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Abstract

During the past decade, it became clear that the electric field elicited by
non-invasive brain stimulation (NIBS) techniques such as transcranial direct
current stimulation (tDCS) and transcranial magnetic stimulation (TMS) are
substantially influenced by variations in individual head and brain anatomy. In
addition to structural variations in the healthy, several psychiatric disorders are
characterized by anatomical alterations that are likely to further constrain the
intracerebral effects of NIBS. Here, we present high-resolution realistic head
models derived from structural magnetic resonance imaging data of 19 healthy
adults and 19 patients diagnosed with major depressive disorder (MDD). By
using a freely available software package for modelling the electric fields
induced by different NIBS protocols, we show that our head models are
well-suited for assessing inter-individual and between-group variability in the
magnitude and focality of tDCS-induced electric fields for two protocols
targeting the left dorsolateral prefrontal cortex.
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(:5757:3 Amendments from Version 1

We clarified the pipeline for head model creation. Based on the
reviewers’ comments, we highlighted some additional limitations
about the utility of the head models, we added ‘electric’ and
changed ‘effects’ to ‘electric fields’ in the title of the manuscript
and elaborated a little more on the group differences in
tDCS-induced electric fields between MDD and healthy subjects.
We also now provide new scripts compatible with the latest
released version of SimNIBS (version 2.1.1) for automated
simulation of tDCS-induced electric fields.

See referee reports

Introduction

Non-invasive brain stimulation (NIBS) techniques such as
transcranial direct current stimulation (tDCS) and transcranial
magnetic stimulation (TMS) have been used to investigate the
relationship between activity in different cortical regions and
cognitive processes'”. A key advantage of NIBS is that it allows
direct manipulation of neural excitability’. Therefore when used
carefully, it allows causal interpretation of how specific brain
regions might be involved in mental phenomena such as percep-
tion!, working memory”, attention®, decision-making’ or emo-
tional regulation®. In addition, NIBS has been used as a clinical
tool to obtain symptom reduction in several neurological and psy-
chiatric conditions’'%. Importantly, the same stimulation protocol
can result in different neural effects across individuals because
the distribution of stimulation-induced electric fields (E-fields)
in the brain is strongly contingent on anatomical variability'*'".
This can manifest in strong variability in the effects of NIBS
on cognitive performance in healthy individuals (e.g., work-
ing memory'>'°) and on treatment outcomes in patients (e.g.,
depression'’!).

Given the heterogeneity in the efficacy of NIBS protocols in
modulating behavior and clinical symptoms, there has been a
move towards computational modelling of the spatial distribution
of E-fields in the brain to understand how stimulation parameters
such as electrode placement, electrode rotation or electrode type
affects current flow in the neural tissue. After an initial phase
during which simplistic spherical head models were used”, the
focus has shifted to very detailed, realistic head models created
from individual structural magnetic resonance (MR) images using
freely available tools (e.g. SimNIBS* or ROAST*). Creating
individual head models remains challenging, however, due to (1)
the requirement of high-quality structural MR images for each
study participant and (2) the need to manually improve the auto-
matic segmentation of the MR images into the different tissue
types (i.e., bone, cerebrospinal fluid, white and grey matter, air,
etc). As a consequence, individual head models are rarely used
in practice. Instead, researchers usually rely on E-fields induced
in a reference individual which is generalized to all participants.
This approach, of course, neglects the importance of individ-
ual brain anatomy which can have strong influences on E-field
distribution"”.

To circumvent this issue, the New York (NY) Head model”
was created from the ICBM152 (v6 template®”’ and v2009b
template®), which is a non-linear average of 152 individual MRIs
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and is extended to the full head and neck region by fusing it
with an average of an additional 26 brains. Therefore, this head
model represents an unbiased population average and should
be a better representation of the individual participants than
any randomly picked reference individual. However, calcula-
tion of the electric field on a single head model does not allow to
quantify variation across individuals that can be substantial both
in cortical regions directly below the electrodes and those that
are farther away from the stimulation sites. Also, given that
the NY Head was created using healthy individuals, possible
systematic differences between patient groups may not be
noticed.

