327 Table 1: Localization of stimulations in the brain area.
328

329 DISCUSSION:

330

331 Compared to traditional tDCS, HD-tDCS increases the focality of stimulation. Typical sites of
332  stimulation are often based on the 10-20 EEG system. However, determining the precise

333  stimulation points beyond this system can be difficult. This paper combines a 3D digitizer with
334  HD-tDCS to determine stimulation points beyond the 10-20 system. It is important to clearly
335 define the steps and precautions for making and using the electrode cap in such cases.

336

337 Ingeneral, the position of target stimulation areas is derived from the results of previous brain
338 imaging studies, and the position of the stimulation areas on 10-20 international system or MNI
339 coordinates can be obtained. The steps for creating the electrode cap guide for measuring
340 positions of the 10-20 system are critical. It is key that the reference on the cap aligns with the
341 international 10-20 system for scalp locations when placing the cap on the head. Once the 3D
342  digitizer starts running, the source and sensor should not move, or it will cause data deviation.
343
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In the software, the reference points are on the scalp and not on the cap, unless all the
reference points of scalp and cap are matching. If the error between the measured results and
target values is out of the acceptable range, the position of the marked points should be slightly
adjusted. After adjustment, measurements should then be made again. Once users press the
“MODE SELECT” button and switch from “SCAN” to “PASS”, the current will start passing from
the conventional tDCS device through the electrodes into the 4x1 Multichannel Stimulation
Adapter. After stimulation, if the position data of the stimulated brain areas of each participant
needs to be collected, it is important not to move or remove the swimming cap.

The modular electroencephalogram recording cap provides fixed positions of probes. However,
determining the precise stimulation points beyond this system can be difficult. The positions of
electrodes beyond the 10-20 system can be determined using the protocol described, as well as
the coordinates of stimulation points. The radius setting should be based on the experimental
objectives. Using the method described here, the radius of the four return electrodes and
center electrode can be flexibly adjusted.

There are many digitizer software packages (e.g., the Brainstorm software for an fNIRS task;
here, the Vpen software was used)®. Different data collection software packages emphasize
different functions and should be selected according to the research question. Head
circumference varies among individuals; hence, using the same cap can produce errors.
However, the modular electroencephalogram recording cap also suffers from this problem.
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Table 1

Table 1. Localization of stimulation brain area.

Click here to access/download;Table;table1.xIsx %

1 2
X Y VA X Y VA X
Channel |43 -89 13 46 -64 54 71
Transmit |42 -89 18 42 -67 55 71
Receiver |43 -89 16 45 -67 54 71
MNI Mean [42.7 -89 15.7 44.3 -66 54.3 71
18 - Visual Association Cortex (V2), 7-Somatosensory Association Cortex, |2 —Primary St
0.27823 0.27876 0.41667
39 - Angular gyrus, part of Wernicke's |22 - Superior
19 -V3, 0.72177 area, 0.53982 0.28086
40 - Supramarginal gyrus part of 40 - Supramg
Wernicke's area, 0.18142 Wernicke's a
48 - Retrosuk
Channel
18 - Visual Association Cortex (V2), 7 - Somatosensory Association Cortex, |2 - Primary S«
0.15936 0.57466 0.38871
39 - Angular gyrus, part of Wernicke's |22 - Superior
19 - V3, 0.84064 area, 0.34389 0.15674
40 - Supramarginal gyrus part of 40 - Supramg
Wernicke's area, 0.081448 Wernicke's a
48 - Retrosuk
Transmit
18 - Visual Association Cortex (V2), 7 - Somatosensory Association Cortex, |2 - Primary St
0.21514 0.42601 0.44025
39 - Angular gyrus, part of Wernicke's |22 - Superior
19 - V3, 0.78486 area, 0.51121 0.14151
40 - Supramarginal gyrus part of 40 - Supramg
Wernicke's area, 0.06278 Wernicke's a
BA Receiver 48 - Retrosut
Parietal_Sup_R, 0.030973 SupraMargin
Parietal_Inf_R, 0.31416 Angular_R,
0.65487 Temporal_Su
Channel Occipital_ Mid R, 1
Parietal_Sup_R, 0.20814 SupraMargin
Parietal_Inf_R, 0.20362 Temporal_Su
Angular_R, 0.58824
Transmit Occipital_ Mid_R, 1
Parietal_Sup_R, 0.044843 SupraMargin
Parietal_Inf_R, 0.20179 Temporal_Su
AAL Receiver Occipital_Mid_R, 1 Angular_R, 0.75336
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-31 27 65 -58 -12 58 -69 22
-30.7 26.3 64.3 -57 -14.7 59.3 -67 23.3
>matosensory Cortex, 20 - Inferior Temporal gyrus, 21 - Middle Temporal gyrus,

