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Abstract: Transcranial magnetic stimulation (TMS) is a well-established technique for the diagnosis
and treatment of neuropsychiatric diseases. The numerical calculation of the induced electric field
(EF) distribution in the brain increases the efficacy of stimulation and improves clinical outcomes.
However, unique anatomical features, which distinguish each subject, suggest that personalized
models should be preferentially used. The objective of the present study was to assess how anatomy
affects the EF distribution and to determine to what extent personalized models are useful for clinical
studies. The head models of nineteen healthy volunteers were automatically segmented. Two
versions of each head model, a homogeneous and a five-tissue anatomical, were stimulated by the
model of a Hesed coil (H-coil), employing magnetic quasi-static simulations. The H-coil was placed
at two standard stimulating positions per model, over the frontal and central areas. The results show
small, but indisputable, variations in the EFs for the homogeneous and anatomical models. The
interquartile ranges in the anatomical versions were higher compared to the homogeneous ones,
indicating that individual anatomical features may affect the prediction of stimulation volumes. It is
concluded that personalized models provide complementary information and should be preferably
employed in the context of diagnostic and therapeutic TMS studies.

Keywords: TMS; personalized treatment planning; EF modeling; anatomy; deep TMS

1. Introduction
1.1. TMS Principles, Parameters and Applications

Transcranial magnetic stimulation (TMS) is a non-invasive brain stimulation (NIBS)
technique that is widely used as a research, diagnostic, and therapeutic tool in health
and disease [1]. As first demonstrated by Barker and Jalinous [2], almost 40 years ago,
TMS stimulates the human brain by inducing intracranial eddy currents, based on the
phenomenon of electromagnetic induction [3]. Since then, the technique has evolved
to a valuable brain mapping tool [4,5] as well as a useful therapeutic option in a wide
range of neurological and psychiatric disorders [6], including depression [7], obsessive
compulsive disorder (OCD) [8], addictions [9], dementia [10], epilepsy [11], Alzheimer’s
and Parkinson’s diseases, and brain impairment caused by stroke or tumors [12].

TMS is painless and relatively easy to use in the clinical environment. In short,
an electromagnetic coil, placed over the scalp and connected to a magnetic stimulator,
generates a rapidly altering magnetic field, thereby inducing an electric field (EF) in
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brain tissue. The technique is applied either as a single pulse or as a train of multiple
pulses (rTMS—repetitive transcranial magnetic stimulation) that, depending on the exact
paradigm, can either stimulate or inhibit cortical neurons and modulate accordingly their
excitability [12]. The brain’s response to TMS can be detected in various ways but prin-
cipally through electromyographic (TMS-EMG) or electroencephalographic (TMS-EEG)
recordings [13].

The efficacy of TMS interventions is based on multiple parameters that fall into
three main categories, i.e., they are related to the coil, the stimulus, and the brain. The
physical properties of the electromagnetic coil, i.e., its shape and dimensions [14], define
the depth of stimulation and the volume of the stimulated area [3]. Generally, larger
coils are used in order to cover more extensive targets [15], while smaller ones achieve
higher focality [16]. The coil’s exact position over the scalp is particularly relevant for
the outcome of stimulation [17], as the orientation of the coil relative to the underlying
sulcus affects the induced EF distribution [18], with the vertical relative position being
the optimal one, as it is reported that typical targets, such as the motor cortex, are most
sensitive to vertically oriented electric fields. The stimulus characteristics, i.e., its magnitude,
density, and duration, as well as the waveform of the magnetic pulse, also constitute critical
parameters for the method’s efficiency [19], which is additionally affected by the geometry
and electrical properties of the brain tissue [20]. However, due to the complexity of
neurobiological phenomena and the diversity in human brain anatomy, the exact details
of how TMS works remain vague [18]. One complementary approach that may provide
valuable information about the mechanisms underlying TMS effects on the human brain is
computational EF modeling [21,22]. Thus, it is increasingly used to enhance the method’s
diagnostic potential and increase its therapeutic efficiency [23].