To improve this situation, we present 38 head models created from
MR images of 19 healthy participants and 19 patients with major
depressive disorder (MDD). These head models were manually
checked and edited to improve their accuracy in giving a faith-
ful representation of cortical regions. Our head models can aid
future research in at least three ways: First, calculating electric
fields across a large sample allows to get a sense of the variabil-
ity of the induced E-field due to anatomical differences. Second,
our head models also enable comparison of the neural effects on
NIBS protocols in healthy vs. depressed brains. Given the dif-
ferent protocols used for left dorsolateral prefrontal cortex
(IDLPFC) targeting with NIBS**’, computational modelling
using these head models will enable the development of pro-
tocols for more selective IDLPFC stimulation in this disorder.
Third, EEG source localization also relies on head models to
calculate the spatial location of possible current sources in the
brain. Usually, boundary element models (BEM) are used which
have the limitation of less anatomical detail. Therefore, finite ele-
ment models (FEM) derived from high resolution MR images
have become more widespread because they are able to incorpo-
rate more tissue types, increasing the precision of EEG source
localization. Our head models can be used for source localization
using open-source software’’. Thus, our head models can help
researchers to optimize NIBS protocols and EEG source localiza-
tion methods, and to test them on a larger sample (including both
healthy and patient data).

Methods and results

Participants

High-resolution head models were created from T1-weighted ana-
tomical images that were collected in a separate functional mag-
netic resonance imaging (fMRI) study®’. The data was obtained
from the OpenfMRI database (accession number:ds000171).
Structural scans of 19 healthy adult participants with no history of
depression or other psychiatric disorders (11 females; mean + SD
age: 28.79 = 10.86; range: 18-59) and 19 individuals diagnosed
with MDD and experiencing a depressive episode at the time
of the scanning (11 females; mean + SD age: 33.52 + 13.35;
range: 18-56) were used. Data of one control participant (’sub-
control20’) was excluded due to technical problems with head
model creation. Patients did not suffer from current or past manic
episodes, current comorbid anxiety disorders or current alcohol
dependence or abuse. At the time of data collection, all patients
were unmedicated, but 6 received antidepressant pharmacotherapy
in the past. For full details regarding demographic data, we refer
to the supporting information of the original paper”.
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Creation of head models

As the very first step, we inspected scans of all participants, and
manually removed signals corresponding to the MRI marker
placed on the forehead of each subject using FreeSurfer 5.3.0%.
Automated tissue segmentation was performed in SPM12%
for skin, skull, eyeballs, CSF and major air cavities, and in
FreeSurfer for gray and white matter. Subsequently, segmented
images of each participant were visually inspected and manually
corrected with FreeSurfer (done by investigator G.Cs., verified
by O.P). Manual corrections were primarily restricted to the
skull-CSF boundary, but in some cases also involved the skin-
skull interface. In addition, during manual corrections we verified
that the segmentation of the cortical gray matter corresponded to
the anatomical scans except for medial temporal lobe structures
(i.e., the parahippocampal gyrus and the hippocampus proper).
Moreover, the resulting masks were not corrected for inconsist-
encies relating to subcortical nuclei and thus, these head mod-
els are not suitable for estimating stimulation-related E-fields
in structures such as the thalamus, basal ganglia, amygdala or
the cerebellum. Additionally, the segmentation of the brain-
stem is not accurate because it arbitrarily assigned brain
tissue to white and grey matter. Furthermore, because the origi-
nal dataset was de-faced and did not include the neck/shoulder
region, our head models do not include these regions. This
has 2 implications: Firstly, this limits their usability regard-
ing the simulation of tDCS montages with extracephalic return
electrodes. Nevertheless, they can be used for all tES proto-
cols using scalp electrodes and most TMS protocols. Secondly,
an extended head model with field of view covering the entire
head would further increase the predictive accuracy of the head
models™.

Head models were created with a custom version of SimNIBS
2.1, a freely available software package for simulating the
effects of NIBS techniques. The final head mesh of each par-
ticipant consisted of a total number of approximately 3,200,000
tetrahedral elements, assigned to six tissue types (Figure 1).
The initial segmentation included more than 6 tissue compart-
ments (e.g., separate tissue types for cerebellar gray and white
matter; available in the m2m_sub-* folders) but they were later
combined into one of 6 tissue types: skin, skull, CSF, GM, WM
and eyeballs in the final head models for simulation purposes. In
addition, air cavities were modeled by not adding tetrahedra
to these locations, similar to the air surrounding the head. For
comparability with other datasets, we also report measure-
ments for head size: The distance between the nasion and inion

Skin

Skull

Figure 1.The six tissue compartments of the head models.