0.089606 0.0072464

Temporal Gyrus,

irginal gyrus part of
rea, 0.19136

dicular area, 0.11111

37 - Fusiform gyrus, 0.91039

22 - Superior Temporal Gyrus,
0.17391

37 - Fusiform gyrus, 0.07971
39 - Angular gyrus, part of Wernicke's
area, 0.73913

omatosensory Cortex,
Temporal Gyrus,

irginal gyrus part of
rea, 0.31034

dicular area, 0.1442

20 - Inferior Temporal gyrus,
0.035842

37 - Fusiform gyrus, 0.96416

21 - Middle Temporal gyrus,
0.0072464

22 - Superior Temporal Gyrus,
0.17391

37 - Fusiform gyrus, 0.07971
39 - Angular gyrus, part of Wernicke's
area, 0.73913

omatosensory Cortex,
Temporal Gyrus,

irginal gyrus part of
rea, 0.28302

sicular area, 0.13522

20 - Inferior Temporal gyrus,
0.0071429

37 - Fusiform gyrus, 0.99286

19 -V3, 0.0036101
22 - Superior Temporal Gyrus,
0.054152

37 - Fusiform gyrus, 0.12274
39 - Angular gyrus, part of Wernicke's
area, 0.81949

al_R, 0.65741 Temporal_Mid_R, 0.039427 Occipital_Mid_R, 0.13406
p_R, 0.34259 Temporal_Inf_R, 0.93907 Angular_R, 0.33696
Cerebelum_Crusl_R,0.021505 Temporal_Sup_R,0.032609
Temporal_Mid_R, 0.49638
al_R, 0.74922 Temporal_Mid_R, 0.032258 Occipital_Mid_R, 0.13406
p_R, 0.25078 Temporal_Inf_R, 0.94265 Angular_R, 0.33696
Cerebelum_Crusl_R, 0.02509 Temporal_Sup_R,0.032609
Temporal_Mid_R, 0.49638
al_R,0.7673 Temporal_Mid_R, 0.11429 Occipital_Mid_R, 0.22022
p_R, 0.2327 Temporal_Inf_R, 0.88571 Angular_R, 0.15523

Temporal_Mid_R, 0.62455
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Name of Material/ Equipment Company Catalog Number Comments/Description

1X1 Low Intensity transcranial DC Soterix

Stimulator Medical  1300A

3-dimensional Polhemus-Patriot POLHEMU

Digitizer S 1A0453-001 PATRIOT system component
4X1 Multi-Channel Stimulation Soterix

Interface Medical  4X1-C3

Dell desktop computer Dell CRFC4J2 Master computer to run 3D digitizer application
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Response Letter
Dear Editor,
We would like to thank you and the review team for the constructive suggestions. We
have carefully revised the manuscript based on these suggestions and we re-submit this
revision for your consideration. Point by point responses to the reviewers’ comments are
provided below, in blue font.
We hope that the revised version of the manuscript is now acceptable for publication in
JoVE.

We look forward to hearing from you soon.

Yours sincerely,
Qinghua He on behalf of all authors

heginghua@gmail.com; heginghua@swu.edu.cn.
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Response to Editor
1. The editor has formatted the manuscript to match the journal's style. Please retain the

Same.

Response: Thank you. We retain the journal’s format in the revision.

2. Please address specific comments marked in the attached manuscript.
Response: We appreciate these suggestions. We have rewritten the related parts and
provided more details in the abstract and protocol sections. In addition, we added a

Supplementary Material file that provides more details and specifics.

How many participants were used for the study? In how many participants were these
new stimulation points determined? Some statistical analysis if done.