1.2. EF Modeling

The induced EF is computed by applying numerical approaches, such as the finite
element method (FEM) or the boundary element method (BEM) [24,25] on either tetrahedral
meshes or voxel grids [26], depending on the specifics of each study. As far as the head
model anatomical complexity is concerned, the EF can be computed in anything in the
range from homogenous spheres [27,28] to high-resolution, anatomically realistic head
models [29]. Personalized models with a few tissues [30], typically consisting of white
matter, grey matter, cerebrospinal fluid (CSF), skull, scalp, and occasionally eyes, have
become a popular choice as they balance anatomical accuracy to computational cost.

1.3. Study Background and Objective

The variability of electric fields among subjects because of their unique anatomical
features has been a matter of interest for researchers working with the modeling of NIBS.
Laakso et al. [31] studied the impact of inter-subject variation in transcranial direct current
stimulation (tDCS) of the motor cortex, showing that CSF thickness and age are significant
factors influencing an individual’s EF distribution. Von Conta et al. [32] investigated the
variability of electric fields induced by transcranial temporal interference stimulation (tTIS)
in the hippocampus, motor area, and thalamus, and emphasized the need for individualized
stimulation montages. Moreover, Lee et al. [33] showed how brain–scalp distance and CSF
thickness influence the focality of a figure-of-eight coil and affect the intensity and spread
of stimulation.

Acknowledging the need for EF modeling in TMS applications, the idea behind the
present study is to further investigate the impact of individual anatomy in the induced EF
distribution in the brain, using a Hesed coil designed for deep TMS (dTMS), a version of
TMS that allows the stimulation of deeper and larger brain structures, and to evaluate the
implementation of personalized treatment planning in a real life TMS study.

The anatomy of a patient may affect the EF distribution in two distinguishable ways,
i.e., through anthropomorphic features of the head (e.g., its size and shape) and due to the
tissue distribution inside the head. The contribution of these factors can be disentangled
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only for coils that are not intended for focused stimulation, but rather have an impact on
larger volumes of tissues, hence the choice of the Hesed coil in this study.

2. Materials and Methods
2.1. Head Models

To explore how brain anatomy affects the induced EF distribution during TMS, nine-
teen healthy volunteers provided informed consent for the procedure, which was approved
by an institutional review board and performed in accordance with the ethical standards set
in the 1964 Declaration of Helsinki, and offered their anonymized medical data in order to
be segmented as anatomical and homogeneous head models. The sample included twelve
female (median age: 28, mean age: 29.8) and seven male adults (median age: 31, mean age:
33.3), with their ages ranging from 20 to 48 years (total median age: 30, total mean age: 31.1).
Their T1-weighted (TR: 7.4, TE:3.4) magnetic resonance images (MRI) were automatically
segmented [34] into three-dimensional anatomical head models by the headreco tool of the
SimNIBS software package (SimNIBS Developers. SimNIBS 3.2.4). After the segmentation,
all models, which consisted of scalp, bone, CSF, grey matter, white matter, and ventricles,
were visually inspected and manually modified through the iSeg toolkit (ZMT Zurich
MedTech & IT’IS foundation. iSeg, Zürich, Switzerland), when needed.

2.2. Coil Model and Positioning

To achieve deeper stimulation and avoid possible focality issues that might arise from
orientation differences, the H7 electromagnetic coil, designed by BrainsWay (BrainsWay
Ltd., Jerusalem, Israel) for dTMS applications, was selected for the present study. The H7
coil, which was recently cleared by the FDA for the treatment of obsessive-compulsive
disorder following a large DBPC multicenter trial [8], consists of two symmetric sets of
spirals and belongs to the family of Hesed coils (H-coils) [35]. These coils are specifically
designed for dTMS [15], hence they induce electric fields capable of reaching targets located
significantly below the brain surface [36]. The coil was placed at two standard stimulation
positions on each head model, (i) above the prefrontal (PFC) cortex, and (ii) over the central
sulcus, while the wing angle was manually adjusted to be conformal to the head (Figure 1).
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Figure 1. Coil positioning on the head model. The H7 coil, seen from different angles, is placed at
frontal (a1,a2) and central (b1,b2) positions.