Eyes Cerebrospinal
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(mean * SD: 19.2 cm #1.01 cm; range: 16.7 cm - 21.3 cm)
and the distance between the right and left pre-auricular points
(mean + SD: 14.8 cm +0.65 cm; range: 13.6 cm - 16.3 cm).
The total volume of the brain was 1.22 dm?® +0.11 dm?® (range:
1.02 dm® - 1.49 dm®). Individual measurements are found at our
data repository*

Tissue conductivities were set as follows: 0.465 S/m (skin), 0.01
S/m (skull), 0.5 S/m (eyeballs), 1.654 S/m (cerebrospinal fluid),
0.275 S/m (gray matter), 0.126 S/m (white matter). Although
our head models do not account for white matter anisotropy, this
property has been shown to primarily influence current density
in deeper structures, leaving superficial gray matter relatively
unaffected”’. The accuracy of tissue segmentation and the good
correspondence between anatomical scans and the resulting head
models for 8 individuals are shown in Figure 2.

Dataset validation

Except for two manual steps (removal of MRI markers from
the forehead, manual correction of tissue segmentations), the
process of head model creation was automated using a custom
version of SimNIBS 2.1 that employed FreeSurfer 5.3.0 for
brain segmentation (as described in 38 and implemented in
mri2mesh) and SPM12 for segmentation of the remaining tissues
(similarly to 39 and implemented in headreco). This pipeline
provides more accurate tissue segmentation relative to other
protocols. It was a custom pipeline developed before the offi-
cial release of SimNIBS 2.1. However, using headreco combined
with the CAT12 toolbox (included with SimNIBS 2.1.1) for cor-
tical reconstruction, the same accuracy can be achieved. We
provide scripts compatible with SimNIBS 2.1.1 for automated
simulation of tDCS-induced electric fields for all head models
available for download at our data repository™.

For validating the reliability of our head models, we compared
the effects of two tDCS protocols targeting the IDLPFC (one con-
ventional bipolar montage and one multi-electrode 4x1 setup)
against the effects observed in the NY Head”. The mesh for the
NY Head (abaqus format; https://www.parralab.org/nyhead/)
has been reformatted to be compatible with SimNIBS and is also
available for download in our data repository™.

For each head model, tDCS electrodes of appropriate size (bipo-
lar montage: 5 x 5 cm, circular connectors (diameter: 0.5 cm)
at the middle of the electrode pads; 4x1 montage: diameter of
1.2 cm) and thickness (1 mm for all electrodes + a sponge pocket

White
matter

Gray

fluid matter
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Figure 2. Cross-sections showing the correspondence between anatomical scans overlaid with results of the tissue segmentation
(skin: dark blue; skull: turquoise; cerebrospinal fluid: green; gray matter: yellow; white matter: red; air cavities: purple, eyeballs: dark
red) and the head models (meshes) for 4 individuals from both groups.

of 2.5 mm thickness for the bipolar montages and a gel layer of
2.5 mm thickness for the 4x1 montages) were placed at scalp
locations corresponding to electrode positions of the International
10/10 system (bipolar montage: anode - F3, cathode - F4; 4x1
montage: anode: F3, cathodes: C3, FT7, Fpl, Fz). Stimulation
intensity for the anode was set to 2 mA, with equal distribu-
tion of return currents for the 4 cathodes (0.5 mA for each) in
the 4x1 protocol. Results of the simulations were visualized
using Gmsh™ (Figure 3).

In our previous study'’, we reported stronger stimulation-
induced E-fields in the IDLPFC for the bipolar montage used by
Brunoni and colleagues (2013)" than for the 4x1 protocol, albeit
the bipolar montage was also associated with reduced focal-
ity (i.e., more intensive stimulation of other cortical areas).
Therefore, we extracted three measures for both tDCS protocols
for our 38 head models: stimulation strength (the norm of the
electric field vector, 'normfield’) in the IDLPFC was assessed
by extracting individual mean (calculated across all nodes
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Figure 3. The spatial distribution of tDCS-induced E-fields in the NY Head and our 38 head models for the bipolar and the 4x1
montages. Please note the large degree of variability in E-field magnitude (both protocols) and in the lateralization of effects (bipolar

protocol).