Response: Thank you for these constructive comments. In the preparation of electrode
holding cap, we collected the stimulation position data of one participant three times
repeatedly, in order to reduce error. During the stimulation procedure, we collected the
position data of the stimulated brain areas of each participant. We made the
corresponding adjustments according to the individually generated data before

stimulation. This improves the stimulation accuracy for each individual.



3. Once done, please proofread the manuscript for any grammar or spelling errors.

Response: Thank you. We double checked the text and revised the manuscript carefully.

The revised version has been proofread; it should be easier to follow and free of typos.

4. Please highlight 2.75 pages of the protocol including headings and spacing for filming

purpose.

Response: Thank you for this comment. In response, we highlight the essential steps of

the protocol for the video in yellow.

Response to Reviewer 3
1. Describe the name of the tDCS device used, the advice with running the machine will
vary depending on the make/model. Information is also missing in regards to the software

recommended to use with the digitiser.

Response: Thank you for this comment. The use of such names is not allowed in the

manuscript. Nevertheless, we provide the requested information in the Materials file.

2. The claim that the paper goes beyond the 10-20 system seems to be misleading to me.



The method describe is still heavily based on this system. For concerns with the accuracy
(and reproducibility) of tDCS electrode placement, it would be nice to see a study that
directly compares the accuracy of multiple techniques and how these affect behavioural
outcomes E.g., placement via 10-20 alone, with the addition of a 3D digitiser, using a
neuro-navigation system with a standard head model, and using a neuro-navigation
system with individual MRI scans. IN the least, can the authors provide any
evidence/justification that the method they describe is more accurate? Especially given it
requires more equipment/cost than the 10-20 system alone. And, related, some indication

of cost?

Response: Thank you for these constructive comments. We changed the related
statements to be more objective and accurate. The finite electrode points of 10-20/10-10
system do not cover all cortical areas. Moreover, we are still not sure if the stimulation
points are the targeted cortical areas by placement via 10-20/10-10 alone. The method
with the addition of a 3D digitizer can overcome the abovementioned limitation. Previous
studies used this method to obtain the probability that the stimulation points correspond
to cortical areas™. According to the generated value, we can make the needed

adjustments to improve the accuracy.

To use broadly and conveniently, 3D digitizer is cost effective and is suitable for use with
other techniques including the functional Near-Infrared Spectroscopy (fNIRS), EEG and

SO On.



3. Provide a reference for point 5.1., so potential researchers can look up subject safety

guidelines for tDCS.

Response: We appreciate this suggestion. In response, we added the reference for point

5.1.

Response to Reviewer 4
Major Concerns:

1. the title and introduction are not clear and easy to read.

Response: Thank you for this comment. We changed the related statements to be more
objective and accurate. The title now reads:” Determining more Precise Stimulation
Location by Combining a 3D Digitizer with High-Definition Transcranial Direct Current

Stimulation (HD-tDCS) .

2. some concepts are very superficial with respect to the way tDCS works. For example:
" It aims at helping psychiatric patients and at establishing causality between neural

excitability and behavior in healthy people™



" Neuronavigation is the technique that allows for mapping the interaction between

transcranial magnetic stimulation (TMS) and the human brain"

Response: Thank you. We changed the related paragraphs. They now provide more detail.

For example, we write that:

” Transcranial direct current stimulation (tDCS) is a non-invasive technique that
modulates cortical excitability with weak direct currents over the scalp. It aims at
establishing causality between neural excitability and behavior in healthy people!. In
addition, as a motor neurorehabilitation tool, tDCS is widely used in the treatment of

Parkinson’s disease, stroke and cerebral palsy*.”.

“Neuronavigation is the technique that allows for mapping the interaction between
transcranial stimulation and the human brain. Its visualization and three-dimensional

image data are used for precise stimulation.”.

3. As opposed to what Authors claim, MRI is usually essential for neuronavigation and

often time there is no point in neuronavigating without MRI.

Response: Thank you for this comment. We agree with that MRI is usually essential for
neuronavigation. However, some participants (e.g., with a metal implant, claustrophobia,
pregnant women, etc.) cannot be easily scanned with MRI techniques. The method we

applied does not require MRI scans and is based on the vast data from the structural



images to overcome the abovementioned limitations. That is to say, we still rely on
structural images produced by MRI to determine more precise stimulation, compared to

when not using MRI or our technique.

4. An important aspect is quite neglected, which is the interaction between tDCS electric

field and head structures.

