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Abstract

Background: Stroke is one of the leading causes of disability globally and is often related to poor
functional recovery and a high risk of falling. These outcomes correlate closely with an impaired
perception of visual verticality (VV), a frequent condition referred to as visual graviceptive neglect (V-
GN). Our prior findings indicate that post-stroke VV is most frequently rotated away from the lesioned
hemisphere in the roll plane. Furthermore, we demonstrated that a focal transcranial direct current
stimulation (tDCS) montage (known as high-definition tDCS; HD-tDCS) can induce a remarkable and
sustained rotation away from the stimulated hemisphere when positioned over the temporo-parietal
junction (TPJ), a key integrative cortical hub for VV. Therefore, we hypothesize that stimulating the
contralesional TPJ in sub-acute stroke individuals will correct their V-GN. Methods: This phase lla,
randomised, double-blind, sham-controlled clinical trial aims to determine whether HD-tDCS can safely
correct V-GN in individuals who have experienced a stroke affecting either hemisphere. Ancillary aims
are to investigate whether HD-tDCS influences ocular torsion; explore neuroanatomical characteristics
related to V-GN; investigate the relationship between EEG functional connectivity and V-GN; and
determine the cerebrovascular reactivity effects of HD-tDCS. A total of 28 individuals diagnosed with
acute or early sub-acute unihemispheric ischemic stroke (50% with right hemisphere lesions) will be
randomized to receive six 20-minute sessions (conducted within 2 days) of either 2mA cathode-centre
HD-tDCS or sham stimulation over the contralesional TPJ. VV will be assessed using the bucket
method. The primary outcome is the change in VV from baseline to immediately after the intervention
protocol, while the secondary outcome is VV assessed at 1 month post-intervention. Fundus
photography (ocular torsion), vascular reactivity using transcranial Doppler, and resting state EEG
(functional connectivity) will be assessed at the same time-points as VV. Structural and resting state
functional MRI will be performed 2-15 days after stroke onset. Fractional anisotropy within the V-GN
network regions-of-interest (ROls) and transcallosal TPJ tract will be correlated with baseline VV and
V-GN response to intervention. Discussion: This trial has the potential for a significant public health
impact by providing foundational clinical and physiological evidence to develop future clinical

interventions for V-GN.
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Trial registration: ClinicalTrials.gov NCT06747676. Registered on 12 December 2024. Version 2.

Introduction

Stroke is the third leading cause of disability globally, and evidence-based rehabilitation
interventions to improve the burden of stroke remain limited [1—4]. One critical symptom after stroke for
which there is no established treatment is graviceptive neglect (GN), the abnormal verticality perception
observed after brain lesions in either hemisphere that can manifest across visual, haptic, and postural
perceptual modalities [5-8]. This condition may present with or without its severe behavioural

manifestation, lateropulsion [9].

Visual GN (V-GN) is the incapacity to visually judge the orientation of the body or environment
without external reference cues [10-15]. Without visual input, haptic GN (H-GN) refers to the inability
to manually position an object (such as a stick or rod) in a vertical orientation, whereas postural GN (P-
GN) is defined as the incapacity to correctly perceive the upright orientation of one’s own body [16,17].
In general, the error in the verticality perception is tilted to the contralesional side after supratentorial
lesions [5,18-20]. Due to lack of awareness, individuals with GN typically do not report an abnormal

sense of upright, which may remain undetected unless appropriately assessed [21].

Descriptions of GN frequency vary across studies, and V-GN is the best-studied verticality-
perception modality. After recent cerebral hemispheric strokes, Yelnik et al. [5] observed V-GN in 57%
of individuals (65% right lesions; 50% left lesions), while 89 to 94% of individuals with brainstem lesions

were reported by Dieterich and Brandt [22,23].

Individuals with GN tend to align their bodies with their perceived vertical reference, leading to
postural imbalance and loss of autonomy, with increased risk of falls [8,24]. It is worth noting that
postural balance relies on multimodal integrative neurological functions [7,18]. Robust evidence

suggests that GN can have a major impact on global functionality measured using the modified Rankin
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Scale and Functional Independence Measure [8,25]. As well, GN has been characterized as a strong
independent factor for balance recovery after stroke [7,8,25]. Most recently, lateropulsion was
characterised as the primary cause of balance and gait disorders at the subacute stage after stroke
[26]. Yet to date, there are no effective methods to therapeutically improve this prevalent disorder, as

no Phase Il pivotal trials have yet confirmed the efficacy of potential treatments [9].

Transcranial direct current stimulation (tDCS) is a non-invasive brain stimulation (NIBS) strategy
that involves weak electrical current delivered via scalp-surface electrodes and modulates the neuronal
firing rate (without overt synaptic activity) [27,28]. Typically, tDCS induces an increase in excitability
under the anode electrode and a decrease under the cathode electrode [29]. The neuromodulatory
effects of NIBS can be observed following direct targeted stimulation by local effects or distant areas of

its neural network, with or without direct axonal projections [30,31].

NIBS has been extensively used in experimental neurology to induce a transient disruption of a
function (“virtual lesion”) in healthy subjects mimicking clinical symptoms in several neurological
domains [31-37]. Consequently, if a brain area is related to one behaviour, specific NIBS targeting
involved areas can result in a transient influence on the performance of that behaviour. Moreover, the
“Interhemispheric Rivalry Model” proposes that excitatory and inhibitory NIBS protocols can be applied

to restore interhemispheric excitability imbalance after brain lesions [38,39].

In stroke individuals, the severity and functional recovery of spatial perception disorder (spatial
neglect, SN) were reported to be directly related to the interhemispheric (transcallosal) excitability
imbalance [40]. Yet, the variability of lesions and their respective neuroplastic adaptive mechanisms

after brain damage requires predictive algorithms to develop patient-centred therapeutic strategies.

We followed the model used to develop NIBS SN treatment, based on the “Interhemispheric
Rivalry Model” that progressed from the induction of a “virtual-lesion” after a single session leading to
reversible effects in healthy subjects [39-43], subsequent testing a single-session protocol in
participants after stroke [44], and later develop a treatment using an exposure of multiple NIBS sessions
that resulted in longer-lasting clinical effects [45]. Similar to the response described in individuals with
SN after stroke, either an excitatory NIBS protocol over the lesioned hemisphere or an inhibitory NIBS

targeting the contralesional hemisphere could plausibly be effective to treat GN after stroke [17,46-52].
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The choice of an inhibitory protocol on the contralesional side would be considered safer for individuals

in the post-stroke acute and early subacute phases and more effective for targeting the intact cortex.