in this region) and maximum (peak) E-field values, whereas
spatial focality of the stimulation was analyzed by calculating
the focality-index (FI), with the target region as reference. FI was
quantified as the proportion of highest-intensity nodes (nodes
within the upper 1% percentile of all E-field values) in the
IDLPFC relative to the whole cortex. Mean and peak E-field
values corresponding to both tDCS montages were extracted
by reconstructing the two-dimensional cortical surface (more
precisely, the middle of the cortical sheet) of each individual
along with the corresponding E-field cortical map in FreeSurfer,
and an automated atlas-based parcellation of the frontal lobe"
was applied to each individual brain to delineate the IDLPFC.
As a result, we show that (1) both protocols induce strong
E-fields in the DLPFC (with symmetrical effects for the bipolar

montage and unilateral E-field distribution for the 4x1 protocol),
(2) E-field magnitudes and distributions are similar for our
head models and for the NY Head, (3) all E-field measures
(peak and mean strength, FI) show great degree of variability, and
(4) montage-specific effects are consistent with previous results
reported in the literature regarding both the spatial distribution
and the magnitude of E-fields*** (Figure 3, Figure 4). Access-
ing group differences between MDD and healthy subjects was
not the primary aim of the current data note, however, analysis of
the spatial distribution of tDCS-induced E-fields in the bilateral
DLPFC and medial prefrontal cortex showed subtle group
differences between the healthy and MDD groups. For detailed
discussion of these results and that of Figure 4 we refer the
reader to our accompanying paper'*.
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Figure 4. Variability of tDCS-induced E-field strengths across head models for the two montages. Both peak (left panel) and mean
(middle panel) E-field magnitudes in the IDLPFC are stronger for the bipolar montage, whereas the 4x1 protocol yields more focal stimulation
of the target region (right panel). Group means (red: healthy individuals, green: MDD patients) do not differ substantially, but large degree
of inter-individual variability can be observed in both groups. The triangles show data for the New York Head. Horizontal lines within boxes
represent median values, whereas lower and upper box hinges correspond to the first and third quartiles (25" and 75" percentiles). Lengths of
upper/lower whiskers extend to the largest/smallest values that do not exceed 1.5* the inter-quartile range; dots represent individual data.

Data availability

Open Science Framework (OSF). Dataset 1. Head models of
healthy and depressed adults for simulating the effects of non-
invasive  brain  stimulation, http://doi.org/10.17605/OSF.10/
EXBD5%*

License: CCO 1.0 Universal

At our data repository™, the following data are available for
download for all subjects (healthy adults: ’sub-control’, patients:
’sub-mdd’): T1-weighted anatomical scans registered to Free-
Surfer conform space (’nii.gz’ files), the corresponding segmenta-
tion masks for the 7 (6 tissue types of the final meshes + a mask
for major air cavities) tissue types ('nii.gz’ files), the final head
models ("'msh’ files), the files containing electrode coordinates
(International 10/10 system) for all participants ('txt’ files can be
used for performing new script-based simulations, whereas the
’geo’ files can be used to plot electrode positions directly onto the
mesh files in Gmsh®), and files organized in 2 folders (*fs_*.tar.
gz’ and 'm2m_*.tar.gz’) that enable creating simulation outputs in
average FreeSurfer space (‘fsaverage’). We also included a
README file with a detailed description of the data and scripts.

Usage notes

Our head models are compatible with SIimNIBS 2.1.1 (http://sim-
nibs.de/) for simulating the effects of tDCS and TMS protocols.
This software package has an easy-to-use graphical user
interface (GUI) for setting all stimulation parameters (scalp
location, intensity, etc.) for both NIBS techniques. By using our

custom-written script®, it is also possible to run tDCS simula-
tions for any given montage for all participants at once. The script
will also output data registered to an average surface (’fsaver-
age’) which allows creating group averaged data, as we have
shown previously'®. In addition, researchers have the opportunity
to extract E-field components that are either radial (normal) or
tangential relative to the cortical surface, and have been asso-
ciated with different cellular effects®. At our data repository™
we also provide the manually corrected segmentations for
the different tissue types for those who would like to create
high-quality meshes of their own using open-source software
such as iso2mesh*. Finally, our meshes can be used for
improving the anatomic precision of EEG source localization,
using open-source tools’'.
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Referee Report 15 November 2018

https://doi.org/10.5256/f1000research.18435.r40676

+ YuHuang
City College of New York, New York City, NY, USA

The authors have addressed all my concerns.