2.3. Simulation Specifics

Two versions of each head model, a homogeneous and a standard five-tissue anatom-
ical, were stimulated by the model of H7 coil, in the Sim4Life (S4L) environment (ZMT
Zurich MedTech. Sim4Life), employing the platform’s magnetic quasi-static solver. For the
anatomical version, the tissues were assigned standard electrical conductivity values, com-
monly used for TMS simulations, i.e., 0.126 S/m for white matter, 0.275 S/m for grey matter,
1.654 S/m for CSF and ventricles, 0.01 S/m for bone and 0.465 S/m for scalp [19]. For the
homogeneous version, all compartments were assigned to the electrical conductivity of
saline, which was assumed to be 1 S/m [37]. The current flowing in the coil was assumed to
have an amplitude of 3.18 kA, corresponding to 54% of a maximal stimulator output (MSO),
assuming a BrainsWay stimulator with maximal output of 1.7 kV (BrainsWay, Israel), and a
frequency of 3.5 kHz, which belongs in the typical range of fundamental frequencies for
pulses employed in TMS applications [16,25,38].

2.4. Post Processing

To investigate the differences of induced EFs due to anatomical variations, the sim-
ulation results were analyzed through custom scripts in MATLAB (The MathWorks, Inc.,
Natick, MA, USA, MATLAB R2019a), at a two-step post-process. As a first step, the brain
distributions were visually inspected and the anatomical and homogeneous versions of the
models were compared, in terms of averaged metrics. Then, the individual distributions
were quantitively defined across models, in terms of stimulation intensity and spread,
while their potential correlation with anatomical characteristics was also evaluated.

3. Results
3.1. Stimulation Metrics

Multiple metrics were calculated to compare the stimulation across the participants,
the maximal (Emax) and median (Emedian) value of the EF and the distribution’s interquartile
range (IQR). The 99.9th percentile of each brain distribution, including grey and white
matter, was considered as Emax to avoid numerical artefacts, while all EF values higher
than Emax were considered equal to the maximum.

Additionally, the total volume of voxels, where the EF was higher than 100 V/m,
which is considered as the neuron excitation threshold [39], was defined as stimulated
volume (Vst). The volume for which the EF had an amplitude higher than half of Emax was
defined as the half-value volume (V1/2) and was calculated separately for white and grey
matter, to better describe the spatial distribution of the EF in the brain.
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3.2. Visualization

A simple visualization of the computed EF on the brain suffices to show the in-
terindividual differences of the induced distributions, resulting from anatomical variations
(Figure 2). Natural space coordinates were selected to highlight the morphology diversity
that clinicians encounter during a TMS session. The distinctive characteristics of partic-
ipants, such as the shape and size of their head, or even the head pose during the TMS
session, have the potential to change the coil fitting and alter the stimulation’s outcome, in-
fluencing both the stimulated area and the magnitude of stimulation. This study focuses on
parameters that can be measured and attempts to associate the stimulation characteristics
with four of them, including age and total volumes of head, CSF (excluding the ventricles)
and brain. Furthermore, homogeneous models are not affected by the electrical conduc-
tivity distribution, which is present only in anatomical models, carrying the information
of tissue distribution. Therefore, the variation of the EF in homogeneous models reflects
mainly the effects of head shape and size, whereas the variation of the EF in anatomical
models incorporates the effect of individual tissue anatomy.
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Figure 2. Interindividual variability of the induced EF distributions visualized in subject brains,
containing both grey and white matter, when the H-coil is placed at the central position. Head and
brain anatomy affect the area and magnitude of stimulation. Brain coordinates are plotted on their
natural space.