The temporoparietal junction (TPJ) is a rational target region in post-stroke GN, as it is a critical
hub for multisensory integration and processing [53]. Essential for verticality perception and postural
control [54-56], the TPJ typically exhibits right-hemisphere dominance [15,57-59]. Targeting the TPJ,
we recently demonstrated that a single session of conventional tDCS could manipulate visual verticality
perception [60] of healthy participants and postural control [61] of post-stroke participants in a polarity-
dependent manner during and after conventional tDCS over TPJ bilaterally (bipolar-balanced montage)
[62]. An alternative approach involves high-definition tDCS (HD-tDCS), which employs small-diameter
gel electrodes in a concentrated configuration to achieve a more focused stimulation field [63]. This
technique holds significant promise for neurorehabilitation because it can elicit more pronounced and

longer-lasting changes in cortical excitability compared to conventional tDCS [64,65].

Through sham-controlled studies, we advanced our investigation by using HD-tDCS over the TPJ,
sparing the vestibular receptors to induce a top-down influence and a high-level process of modulation
[66]. Our HD-tDCS protocol demonstrated good safety and tolerability, alongside significant behavioural
and physiological effects [66]. More recently, we reported the consistent induction of transient, clinically
significant V-GN with large effect sizes in healthy adults following 20 minutes of stimulation to either the

right or left hemisphere [67].

Consequently, the current study builds upon these foundations. This phase lla randomised,
double-blind, controlled clinical trial primarily aims to demonstrate the preliminary efficacy of HD-tDCS
in treating V-GN and to refine the parameters necessary for a definitive phase Il trial. Furthermore, we
seek to confirm the safety and tolerability of this HD-tDCS application specifically within a post-stroke

population.

Visual verticality perception arises from the multisensory integration and processing of information
from the eyes, head, body, and environment [68—71]. The brain interprets retinal images and integrates
them with other sensory information to maintain accurate upright perception [72,73]. Consequently, V-
GN can be influenced by ocular torsion, frequently presenting alongside ocular torsion deviations

following subcortical brain lesions [74]. However, it remains unclear whether cortical areas can also
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modulate ocular torsion [75]. Therefore, an ancillary aim of this clinical trial is to investigate whether

HD-tDCS influences ocular torsion in stroke survivors with V-GN.

As part of a biomarker investigation, we will explore neuroanatomical characteristics to establish
relationships among V-GN severity, the extent of TPJ damage, and, more broadly, the putative V-GN
Network (V-GNnet) [23,76,77]. Our study will also evaluate the intervention response relative to the
transcallosal TPJ tract. Since this addresses a longstanding gap in the literature, the theoretical
framework for the transcallosal tract draws on recent evidence on spatial perception and other brain
functions in healthy and post-stroke participants. These findings implicate transcallosal integrity as a
relevant predictor, supporting that interhemispheric dynamics underlie the response to neuromodulation

[78-82].

Furthermore, the application of HD-tDCS has the potential to induce plastic changes in both the
directly stimulated regions and the interconnected neural networks. Such effects may restore functional
connectivity, re-establish disrupted pathways, and ultimately foster new connections that support the
recovery of impaired functional networks [83,84]. In post-stroke individuals, specific resting-state EEG
(rsEEG) features could facilitate the diagnosis and evaluation of V-GN, enabling topographic mapping
of the target cortical areas. Quantitatively, rsEEG analysis provides an objective estimation of the
modulated cortical territory and the pathways likely affected. Additionally, post-stimulation rsEEG
recordings will enable the assessment of HD-tDCS outcomes by comparing pre- and post-intervention
connectivity through dynamic network analysis. Consequently, as an exploratory objective, this study
will investigate the associations between EEG functional connectivity, baseline V-GN, and the

subsequent response to neuromodulation.

HD-tDCS may influence the cerebrovascular system through a direct effect of the electric current
on the brain’s blood vessels and an indirect effect, which occurs when the modulated neuronal activity
changes the cerebral blood flow via neurovascular coupling [85,86]. Under the same HD-tDCS montage
of our behavioural clinical trials, we found no evidence of change in middle cerebral artery blood flow
velocity (MCA-BFv), ipsi or contralateral to the 2-minute HD-tDCS protocol. These results suggest that
HD-tDCS-induced behavioural effects may be independent of a vascular response leading to gross

regional blood flow change and support the safety of our protocol [87]. However, the need for further
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exploration is acknowledged, given that the potential vascular response to brain electric fields might
fluctuate over time and that effects of longer-duration stimulation, such as that used therapeutically,
might differ. The available literature is limited, and no study has analysed the effects of HD-tDCS over
the TPJ on cerebral blood flow post-stroke to date. Thus, we will determine the bilateral cerebrovascular
reactivity effects of HD-tDCS for 20 minutes, using transcranial Doppler Ultrasound in post-stroke

individuals.

Study objectives

The primary aim of this study is to analyse the effects of HD-tDCS on V-GN in individuals after
sub-acute stroke. We hypothesize that active cathode HD-tDCS will reduce V-GN compared to sham
stimulation, with verticality correction shifting away from the targeted hemisphere. As secondary
analyses, we plan to explore the effects of HD-tDCS on ocular torsion after sub-acute stroke; determine
whether the structural integrity of V-GNnet and transcallosal TPJ tract, and V-GNnet rs-fMRI functional
connectivity predicts response to HD-tDCS; explore how baseline interhemispheric rsEEG functional
connectivity relates to response to HD-tDCS; and assess the effects of HD-tDCS on bilateral vascular

reactivity in individuals with subacute stroke.

Methods

Ethics

The study protocol was approved by the Institutional Review Board of our institution (CAAE:
74877723.4.0000.5440) and will follow Standard Protocol ltems Recommendations for Interventional
Trials (SPIRIT) guidelines for nonpharmacologic trials. All participants will provide written informed

consent. This study was registered on http://www.clinicaltrials.gov (NCT number, NCT06747676).

Protocol design

This is a phase lla randomised double-blinded controlled clinical trial with a parallel design and
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two arms. The overall data collection structure is shown in Figure 1.
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Figure 1. Timeline and overall structure of data collection.