Competing Interests: No competing interests were disclosed.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Referee Report 17 September 2018

https://doi.org/10.5256/f1000research.16478.r37428

? Yu Huang
City College of New York, New York City, NY, USA

This is a modeling effort trying to predict how electric field distributes under trascranial electric stimulation
for up to 19 normal and 19 pathological subjects. It is well written and a good contribution to the literature.
The authors are advised to address the following issues before indexing:

1) Only transcranial electric stimulation (TES) is done in this work. There is no simulation on magnetic
stimulation (TMS). So the title of this manuscript should be “non-invasive electric brain stimulation”

2) The authors only discussed there are inter-individual variabilities in E-field distributions, but did not say
anything about how the E-field differs (or is similar) between the healthy subjects and depression
subjects, and why.

3) As shown in Figure 1, the head models are all cut off without the lower part of the head. This will give
significant difference in the E-field distributions compared to a head model that covers the entire head

(Huang and Liu, et al, 2017"). Please discuss this as one limitation of this work.

4) There are results in the Section Methods. So the section name should be “Methods and Results”.
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5) It is unclear that how the IDLPFC region was separated. You only mentioned “...applying automated
atlas-based parcellation of the frontal lobe to delineate the IDLPFC region in each brain”. Please briefly
describe how this was done. Was some atlas registered to each individual brain to extract the region?

6) You said SimNIBS 2.1 was used, but did not mention which function was used for the segmentation. In
SimNIBS 2.1, “headreco” calls SPM12 to segment all the head tissues, and “mri2mesh” uses FreeSurfer
to segment gray and white matter, and FSL to segment non-brain tissues. You said “...SimNIBS 2.1 that
employed FreeSurfer 5.3.0 for brain segmentation (as described in 29) and SPM12 for

segmentation of the remaining tissues (similarly to 30).” This is not clear to me. Did you combine
“headreco” and “mri2mesh”? Also if you used SPM12, there should be a tissue type “air cavities”, but from
Figure 1, this “air cavities” is not there.

7) The thickness of electrodes in your models “1 mm for all electrodes + 2.5 mm sponge pocket/gel
layer for the bipolar and 4x1 montages, respectively” is not clear. Please clarify this sentence.

8) Minor:
® |n “Introduction” section, the first 3 sentences in the first paragraph are general statements but lack
references. Please add.
® |n “Introduction” section, 2"d paragraph, what do you mean by “rotation or type”?
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Measurements and models of electric fields in the in vivo human brain during transcranial electric
stimulation. eLife. 2017; 6. Publisher Full Text

Is the rationale for creating the dataset(s) clearly described?
Yes

Are the protocols appropriate and is the work technically sound?
Yes

Are sufficient details of methods and materials provided to allow replication by others?
Partly

Are the datasets clearly presented in a useable and accessible format?
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Competing Interests: No competing interests were disclosed.

| have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard, however | have significant reservations, as outlined
above.
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Nya Boayue, University of Tromsg, Norway
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We are grateful to Dr. Huang for reviewing our manuscript. Your comments have helped give the
revised version of our manuscript more clarity. We have addressed all the points raised in the new
version of the MS. We have also updated the scripts at our data repository such that they are
compatible with the currently released SimNIBS (version 2.1.1).

1. The title of the new manuscript has been changed based on your suggestion.

2. We chose to keep the focus here on the data since this is a data note. However, we have
added the following to the Dataset validation section. “Accessing group differences
between MDD and healthy subjects was not the primary aim of the current data note,
however, analysis of the spatial distribution of tDCS-induced E-fields in the bilateral DLPFC
and medial prefrontal cortex showed subtle group differences between the healthy and
MDD groups. For detailed discussion of these results and that of Figure 4 we refer the
reader to our accompanying paper
https://www.sciencedirect.com/science/article/pii/S0165032717324746.”

3. Many thanks for this very important point and pointing us to the article. This has now been
addressed in our manuscript as one of the limitations of using our head models in the
creation of head models section . “... an extended head model with field of view covering
the entire head would further increase the predictive accuracy of the head models
https://elifesciences.org/articles/35178”

4. The Methods section has been renamed to “Methods and Results”.

5. Through personal communication with the authors of
https://onlinelibrary.wiley.com/doi/full/10.1002/hbm.22309, we received a script which was
used for the automatic parcellation of the frontal lobe. We have now clarified this aspect: “an
automated atlas-based parcellation of the frontal lobe
https://onlinelibrary.wiley.com/doi/full/10.1002/hbm.22309 was applied to each individual
brain to delineate the IDLPFC.”