Figure 2 provides an indicative visual description of the variations in TMS-induced EFs
for anatomical models and central coil positioning. Corresponding figures for homogeneous
models and frontal coil positioning can be found in Appendix A. Complementary to EF
visualization, Figures 3 and 4 show the EF distributions in individual brains as violin
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plots and IQRs, providing a comparison across models and between their anatomical and
homogeneous versions, for the two coil positions.
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As graphically expressed in Figure 3, the inter-subject distributions vary distinctly
for both coil positions, regardless of the model’s composition. Even for the homogeneous
versions, the individual morphology is enough to create differences in the induced EFs
among subjects, a fact that verifies the necessity of implementing personalized head models
in TMS applications.

Figure 4 depicts the differences of EF between anatomical and homogeneous models,
focusing on the interquartile ranges of the corresponding EF distributions. Although IQRs
seem to follow the same pattern for both versions, suggesting the contribution of unique
physical characteristics, the quartiles are consistently higher for the anatomical models
than for the homogeneous ones, indicating that anatomy, in terms of distinctive electrical
conductivity tissues, may affect the prediction of stimulation volume. Comparison of
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the EF distributions between anatomical and homogeneous models, using the Wilcoxon
matched-pairs test (selected after failure of the Kolmogorov–Smirnov normality test) for
IQRs and quartiles, found statistically significant differences (p-value < 0.05) between the
two groups for both coil positions.

3.3. Numeric Values of Metrics

Besides the qualitative analysis, results were also compared quantitively. Table 1 sum-
marizes the Emax, Emedian, Vst and V1/2 metrics per model for the four simulated scenarios,
as well as their mean and standard deviation (std) over the sample. As foreseen, after the
visual comparison of the EF distributions, all three metrics showed higher values for the
anatomical version of models than their corresponding homogeneous ones. Specifically,
the EFs of anatomical models, which were stimulated by H7 on the frontal position, have
maximal intensities with a mean of 190.5 ± 12.3 V/m, compared to 134.9 ± 8.9 V/m of
their homogeneous equivalents, median values with a mean of 26.7 ± 3.2 V/m compared
to 22.6 ± 2.7 V/m, and stimulated volumes of 48.1 + 10.7 cm3 compared to 24.8 ± 7.9 cm3.
Similarly, the distributions of anatomical models, stimulated by H7 placed on the cen-
tral position, show maximal and median with mean values of 183.9 ± 14.3 V/m and
32.9 ± 3.7 V/m, respectively, compared to 130.6 ± 5.5 V/m and 27.7 ± 3.1 V/m of the
homogeneous ones, while the stimulated volumes correspond to 53.4 ± 11.6 cm3 for the
former and 20.8± 6.6 cm3 for the latter. Contrarily to the stimulated volumes, the half-value
volumes, in both cerebral tissues, were higher in the homogeneous models.

Table 1. Statistics of stimulation metrics per investigated scenario. (F/A: frontal coil position on
anatomical models, F/H: frontal coil position on homogeneous models, C/A: central coil position on
anatomical models, C/H: central coil position on homogeneous models).

Metric
Mean Std

F/A F/H C/A C/H F/A F/H C/A C/H

Emax (V/m) 190.5 134.9 183.9 130.6 12.3 8.9 14.3 5.5
Emedian (V/m) 26.7 22.6 32.9 27.7 3.2 2.7 3.7 3.1

Vst (cm3) 48.1 24.8 53.4 20.8 10.7 7.9 11.6 6.6
V1/2 in white matter (cm3) 32.2 42.3 44.0 49.7 4.8 8.2 7.8 8.1
V1/2 in grey matter (cm3) 24.9 61.6 28.7 71.3 4.5 10.1 5.9 11.1

3.4. Correlation Tests

The selected metrics of stimulation were then tested for correlation with three anatom-
ical parameters, i.e., the total volume of brain, CSF, and head, and the age of models. Most
findings were not statistically significant for all scenarios (p-value > 0.05). However, the
median and other quartile values of EF distribution presented high negative correlation to
the brain and head volumes, while the stimulated volumes presented moderate negative
correlation to age (Figures 5–7).