Participants

The study will include 28 individuals following acute or early sub-acute unihemispheric ischemic
stroke (14 subjects per arm; 50% with right hemisphere lesions in each group). Table 1 summarizes
the expected sociodemographic characteristics of the study population. Post-stroke individuals will be
screened upon hospital admission, and systematic screening will follow our established Visual Vertical
Stroke Registry protocol. On a daily basis, the research assistant will review medical records of all
admitted individuals against the following inclusion criteria: adults aged 18-80 years; ischemic stroke
(excluding cerebellar and brainstem lesions) confirmed by neuroimaging and clinical assessment;
individuals with previous stroke are eligible if the modified Rankin score is less than 1 and symptoms
are unrelated to vestibular or postural control deficits; clinically stable (stable vital parameters for 224
hours; no chest pain in the previous 24 hours; no significant arrhythmia; no evidence of deep vein
thrombosis); normal or corrected-to-normal vision; naive to and blinded regarding the HD-tDCS
intervention and study objectives; able to provide informed consent (participant or legal representative);

and able to comply with the intervention and evaluation schedule.



The study will employ the following exclusion criteria: migraine; pregnancy; cardiac pacemaker
or other metal implants; history of seizures; claustrophobia or inability to undergo MRI; other
neurological disorders; psychiatric disorders; sensitive scalp or previous brain surgery; previous
experience with HD-tDCS; and uncontrolled medical conditions (e.g., end-stage cancer or renal

disease).

Participants meeting inclusion and exclusion criteria will be further assessed for the following
non-inclusion criteria: left or mixed-handedness (determined by Edinburgh Handedness Inventory);
peripheral vestibular deficits identified on neurotological examination (oculomotor tests, head shake

test, head thrust test, Dix-Hallpike test, Pagnini-McClure test); previous musculoskeletal disorders

10

11

12

affecting postural alignment and balance (e.g., moderate-to-severe scoliosis, torticollis); global or

Wernicke's aphasia; and absence of V-GN.

Table 1. Expected sociodemographic characteristics of the study population.

Non-clinical participant characteristics

Characteristic The population expect to be included

Age Adults aged 18 to 80 years. In line with the age distribution of stroke, more
than 50% of the sample is expected to be aged over 50 years [88,89] .

Sex Individuals of both sexes — female and male.

Gender Women and men, including transgender individuals, as there is evidence of
increased stroke risk in this group [90] .

Race, ethnicity Recruitment will aim to reflect the ethnic diversity of the local community,

and ancestry matching the composition of the geographical area studied.

Socioeconomic The trial will aim for broad participation across the full socioeconomic

status spectrum, from the least to the most deprived groups.
Geographic Participants will be recruited from acute care hospitals, including inpatients,
location and the trial will aim to include residents of both urban and rural areas.
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Clinical characterisation of participants

The clinical characterisation of the enrolled participants will comprise the following instruments:
National Institutes of Health Stroke Scale (NIHSS); Functional Independence Measure (FIM);

Behavioural Inattention Test (BIT); Burke Lateropulsion Scale (BLS) and Scale for Contraversive



1

2

3

O OoNO ULV B

10

11

12

13

14

Pushing (SCP); Edinburgh Handedness Inventory. Figure 2 presents the participants' timeline
according to the SPIRIT guidelines, detailing the schedule of enrolment, interventions, and

assessments.

TRIAL PERIOD

Enrolment Post-randomization Close-out
TIMEPOINT | -tito 0 0 t1 t2 t3 (7] ts
ENROLLMENT:

Eligibility assessment X

Informed consent X

Non-inclusion assessment X

Baseline assessment X

Randomization X

INTERVENTIONS:

Active HD-tDCS >

Sham HD-tDCS >

ASSESSMENTS:

Post-intervention assessment X

Follow-up assessment X

MRI acquisition*

3
v

Safety X X

Figure 2. SPIRIT figure. Participants' timeline: schedule of enrolment, interventions, and
assessments. HD-tDCS, high-definition transcranial direct current stimulation. MRI, magnetic
resonance imaging. t1 and t2: six sessions of HD-tDCS delivered over two days; t3: 2 to 24 hours
after completion of the intervention protocol; t4: up to 15 days after study inclusion; t5: 30 days
after the intervention.

Sample size calculation

The sample size calculation of our clinical trial will follow the pragmatic recommendations of
Whitehead et al. [91] because the proposed study will be the first to assess the efficacy of transcranial
electrical stimulation on visual verticality disorder in stroke individuals; our feasibility investigation in two

individuals does not provide enough data for a sample size calculation; and our primary outcome

10
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measure (VV,; a difference between TO and T1) is quantitative. Thus, considering a two-sided alpha of
0.05, estimated power of 80%, a standardised difference of 0.6, an inflation factor with 80% upper
confidence limit, the present trial will require 12 participants per arm (two arms; total sample size of 24
participants) (for review see [91]). The increase in sample size due to attrition or the missing-data
procedure will be 16% for the present study. Therefore, the total sample size will be 28 participants (14

per arm).

Intervention

Neuromodulation will be applied using a 3x1 ring electrode configuration (HD-tDCS) at 2 mA for
20 minutes. The surround electrodes will be placed on P4, C4, and T4 for right-hemisphere stimulation,
and on P3, C3, and T3 for left-hemisphere stimulation. The centre electrode will be positioned at the
circumcenter of the surround electrodes, which is slightly dislocated from the standard CP6 in the right
hemisphere and CP7 in the left hemisphere (Figure 2A) [66,67]. The circumcentre position was chosen
relative to the standard EEG coordinates because our prior electrostatic modelling using Finite Element
(FE) methods for the HD-tDCS protocol demonstrated that the cortical electric field and current density
would be largely confined to the boundaries of the surround electrodes and centred over the
temporoparietal junction (TPJ) [92]. During stimulation, the participant, seated upright, will perform tasks
assessing verticality perception, each lasting 5 minutes. The first task will involve using the non-affected
hand to position tilted figures so that they align with the vertical lines on a whiteboard (Figure 2B). The
second task will involve aligning the head vertically with a line presented in the mirror positioned
approximately 2 metres in front of the participant, after the examiner has tilted the participant’s head

(Figure 2C). A 5-minute interval will be maintained between the two tasks.

Direct current (DC) will be generated by a 1x1 DC stimulator and then split into the 3 high-
density Ag/AgCl sintered ring electrodes (Soterix Medical). Participants will be randomised to receive
six sessions over 2 days, with intervals of at least 2 hours between sessions, of either the active cathode
centre or the sham cathode centre condition. For appropriate comparison, the sham stimulation
condition will consist of the same electrode positioning, with a ramp-up to 2 mA over 30 seconds and a

subsequent ramp-down over 30 seconds. Baseline data will be collected prior to stimulation.