Response: Thank you for this constructive comment. Previous studies found that highly
conductive cerebro-spinal fluid (CSF) lead to poor focal stimulation of tDCS*. However,
using the multiple small electrodes and systematically optimizing the currents can
achieve targeted stimulation®. Compared to conventional tDCS, the 4 x 1 HD-tDCS has
diminished electrode size, and it reduces affected cortical area size, which results in more
spatially restricted electric field. Moreover, in this protocol, our emphasis is on the

accuracy of electrode placement. Therefore, there is not much discussion about this issue.

5. If the Authors believe that there is no point in considering head MRI because tDCS
effects are very broad, then this should be claimed and supported, but in this case | would
rather argue that perhaps neuronavigation does not improve tDCS targeting. Conversely,
if the Authors believe that HD-tDCS has very focal effects, there is no other way than

using a personalized brain MRI.

Response: Thank you for these comments. A key limitation of tDCS is the difficulty in

precisely focusing the stimulating electric field®. Compared to tDCS, HD-tDCS employs



the small ring of electrodes to diminish electrode size, which results in more focal
stimulation of selected brain regions’. However, a common assessment of the site of
stimulation on the scalp has usually been the EEG 10-20 system. This approach limits the
placement of the electrode points, and we cannot verify whether the placement is on the
targeted cortex. The best way to get a more exact probe position is using a personalized
brain MRI. But when participants cannot scan in MRI (due to health or cost issues), the

method we applied is also a good way to overcome the abovementioned limitation.

6. The procedure basically describes the use of a neuronavigation system, and | am not

sure whether this is specific to HD-tDCS.

Response: Thank you for this comment. The method is also suitable for use with other
techniques to verify the location of specific brain regions (For example, functional

Near-Infrared Spectroscopy, fNIRS).

7. Some specific wording which may change depending on the commercial products is

reported in the manuscript. | wonder if this could be better handled.

Response: Thank you. We provide the commercial information of products in the

Materials file for reference. In this protocol, we mainly provide a way to combine



neuronavigation with non-invasive brain stimulation to improve the accuracy of

stimulating location. This method is suitable for other digitizers, but the operation may be

different. Moreover, different commercial products should be selected as per the research

questions. Hence, we keep our description product-free,
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Adverse effect screening for HD-tDCS*

1. How much you perceive the stimulation to affect your behavior?
1(notatall) 2 3 4 5 6 7(extremely)

2. Do you think electrical stimulation is acceptable for you?
1(can’tbear) 2 3 4 5 6 7 (totallyacceptable)

3. Did you experience any of the following symptoms or side effects?
(1) Headache
Do you think this is related to HD-tDCS? 1 (none) 2 3 4 5 (extreme)

(2) Neck pain
Do you think this is related to HD-tDCS? 1 (none) 2 3 4 5 (extreme)

(3) Scalp pain
Do you think this is related to HD-tDCS? 1 (none) 2 3 4 5 (extreme)

(4) Scalp burns
Do you think this is related to HD-tDCS? 1 (none) 2 3 4 5 (extreme)

(5) Tingling
Do you think this is related to HD-tDCS? 1 (none) 2 3 4 5 (extreme)

(6) Skin redness
Do you think this is related to HD-tDCS? 1 (none) 2 3 4 5 (extreme)

(7) Sleepiness
Do you think this is related to HD-tDCS? 1 (none) 2 3 4 5 (extreme)

(8) Trouble concentrating
Do you think this is related to HD-tDCS? 1 (none) 2 3 4 5 (extreme)

(9) Acute mood change
Do you think this is related to HD-tDCS? 1 (none) 2 3 4 5 (extreme)

(10) Other (Please Specify):

* Participants were asked to fill out the questionnaire after the stimulation for
screening the adverse effect.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | 1mprove the localization and accuracy by combining 3-dimensional Digitizer with high-definition
transcranial direct current stimulation (HD-tDCS)

Author(s):

Wanting Chen, Rui Chen, and Qinghua He

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

MSta ndard Access

Item 2: Please select one of the following items:

D Open Access

MThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name: ]
Qinghua He
Department:
Faculty of Psychology
Institution: . .
nstitution Southwest University
Title: Professor
Signature: date: May, 15, 2019
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