Figure 5 displays the negative correlation between the EF median and brain volume,
suggesting that stronger EFs are induced in smaller brains. The correlation was statistically
significant (p-value < 0.05) for anatomical and homogeneous model samples in both coil
positions and the Spearman correlation coefficient (r) varied from −0.61 to −0.70 (degrees
of freedom: 17).

As shown in Figure 6, the negative correlation between median value and head volume
was even stronger, with r ≤ −0.78 and p-value ≤ 0.0001 for every scenario. Additionally,
similar results for the EF quartiles (Q1, Q3) support the assumption that head and brain
sizes are critical anatomical parameters for the efficacy of TMS, since higher field intensities
are induced in smaller volumes. (Figures regarding the quartiles’ correlation analysis are
included in Appendix A).

Figure 7 provides evidence that stimulated volume might be associated with age, with
Spearman correlation coefficient values ranging from −0.55 to −0.75 and corresponding
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p-values < 0.02 (df = 17). However, despite that the correlation with age was statistically
significant between the actual size of stimulated volume (in cm3), the normalized stimulated
volume test with age resulted in lower correlation coefficients, ranging from−0.38 to−0.62,
and less significant p-values ranging from 0.04 to 0.11. Normalized stimulated volumes
were calculated as the ratio of stimulated volume over the total brain or head volume.
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homogeneous models; (c) central coil position on anatomical models; (d) central coil position on
homogeneous models.
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Figure 7. Stimulated volume showed statistically significant negative correlation to age for each
investigated scenario; (a) frontal coil position on anatomical models; (b) frontal coil position on
homogeneous models; (c) central coil position on anatomical models; (d) central coil position on
homogeneous models.

4. Discussion
4.1. Summary and Objective

Along with other NIBS techniques, TMS is an established and popular clinical tool for the
diagnosis and treatment of various neuropsychiatric conditions [12,15]. However, the exact
mechanism underlying magnetic stimulation of the human brain is still unknown [20,23]. The
distribution of the EF induced by TMS is a parameter critically affecting the efficacy of the
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method [40]. Accordingly, EF modeling through numerical calculations is being increasingly
used as a method complementary to the clinical application, primarily for the validation of
clinical studies or the performance of in silico studies. The objective of the present study was
to assess how brain anatomy affects the EF distribution in the brain and to determine to what
extent personalized models may improve the outcomes of clinical TMS.

4.2. Method Description

Computational anatomical head models of nineteen adults and their homogeneous
twins were created. The elimination of diverse tissue electrical conductivities can show
how individual morphological characteristics, such as head shape and size, may affect the
induced EF distribution. The models were stimulated by an H7 dTMS coil [8], which has
an extensive stimulation volume. Thus, small orientation modifications of this coil are not
expected to affect the stimulation outcome, as in the case of a figure-of-eight coil [18,33].

4.3. Results Synopsis and Interpretation

Due to the unique morphology of the human brain, the interindividual comparison
of distributions is a challenging task. To overcome this challenge, the induced EFs were
analyzed at multiple levels. At first, they were visualized over the individual brains,
to identify the qualitative range of anatomical variability. Then the distributions were
compared across subjects, in terms of stimulation metrics (Emax, Emedian, Vst, V1/2), and
between groups (anatomical and homogeneous versions for the same coil position), in
terms of IQRs and averaged metrics. It was found that, at a level of p < 0.05, the IQRs for
the anatomical models are larger than the ones of the corresponding homogeneous models,
indicating that the anatomical distribution of electrical conductivity (resulting from tissue
distribution) enhances inter-subject variation of the induced EFs.