11
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Figure 2. Cathodal HD-tDCS applied over the contralesional temporoparietal junction. (A) 3 x 1 HD-
tDCS montage. (B) Non-affected hand task: positioning tilted figures to align with vertical lines on a
whiteboard. (C) Head alignment task: aligning the head vertically with a line presented in a mirror
positioned approximately 2 m in front of the participant after the examiner has tilted the participant’s

head. The participants in the images have provided informed consent for their publication.

Randomisation

The randomisation sequence will be built using R Project for Statistical Computing (Statistical
Analysis System, version 9.4). Block randomisation with different block sizes will be used for HD-tDCS

conditions, stratified to include 50% of right- and 50% of left-hemisphere stroke lesions in each arm.

Blinding and allocation concealment

Participants, outcome assessors, investigators, and the statistician will be blinded to the
intervention. One research assistant will input the randomised HD-tDCS condition for each participant

in the HD-tDCS device, while the other research assistant will be the outcome assessor.

Safety and tolerability

After each HD-tDCS session, the assessor will ask all enrolled participants to rate their

12
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discomfort on a visual analogue scale from 0 to 10. Participants will also be instructed to report any
adverse effects they experience to the research assistant after the intervention session, if they are

related to the study protocol.

The adverse effects will be classified by the principal investigator as serious or non-serious, and
as study-related, possibly study-related, or not study-related. All adverse effects will be reported to the
Institutional Review Board (IRB) within 48 hours of knowledge of the event. We expect no serious
adverse effects, such as seizures, hospitalisations, or unanticipated problems related to the
intervention, because the stimulation protocol is within the safety limits described in the literature [93—

95].
Stopping Rule

Participants would be required to discontinue the study if any serious adverse effects related to
the stimulation protocol occur. Specific caution will be exercised with regard to the occurrence of a

seizure or scalp burn at the site of the electrodes.
Data safety and management

All case report forms, whether paper-based or stored in Research Electronic Data Capture
(REDCap), and containing confidential participant information, will be identified only by the participant’s
initials and a unique study number. All confidential information will be transferred and stored in
anonymised form. In addition, all researchers involved in the study will receive training to ensure the
protection of participants’ rights and the integrity of the research project. Data sharing will comply with

HIPAA regulations and institutional policies.

Feasibility

Non-adherence will be determined in two different ways: (a) if the participants fail to participate
in the appointment for the intervention session, (b) if participants ask to interrupt the intervention in the
middle of the stimulation. The non-adherence frequency will be observed. We will assume a

conservative attrition rate of 16% in the sample size calculation for the present study.

To improve adherence, the following strategies will be implemented: (a) phone calls to

13
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participants or their caregivers before each visit, (b) financial support for transportation to each study
visit, (c) specialized training for staff to enhance communication and interviewing skills with patients,

and (d) flexibility in scheduling sessions, including options for weekends.
We will use descriptive statistics to analyse the study feasibility through the following measures:
1. The number of eligible participants of the targeted population;

2. Recruitment rate within the study period (randomised participants divided by the number of

months spent to complete the recruitment);
3. Retention (proportion of study-related dropouts);

4. Adherence (proportion of compliant participants to the study protocol).

Outcome Measures

Figure 3. Outcome measures assessment protocol in the GravNegElect trial. (A) Primary outcome:
visual verticality perception assessed using the bucket test. The participant is seated upright, and
angular deviation is measured with an inclinometer attached to the bottom of the bucket and recorded
by an examiner. (B) Magnetic resonance imaging (MRI) is used to assess structural and functional
connectivity and is acquired within 2 to 15 days after study inclusion. (C) Electroencephalography
(EEG) is used for functional connectivity analysis. (D) Transcranial Doppler ultrasound is used to
assess middle cerebral artery blood flow velocity for vascular reactivity analysis. (E) Fundus
photography is performed with the participant seated upright and the head positioned on a chin rest for

ocular torsion analysis. The participants shown in the images provided informed consent for publication.
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Visual Verticality Perception (primary outcome)

VV will be determined using the bucket test described previously [66,96]. In addition to being
extensively validated and accepted, this method was found to be better tolerated by individuals in the
acute and early subacute post-stroke periods compared to virtual reality-based techniques in our
institution. In brief, to perform the assessments, each participant will remain seated with back and foot
support, with the trunk and head in a perfectly upright position, and visualise a black line (10.5 cm long,
0.4 cm wide) positioned at the centre of the bucket base, viewed internally. On the exterior surface of
the bucket base, a calibrated digital inclinometer (precision £ 0.01°) will be used to indicate the angles.
The examiner will manually rotate the bucket slowly in clockwise (+VV) and counterclockwise (—VV)
directions while participants look into the bucket. Participants will verbally report when the line appears
upright. The examiner who rotates the bucket and monitors head position will be blinded to inclinometer
readings, while a second examiner records VV results (Figure 3A). All participants will complete at least
4 practice trials to control for learning effects. The VV assessment will consist of ten trials: 5 beginning
at the upper edge of the line in the clockwise direction and 5 in the counterclockwise direction, presented

in random order with a random initial angle.

The VV result will be expressed using 3 indices: “orientation” (VV,; primary outcome measure)
expressed by VV trial average of real numbers (with positive and negative values); “uncertainty-
absolute” (VV..ab; exploratory outcome measure), as the mean of absolute values (without sign); and
“uncertainty-standard deviation” (VV..sq; exploratory outcome measure), as the SD of the VV,. The
normal range for participant selection was defined as -2.5° to 2.5° for VV, [69]. VV..sa and VV.ab followed
a similar criterion of 2.5°. V-GN for each index (Vo-GN; Vi.a-GN; Vus-GN) was considered present
when its measurement was outside the established VV normal range.

VV will be assessed at the following time-points: TO: baseline (before the first HD-tDCS session);
T1: post-intervention (next day after the last HD-tDCS session); T2: 1-month post-stroke follow-up. The

primary outcome measure will be the VV, difference of TO (baseline) with T1 (post six treatment

sessions). Baseline to follow-up (T0-T2) will also be analysed secondarily. Spatial perception (using the
behavioural inattention test) will be assessed alongside V'V, to explore the association between ‘spatial’

and ‘verticality’ perception changes across the intervention period, as well as lateropulsion.
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Visual Verticality Perception analysis

A graphical investigation will be made to analyse the data distribution. Since we expect the raw
data to meet the assumptions of normality, linearity, and homoscedasticity, parametric approaches are
expected to be applicable. The mean change from baseline (TO) observed after stimulation protocol
(T1) between groups will be analysed using a two-sided t-test for error in perception of verticality (VVo;
primary outcome). A similar analysis will compare the VV, mean changes from TO to T2 (secondary
outcome). Primary analysis will use the intention-to-treat population, and secondary the per-protocol

population. Missing data will be handled using the last observation carried forward method.