6. This is a good point. The reason for the lack of clarity is that we used a custom version of
the software which, at the time, resulted in better results than using the latest released
version. In the meantime, a newer SimNIBS version has been released. We have added the
following detail to the MS to avoid any misunderstandings. “... the process of head model
creation was automated using a custom version of SimNIBS 2.1 that employed FreeSurfer
5.8.0 for brain segmentation (as described in
https://onlinelibrary.wiley.com/doi/full/10.1002/hbm.21479 and implemented in mri2mesh)
and SPM12 for segmentation of the remaining tissues (similarly to
https://www.sciencedirect.com/science/article/pii/S1053811918301800 and implemented in
headreco). This pipeline provides more accurate tissue segmentation relative to other
protocols. It was a custom pipeline developed before the official release of SImNIBS 2.1.
However, using headreco combined with the CAT12 toolbox (included with SimNIBS 2.1.1))
for cortical reconstruction, the same accuracy can be achieved.”As for the lack of “air
cavities” in the Figure 1, we have added the following clarification in the creation of head
models section “... air cavities were modeled by not adding tetrahedra to these locations,
similar to the air surrounding the head.”

7. This sentence has now been clarified. It reads “ 1 mm for all electrodes + a sponge pocket
of 2.5 mm thickness for the bipolar montages and a gel layer of 2.5 mm thickness for the
4x1 montages.”

8. We have now added the required references.

9. We meant “electrode rotation or electrode type”. this has been corrected in the MS.
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Referee Report 18 June 2018

https://doi.org/10.5256/f1000research.16478.r34789

v

llkka Laakso
Department of Electrical Engineering and Automation, Aalto University, Espoo, Finland

Non-invasive brain stimulation techniques are based on generating, either magnetically or electrically,
electric fields that can alter brain neuronal activity. However, the generated electric fields can vary greatly
depending on the individual anatomy of the scalp, skull and brain. This data note presents a collection of
38 individual head models (both healthy and patients) that can be used for characterisation of variability in
the electric fields.

Head models were constructed from T1-weighted MRI using freely available software: FreeSurfer,
SPM12 and SimNIBS. Manual verification and corrections were applied when necessary. The approach is
state of art.

The datasets are provided in the Gmsh format, which can be used directly in modelling software or
converted to multiple other formats using open-source software. Furthermore, raw data, including
FreeSurfer subject data, are included, allowing further processing and adaptation of the data.

Minor comments:

1. In the text and Figures 1 and 2, it is written that the head models are segmented to six tissue types.
Actually, it seems that there are more than six tissue compartments, as cerebellar GM and cerebellar WM
are separate from the cerebral GM and WM. Also, at least some air cavities are segmented (missing from
the caption of figure 2).

2. Brainstem is segmented as cerebellar white/grey matter. It may be helpful to list this as a limitation, for
instance, in "Creation of head models".

3. In the abstract, sentence "... effects of non-invasive brain stimulation ...", and in "Dataset validation",
sentence "The scripts used for automated simulation of tDCS effects for all head models ...".
Electric fields are not "effects".

Is the rationale for creating the dataset(s) clearly described?
Yes

Are the protocols appropriate and is the work technically sound?
Yes

Are sufficient details of methods and materials provided to allow replication by others?
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Yes

Are the datasets clearly presented in a useable and accessible format?
Yes

Competing Interests: No competing interests were disclosed.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Nya Boayue, University of Tromsg, Norway

We would like to thank Dr. Laakso for reviewing our manuscript and for the helpful comments.
These comments have been addressed in the new version of the manuscript. We have also
updated the scripts in our data repository such that they are compatible with the currently released
SimNIBS (version 2.1.1).

1. Thanks for pointing out this issue. We have now added air cavities to the caption of Figure 2.
Concerning the discrepancy between the segmentations and the final head models, we
have now added the following clarification to the creation of head models section “The
initial segmentation included more than 6 tissue compartments (e.g., separate tissue types
for cerebellar gray and white matter; available in the m2m_sub-* folders) but they were later
combined into one of 6 tissue types: skin, skull, CSF, GM, GM and eyeballs in the final head
models for simulation purposes. In addition, air cavities were modeled by not adding
tetrahedra to these locations, similar to the air surrounding the head.”

2. This is an important point. We have now added the following sentence to the creation of
head models section “Additionally, the segmentation of the brainstem is not accurate
because it arbitrarily assigned brain tissue to white and grey matter.

3. We concur with this point. The abstract sentence now reads “... the electric field elicited by
non-invasive brain stimulation ...” The "Dataset validation" sentence which was changed a
bit now reads “ We provide scripts compatible with SimNIBS 2.1.1 for automated simulation
of tDCS-induced electric fields for all head models ...”
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