Colella et al. [41] used two anatomical models in their calculations and claimed a
difference of 11% between the 99th percentiles of EF distributions, which they attributed to
individual anatomy. In the current study, using the same approach for the 99.9th percentile,
the variation ranges between 14% and 23%, depending on the location of the coil and
the head model type. In another study [20], the inter-subject variation was estimated at
38% based on the maximum EF. Therefore, it is preferable for the impact of individual
anatomy on the EF distribution to be determined by the statistical comparison of IQRs,
which express the variability of the EF distribution in subjects, instead of a comparison of
single points from the EF statistical distribution.

Finally, the stimulation metrics were tested for linear correlation with distinctive
anatomical parameters, including brain, head and CSF volumes, and age. It should be
noted that a parameter was considered as a predictor variable only in the case a statistically
significant correlation (p < 0.05) was found with a simulation metric (response variable) for
all investigated scenarios (two coil positions × two head models). The correlation analysis
indicated a significant negative correlation between the distribution’s characteristics (me-
dian and quartiles) and brain/head volumes, suggesting that higher EFs are induced in
smaller brains and heads. In addition, our results showed a moderate negative correlation
between stimulated volume and age. However, the correlation of these two variables seems
irrelevant to brain volume, since there was no equivalent correlation between normalized
stimulated volume and age, implying a more complex mechanism for their association.
Interestingly, no correlation was found for the maximal EF metric or the CSF volume param-
eter, raising the issue of whether the former should be defined as a different percentile of the
distribution or whether the latter should be replaced by a CSF thickness parameter [33,42].
Both issues remain to be addressed in potential future studies.

4.4. Possible Clinical Applications

The conducted analysis indicates that the unique physical characteristics and the
individual anatomy of a model undeniably differentiates the induced EF distribution
among subjects. To highlight those differences, two high-resolution models of the well-
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established virtual population (ViP) family [29,43], were used for comparison: Duke, a
35-year-old male, and Ella, a 26-year-old female. When placed at the frontal position,
the H7 coil stimulated 12.0% of Duke’s frontal lobe, compared to 9.4% of a male subject
with similar age and weight (Vol06), and 15.9% of a younger male subject (Vol18). At the
same stimulation position for female models, the volume, where EF had an amplitude
higher than 100 V/m, was 7.2% of Ella’s frontal lobe, compared to 14.7% for subject Vol05,
a model of similar age and weight, and 20.3% for an older model (Vol19). A detailed
analysis of regional stimulation volume parameters on the frontal lobe of anatomical and
homogeneous models can be found in Appendix B. It is clear from the above that specific
anatomical geometries, even widely used in the literature computational models, can only
provide rough information about a clinical TMS application. It is preferable to engage
personalized computational models, in order to correctly interpret biological responses and
clinical outcomes.

5. Conclusions

Electric field distributions induced by TMS applications show small, but indisputable,
variations across individual brains. FEM simulations on nineteen anatomical head models
and their homogeneous duplicated ones, suggest a negative correlation among the distri-
butions’ quartiles and the sizes of the brain and head, as well as between the stimulated
volume and age. In addition, the comparison of EF distributions for the homogeneous
and anatomical versions of the head models reveals that the maximum distributions of the
latter were higher than for the former, indicating that anatomy may affect the prediction of
stimulation volumes.
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Figure A3. Interindividual variability of the induced EF distributions visualized on subjects’ homo-
geneous brains, containing both grey and white matter, when the coil is placed at central position.
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Figure A6. EF upper quartile showed strong, and statistically significant negative, correlation to
brain volume for every coil position/model version scenario; (a) frontal coil position on anatomical
models; (b) frontal coil position on homogeneous models; (c) central coil position on anatomical
models; (d) central coil position on homogeneous models.
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Appendix B

Table A1. Stimulation metrics (Emax, Emedian, and Vst) on the frontal lobe and model parameters
(frontal lobe volume, age, mass) of the anatomical male models and the Duke ViP model.