As an exploratory analysis, a linear mixed-effects model will be used to investigate the effects of
high-definition transcranial direct current stimulation on VV over time. VV degree will be considered as
the outcome variable, and the individual characteristics/responses as a random effect. The time and
condition (cathode centre or sham) will be treated as fixed effects. The comparison among means will
be made through orthogonal contrasts. The hypotheses involved in the contrasts will be tested using
the t-test. Since the hypotheses will be defined a priori, no adjustments for multiple comparisons will be
performed [97]. The two-sided testing hypotheses are that there will be a difference between sham and
active conditions at each time point of assessment, and between baseline time points and the
stimulation time points among stimulation conditions. Graphical analysis and repeated-measures
correlation [98,99] will be used to assess the relationship between verticality (VV) and spatial (BIT)

perceptual changes across the intervention period.

In all tests, a 5% level of significance will be used (two-sided). Statistical analyses will be

performed using R software.

The calculation of effect size between each comparison described above will be performed by

X, —X
Cohensd =—1—"%

s pooled

X X s
where ¥ and *2 are the sample means of the tDCS conditions, and pooled \ujill be estimate by

Spooled =

\/sf(nl —1)+s3(n, ~1)

n+n,—2
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2 2
where 51 , ) , " and ™ are the respective variance and sample size of the tDCS conditions. The
effect size will be calculated by dividing the mean estimated difference between baseline and the other

time-points by the SD for each HD-tDCS condition®. Effect size will be considered small when d=0.2,

medium when d=0.5, and large when d=0.8 [100].

Neuroimaging investigation (predictive factor)

Magnetic resonance imaging (MRI) acquisition will be performed on a Philips Ingenia 3.0T
scanner (Philips Healthcare, Best, The Netherlands) equipped with a 16/32-channel system and a 60
cm bore diameter. The maximum field of view was 50 x 50 x 45 cm3. Images will be acquired using a
dStream Head 32-channel coil and MR Systems Achieva dStream software, Release 5.7 (2021-10-04)
(Figure 3B). MRI data will be collected 2 to 15 days after stroke onset. Lesions will be identified on 3D
T1, and investigated using Axial T2, FLAIR, and DWI. The MRI acquisition protocol will include the
following sequences: a) 3D T1 - weighted images (TR=9.7ms; TE=4ms; flip angle=12 degrees;
matrix=256x256; FOV=256mm; thickness=1mm; providing an isotropic voxel of 1 mm3); b) Axial T2
(3mm thickness); c) 3D FLAIR (matrix=256x256; FOV=256mm; thickness=1mm; providing an isotropic
voxel of 1mm3); and d) TOF 3D will be acquired in axial orientation using the following parameters: field
of view, 20 cm; TR/TE, 25/3.5 ms; flip angle, 20°; matrix, 528x270; voxel size, 0.38x0.74x1.1 mm;
reconstruction voxel size, 0.2x0.2x0.55 mm; acquisition time, 7m 5s; e) DTI: will be performed with 32
gradient directions, consisting of 72 axial images, 2mm thickness, with FOV=256x256mm (128x128
matrix, 2mm isotropic voxel), TR= 8391ms, TE=65ms and b factor=1000 s/mm2; f) Processing for the
seed-to-voxel and ROI-to-ROI analyses will be performed using the CONN Toolbox (v22.a). The
standard CONN preprocessing pipeline will be used for the preprocessing steps, including realignment,
centring, slice-timing correction, artifact detection (ART), and segmentation and normalization to the
MNI standard of functional volumes; followed by centring, segmentation, and normalization to the MNI
standard again, but this time for structural volumes. Finally, spatial smoothing of the functional data is
performed using a Gaussian kernel of 8 mm [101].

We will analyse the structural integrity of the V-GN brain regions. Each participant’s DTI metrics

will be calculated, including the primary outcome fractional anisotropy (FA) and other exploratory
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outcome measures (radial diffusivity (RD), axial diffusivity (AD), and mean diffusivity (MD). For
transcallosal temporoparietal tract analysis, fibre tractography will be performed with default values, as
described by Yeatman et al. 2012 [102]. Non-invasive transcranial neuromodulation response has been
related to the integrity of interhemispheric connections between the stimulated cortical areas [78-82].
Thus, we will assess the structural properties of the segmented Posterior Parietal and Temporal corpus
callosum fibres of the participants as a response factor of our HD-tDCS protocol over the TPJ.
Leukoaraiosis will not be an exclusion criterion, but we will explore if there is an association between
the presence and severity of leukoaraiosis (assessed by Fazekas scale) and the alteration of the V-GN

[76].

Lesion Analysis

The lesion images will be examined for possible oedema, which may distort lesion mapping [57].
The lesion boundary will be performed blinded to the study proposal. The other Axial T2, FLAIR, and
DWI sequences will be used as references during analysis as needed. The lesion will be visually
determined, and a mask will be created manually on an individual MRI scan using MRIcroN

(https://www.nitrc.org/projects/mricron). The 3D reconstruction of the lesion will be checked for

imperfections and discrepancies by a second, trained operator [103,104].
Structural integrity

Preprocessing procedures will be performed using QSIPrep 0.13.0RC2 based on Nipype 1.6.0
[104,105]. T1- weighted (T1w) image will be corrected for intensity non-uniformity (INU) using
N4BiasFieldCorrection, and for skull-stripped using antsBrainExtraction. OASIS will be used as a target
template [106]. Spatial normalization to the ICBM 152 Nonlinear Asymmetrical template version 2009c
will be conducted through nonlinear registration with antsRegistration [107] using brain-extracted
versions of both T1w volume and template (ANTs 2.3.1). Brain tissue segmentation of cerebrospinal
fluid (CSF), white matter (WM), and gray matter (GM) will be performed on the brain-extracted T1w

[108] using FAST (FSL 6.0.3:b862cdd5).
DWI data analysis

The images with a b-value less than 100 s/mm”2 will be treated as a b=0 image. MP-PCA
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denoising will be applied with a 5-voxel window (MRtrix3's dwidenoise; https://www.mrtrix.org)[109].
After MP-PCA, B1 field inhomogeneity will be corrected using dwibiascorrect from MRtrix3 with the N4
algorithm[106]. After B1 bias correction, the mean intensity of the DWI series will be adjusted so all the
mean intensity of the b=0 images match across each separate DWI scanning sequence. FSL (version
6.0.3:b862cdd5) will be used for head motion correction and Eddy current correction[110]. Eddy current
correction will be configured with a g-space smoothing factor of 10, a total of 5 iterations, and 1000
voxels to estimate hyperparameters. A linear first-level model and a linear second-level model will be
used to characterize Eddy current-related spatial distortion. Q- space coordinates will be forcefully
assigned to shells. Field offset will be separated from participant’'s movement. Shells will be aligned
post-eddy. Eddy outlier replacement will be conducted[110]. Data will be grouped by slice, including
values from slices determined to contain at least 250 intracerebral voxels. Groups deviating by more
than four standard deviations from the prediction will have their data replaced with imputed values. Final
interpolation will be performed using the Jac method. Several confounding time-series will be calculated
based on the pre-processed DWI (framewise displacement (FD) using the implementation in Nipype).
The head-motion estimates calculated in the correction step will also be placed within the corresponding
confounding file. Slicewise cross-correlation will also be calculated. The DWI time-series will be
resampled to ACPC, generating a pre-processed DWI run in ACPC space with 1.2mm isotropic voxels.
For more details on the pipeline, see the section on workflows in QSIPrep's documentation [111,112].
Structural integrity mean values of the V-GNnet will be extracted with nltools using the function

extract_roi (nltools 0.4.4, https://nltools.org/).

The pre-processed DWI will be used as input for whole brain tractography using Python

Automated Fiber Quantification (pyAFQ;https://github.com/yeatmanlab/pyAFQ). The fiber tractography

will be performed with default values as described in Yeatman et al. 2012[102]. The white matter mask
will be defined using fractional anisotropy (FA) values greater than 0.3, with a deterministic streamline-
tracking algorithm (STT) at a 1 1-mm fixed step size. Two standard termination criteria will be used:
tracking is halted if (1) the FA estimate d at the current position is below 0.2 and (2) the minimum angle

between the last path segment and next step direction is greater than 30°.

The whole-brain tractogram of each participant will then be registered to manually segmented
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whole-brain streamlines using the Streamline-based Linear Registration (SLR) method[113]. The
registered streamlines will be clustered to identify bundles based on the Minimum average Direct-Flip
(MDF) distance between model bundle centroids using QuickBundles. The RecoBundles method[113]
will be implemented using Dipy 1.4.1 (http://dipy.org)[112]. The model bundle will be the Posterior
Parietal and Temporal subdivisions of the Corpus Callosum (CC), defined with two ROIs placed in
homologous regions of each hemisphere to segment the callosal fibers[102]. Mean values of FA and

MD metrics will be extracted using TracVis 0.6.1 (http://trackvis.org/).

Means, medians, standard deviations, and interquartile intervals will be used to describe
continuous variables. The neuroimaging study will be conducted in all participants included (n=28).
Based on previous studies with the same purposes across different perceptual neural networks [114—
116], we estimate that the planned sample size will be suitable for the present neuroimaging study and
provide reliable results. The investigation of the relevant biomarkers for intervention response (H2) will

be conducted in the participants who underwent active HD-tDCS intervention (n=14).

While we acknowledge the multicollinearity of post-stroke visual verticality disorder and
recovery, univariate correlation analyses are recommended in the present study due to the sample size.
Thus, we will use the Spearman correlation test to investigate the correlation of mean V-GNnet FA with
baseline VV in participants after stroke (H1), and to analyze the correlation of the transcallosal
temporoparietal tract integrity (summation of the segmented Posterior Parietal and Temporal corpus
callosum fibres mean FA) with VV intervention response (degrees of VV correction at T7 and at T8 from

baseline).

Further analysis will be performed to explore the correlation of baseline VV and of VV response
to neuromodulation with mean structural integrity values (FA, radial diffusivity, axial diffusivity, and
mean diffusivity) of each V-GNnet region-of-interest, and mean FA and volume of the segmented

Posterior Parietal and Temporal corpus callosum fibres.

Resting State functional MRI connectivity
The rs-fMRI seed-to-voxel and ROI-to-ROI analyses, the preprocessing and analysis will be
performed using the CONN Toolbox (v22.a). The standard CONN preprocessing pipeline will be used

for the preprocessing steps, including realignment, centring, slice-timing correction, artifact detection
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(ART), and segmentation and normalization to the MNI standard of functional volumes; followed by
centring, segmentation, and normalization to the MNI standard again, but this time for structural
volumes. Finally, spatial smoothing of the functional data is performed using a Gaussian kernel of 8
mm [101].

After preprocessing is completed, the next step involves noise removal through linear regression
and temporal band-pass filtering. Consequently, seed-to-voxel maps are created using seeds defined
by the Harvard-Oxford Atlas and AAL3 Atlas, related to the ventral visual (VV) system, particularly the
regions of the inferior frontal gyrus (IFG), central opercular cortex (COC), insular cortex (IC), and
planum polare (PP) [101]. Functional maps of Pearson correlation are then generated for these regions,
which will later be correlated with findings from diffusion, VV, and BIT results. ROI-to-ROI correlation
matrices will also be created for the whole brain, for resting-state functional networks, and for regions

related to the V-GN [117].

EEG functional connectivity (exploratory investigation)

Resting-state EEG (rsEEG) data will be collected from participants in a seated position, first with
their eyes open for 5 minutes and then with their eyes closed for 5 minutes, using EEG-fMRI Brain
Products® equipment (64 channels) at a sampling frequency of 500 Hz (Figure 3C). Recordings will be
performed on the day before stimulation, 1 day after the end of the stimulation protocol, and 30 days
after completion. Before data collection, all channels will be referenced to the vertex with an electrical

impedance below 50 kQ.

After data collection, the EEG signals will be filtered with a high-pass filter at 0.1Hz, and the
reference will be set to an average reference. The method of generalized partial directed coherence,
described by Baccala and Sameshima (2001) and formulated from the multivariate autoregressive
model, is based on Granger Causality and the generalization of directed coherence (DC) by Saito and
Harashima (1981) and will be used for functional connectivity analysis. This method provides
directionality for information flow across four or more channels and can be used as a directional
estimator of brain connectivity. We will explore whether functional connectivity parameters, primarily

the debiased weighted phase lag index (dwPLlI), predict response to neuromodulation and whether
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there is a difference in this outcome between the active stimulation and placebo groups. Dynamic
temporal statistical models developed by our group (Nascimento et al., Information Sciences, 2020;
Frontiers in Neuroscience, 2020) will also be used and further improved for the analysis of EEG

functional connectivity.