Model Emax
(V/m)

Emedian
(V/m) Vst (cm3)

Vfrontal
(cm3)

Age
(years) Mass (kg)

Vol01 191.5 52.1 35.2 287.7 43 80
Vol04 171.1 44.1 32.2 345.9 44 85
Vol06 181.3 43.9 27.7 294.6 35 78
Vol08 187.2 47.3 47.6 423.1 20 88
Vol14 192.1 46.0 37.2 333.6 31 100
Vol17 193.2 47.8 40.4 293.2 30 70
Vol18 194.9 53.3 55.6 350.7 30 65

Duke 169.3 52.1 38.3 319.6 35 70.2
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Table A2. Stimulation metrics (Emax, Emedian, and Vst) on the frontal lobe and model parameters
(frontal lobe volume, age, mass) of the anatomical female models and the Ella ViP model.

Model Emax
(V/m)

Emedian
(V/m) Vst (cm3)

Vfrontal
(cm3)

Age
(years) Mass (kg)

Vol02 200.9 50.3 46.5 306.4 29 53
Vol03 192.5 46.4 43.9 339.8 25 70
Vol05 187.0 56.1 49.8 339.6 26 60
Vol07 171.0 50.0 29.6 269.3 48 75
Vol09 168.4 49.9 31.9 294.0 35 90
Vol10 211.6 59.4 45.0 244.6 21 55
Vol11 202.0 56.3 45.9 270.7 22 55
Vol12 199.9 50.3 46.5 318.9 27 60
Vol13 189.1 50.4 40.8 296.7 26 50
Vol15 192.2 49.2 36.6 283.3 34 55
Vol16 181.4 46.6 32.7 335.1 32 65
Vol19 212.0 58.6 48.6 239.5 33 50

Ella 175.4 46.9 23.7 330.9 26 57.3

Table A3. Stimulation metrics (Emax, Emedian, and Vst) on the frontal lobe and model parameters
(frontal lobe volume, age, mass) of the homogeneous male models and the homogeneous version of
the Duke ViP model.

Model Emax
(V/m)

Emedian
(V/m) Vst (cm3)

Vfrontal
(cm3)

Age
(years) Mass (kg)

Vol01 132.5 46.3 21.1 287.7 43 80
Vol04 125.6 41.9 16.2 345.9 44 85
Vol06 126.0 42.9 15.1 294.6 35 78
Vol08 143.6 46.0 33.4 423.1 20 88
Vol14 128.7 42.9 20.4 333.6 31 100
Vol17 134.9 45.7 22.7 293.2 30 70
Vol18 140.8 50.8 40.7 350.7 30 65

Duke 122.6 49.8 22.5 319.6 35 70.2

Table A4. Stimulation metrics (Emax, Emedian, and Vst) on the frontal lobe and model parameters
(frontal lobe volume, age, mass) of the homogeneous female models and the homogeneous version of
the Ella ViP model.

Model Emax
(V/m)

Emedian
(V/m) Vst (cm3)

Vfrontal
(cm3)

Age
(years) Mass (kg)

Vol02 150.6 47.0 29.7 306.4 29 53
Vol03 138.0 45.3 22.0 339.8 25 70
Vol05 134.8 55.3 32.3 339.6 26 60
Vol07 118.6 46.9 13.8 269.3 48 75
Vol09 130.0 43.8 16.7 294.0 35 90
Vol10 140.5 52.8 28.0 244.6 21 55
Vol11 152.6 55.5 37.4 270.7 22 55
Vol12 136.8 47.6 29.2 318.9 27 60
Vol13 133.3 48.9 24.7 296.7 26 50
Vol15 120.8 48.1 16.7 283.3 34 55
Vol16 135.7 45.6 20.0 335.1 32 65
Vol19 139.1 57.5 28.0 239.5 33 50

Ella 142.5 50.9 31.0 330.9 26 57.3
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