Middle cerebral artery vascular reactivity (exploratory investigation)

We will assess middle cerebral artery blood flow velocity (MCA-BFv) using a portable
transcranial Doppler ultrasound system, the Viasonix Dolphin 4D device, equipped with the Viasonix
Dolphin XF Robotic Helmet (Figure 3D), which enables simultaneous bilateral assessment. The exam
will be performed by experienced neurologists in awake participants, resting comfortably in a supine
position, with minimal external audiovisual stimulus. The transducers will be placed over the
transtemporal bone window, assessing the middle cerebral artery at an average depth of 55mm

(£3mm).

The assessment of cerebral vascular reactivity will be carried out through the breath-holding
index (BHI) and apnea test (AT), immediately before and right after the first intervention. In the BHI, the
patient will be lying in a supine position, and they will be asked to hold their breath for up to 30 seconds

after a normal exhalation. The BHI will be calculated as follows:

Vapnea — Vstart

BHI x100

"~ Vstart — tapnea
where V= velocity, t=time in seconds.

The Index will be considered normal if = 1.2 1 0.6 %/s. After the MCA-BFv returns to the baseline
value, the AT will be performed. In this test, the patient will be asked to hyperventilate for 40 seconds
and then hold their breath for at least 30 seconds. The MCA-BFv values during maximum hypo and
hyperventilation will be compared to determine the difference between them. An impairment in cerebral
reactivity will be considered if this difference is greater than 15% [118,119]. For this assessment, we
will use the same TCD setup mentioned above. The use of the robotic helmet will make the analysis
more homogeneous, preventing the vessel's insonation from being interrupted during the analysis,

either due to patient movement or even the evaluator's movement, thus making the assessment more
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accurate and with fewer biases. Furthermore, the data can be analyzed continuously, increasing
sensitivity for the detection of any kind of ultrasonographic alteration, as well as allowing the elaboration
of more reliable statistical analyses to understand the phenomenon of vasoreactivity. The primary
outcome measure of the cerebral hemodynamics clinical trial will be the difference between baseline
and after the stimulation, both sides. Time-series analysis of MCA-BFv as a continuous variable will be

explored.

Ocular torsion (exploratory investigation)

Following the clinical assessments at TO, T1, and T2, we will acquire hon-mydriatic fundus
photographs of each eye using a portable retinography equipment (Eyer2, Phelcom Technologies;
Figure 2E). During the procedure, participants will be seated with their head in a perfectly upright
position, stabilised by a slit-lamp chin rest.

To evaluate ocular torsion, we will measure the disc-fovea angle (DFA), which is widely
recognised in the literature as the gold standard. Because retinal anatomical landmarks remain
constant, DFA measurements derived from conventional fundus photography demonstrate low intra-
and inter-observer variability, ensuring highly reliable and reproducible data [120-122].

The DFA will be calculated from a single, well-focused image using standard image analysis
software (version 1.54g, ImageJ; National Institutes of Health, Bethesda, MD, USA). To determine the
optic disc centre, a manually adjusted rectangle will be drawn around its borders, and the intersection
of two diagonal lines within this rectangle will mark the exact centre. The fovea was identified semi-
automatically, based on the calculation of the centre of the macular region, previously delineated by
image analysis assisted by software. The angle of cyclorotation will then be measured between a
horizontal line intersecting this centre point and a line connecting the optic disc centre to the fovea.

All images will be analysed by an experienced examiner, blinded to participant information,
who will extract one measurement per eye. We will report the ocular torsion angle for each eye

individually and calculate the binocular cyclorotation (BCR) using the formula:

_ CRrighteye — CRlefteye

BCR
2
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Consistent with established literature, a torsional deviation equal to or greater than 1.9

degrees from zero will be classified as pathological [73,123].

Discussion

V-GN represents a silent impairment present in the majority of stroke survivors, and it currently
lacks effective treatment. Non-invasive neuromodulation, particularly tDCS, is an emerging technique
of considerable clinical and research interest. While tDCS offers potential as a treatment in stroke
recovery, further formal controlled studies are required. The current clinical trial aims to provide
evidence for focal effects of HD-tDCS on physiology, its association with clinically relevant behavioural

changes, and its critical dependence on stimulation polarity and intensity.

Modulation of cortical excitability that outlasts the stimulation period can be achieved by applying
trains of transcranial magnetic stimuli, or a low-intensity electric field held for tens of minutes.
Transcranial electrical stimulation is appealing as a potential therapeutic modality largely due to its low
cost, safety and practicality; it has been most extensively studied using weak direct currents (tDCS).
Despite over two decades of scientific work on tDCS, there remains a pressing need for well-controlled
trials using contemporary technology to facilitate clinical translation, especially given the increasing

interest from the scientific community, government organizations, patients, clinicians and the media.

The technological innovation presented in this trial builds on several years of work by the
investigative team and collaborators to design, model, physiologically validate, and implement targeted
HD-tDCS. This approach provides a relatively circumscribed current distribution to the cortical region
of interest. The application of the high-definition tDCS represents an innovation in the field, particularly
applied over the temporo-parietal junction (TPJ). Based on historical lesion mapping, the TPJ is known
to be an integrative hub in the human brain for vestibular and visual information, which contributes to

the perception of visual verticality, a dominant reference during daily function.

Our translational innovation lies in the specific cortical target and the remarkable manipulation
of visual verticality perception in the intact brain. Clinically, the innovation is the application of our

neuromodulation method in a highly prevalent yet incompletely understood phenomenon in post-stroke
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disability. V-GN severely impacts functional recovery, postural balance, and falls risk, yet it currently
has no targeted confirmed treatment. Furthermore, while the majority of neuromodulation studies focus
on the chronic post-stroke phase, it is generally accepted that applying rehabilitative strategies early

after stroke can better capitalize on the critical period for brain plasticity.

The rationale for implementing multiple intervention sessions was based on studies utilizing
tDCS for the treatment of spatial neglect, which demonstrated enhanced efficacy following repeated
applications [124]. Furthermore, clinical benefits have been observed when neuromodulation strategies
are applied twice daily [125—-127]. Despite these findings, a consensus regarding the optimal number

of sessions required to induce maximal effects has yet to be established [128,129].

Our decision to target the acute/early subacute phase (in-hospital stage) was based on three
primary considerations: 1) prevalence: graviceptive neglect is highly frequent during this window [130],
observed in 72% of eligible patients at our institution (unpublished data); 2) recovery potential: the acute
phase is characterised by significant potential for functional recovery [131]; 3) clinical access:
implementing the protocol during acute hospitalisation addresses a critical logistical reality in low-and
middle-income countries (LMICs), where the hospital stay often represents the sole opportunity for

patients to receive rehabilitation [132,133].

As the average length of stay for this cohort at our centre is five to seven days, clinical feasibility
was a primary consideration in designing the protocol. Accordingly, the intervention was structured to
begin as soon as clinical stability is reached, provided at least 24 hours have elapsed since stroke
onset, and comprises six sessions conducted over two consecutive days. A minimum interval of two
hours between sessions was maintained to ensure compatibility with standard hospital care routines
while providing a sufficient window for neuromodulatory effects [134]. We acknowledge the
methodological limitation regarding the variability of intervals between sessions, as well as between the
intervention and outcome assessments. However, this pragmatic approach was the only viable
alternative to ensure the study's feasibility and to provide evidence for an intervention that can be

realistically replicated within the clinical practice of public hospitals in LMICs [135].

From the neuroanatomical perspective, the innovation lies in investigating the graviceptive

neglect brain network using the microstructural analysis of diffusion tensor imaging (DTI) in patients
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after stroke, and correlating these findings with the response to neuromodulation [136]. We will also
provide evidence characterizing changes in functional connectivity related to V-GN in post-stroke
participants, thereby expanding understanding of the underlying neurophysiological mechanisms. The
investigation of rs-fMRI connectivity may shed light on the internal model of verticality and its potential
to predict response to neuromodulation [117]. In addition, the superior temporal resolution of the
proposed rs-EEG investigation will provide a novel neuroanatomical perspective on cortical connectivity
[137]. We seek to demonstrate how targeted neuromodulation via HD-tDCS can induce modifications

in brain network dynamics, favouring both perceptual and functional connectivity recovery.

Visual verticality perception is related to ocular torsion in subjects with peripheral vestibular
disorders [123], brainstem lesions [138], and thalamic infarctions [139]. However, a 1994 study reported
participants with supratentorial stroke lesions with a dissociation between VV and ocular torsion [140]
— a finding that is yet to be replicated. Previous attempts investigated the cortical modulation of static
ocular torsion used repetitive TMS (rTMS) in healthy subjects [75]. The authors conducted the
assessments with participants’ heads tilted 20 degrees to the right, revealing that rTMS over the
supramarginal gyrus affected VV but not ocular torsion [75]. In contrast, here we will assess VV and
ocular torsion with the head in an upright position. Furthermore, Finite Element (FE) modelling of the
electric field indicates that the stimulation area of our HD-tDCS protocol over TPJ is broader than that
of the previously used rTMS [66]. Therefore, this research breaks new ground in understanding the
relationship between VV and ocular torsion in the subacute phase after supratentorial strokes and

examining whether cortical neuromodulation via HD-tDCS influences this relationship.

From a neurovascular perspective, the innovation of this study is multifaceted. It represents the
pioneering investigation into the effects of HD-tDCS (2 mA for 20 minutes) over the TPJ on
cerebrovascular reactivity following a stroke. Distinctive methodological features include the use of
sophisticated robotic technology for bilateral data acquisition, the collection of continuous data to
examine temporal reactions, and a rigorous safety assessment of the protocol during the acute and
subacute stages of recovery. Given the established links between cognitive performance and
cerebrovascular reactivity [141], and considering that neuromodulation has been shown to regulate

neurovascular coupling—with tDCS specifically associated with enhancements in the breath hold index
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[86,142,143]—we hypothesise that improvements in verticality perception (a cognitive task) will

correlate with BHI enhancements.

In accordance with standard recommendations, the primary objective of this phase lla clinical
trial is to provide a preliminary evaluation of efficacy—based on our primary outcome measure, VV—
and to gather supplementary safety data. These findings will facilitate future power calculations and the
determination of the intervention’s effect size [144]. As the first study to test HD-tDCS for post-stroke
V-GN, this research also aims to address literature gaps by investigating the physiological aspects of
the condition and our protocol using rigorous methods. However, we have carefully considered the
potential for participant burden associated with extensive data collection across multiple outcomes
[145]. To ensure effective recruitment and retention while maintaining ethical and accessible standards,
our strategies include transparent communication between the research team and participants, valuing
patient perspectives, actively engaging the clinical staff, and implementing flexible scheduling of

assessments throughout the day to align with both hospital routines and participant needs.

Upon completion of this study, we will have determined whether focal non-invasive
neuromodulation is safe, feasible, and preliminarily effective in treating the widely prevalent population
of individuals with graviceptive neglect, providing the effect size and evidence to support a future phase
Il clinical trial to establish effectiveness. As well, we will confirm the involvement of putative brain
regions underlying V-GN, and their responsiveness to neuromodulation treatment. Moreover, since
imaging and lesion studies have indicated numerous roles for the temporoparietal junction [53] —
including social cognition, attention and neglect, speech, language, and auditory processing — the

results of this trial will set directions for future research in several fields of interest.

Ultimately, our goal is to gather critical information to guide the therapeutic use of this method.
This will benefit the broader participant community by refining methods to improve physical
rehabilitation outcomes in stroke survivors and other participants with graviceptive neglect and postural
control imbalance. These findings will support the use of HD-tDCS for other cortical targets as a focal
and reliable method of neuromodulation and warrant further studies in clinical populations with this

protocol.

While this protocol includes individuals with various stroke severities based on NIHSS and
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neuroimaging, the total volume of the infarct and the use of reperfusion therapies, such as thrombolysis
and mechanical thrombectomy, remain critical variables for future analysis. Successful reperfusion can
salvage penumbral tissue and preserve structural connectivity [111], potentially altering the
interhemispheric excitability balance that HD-tDCS aims to modulate. Future analyses should
determine if the efficacy of V-GN correction differs significantly between patients with extensive
territorial infarcts and those with smaller focal lesions. Understanding how the extent of the lesion and
the restoration of blood flow interact with neuromodulation will be essential for identifying which patients

are most likely to benefit from this intervention in the acute setting.

Furthermore, the recovery of verticality perception may be moderated by baseline burden of
cerebral small-vessel disease. Markers such as lacunes, white matter hyperintensities, and atrophy are
consistently linked to poorer functional outcomes [112] and may impede the "network-wide" plastic
changes required for recovery. Although this protocol includes an exploratory analysis of leukoaraiosis
using the Fazekas scale, it is hypothesized that chronic white matter damage could reduce focal
stimulation efficacy at the TPJ by disrupting the structural integrity of the V-GN network and
transcallosal pathways. Identifying these imaging biomarkers as potential modifiers is a vital step toward

personalized neurorehabilitation in the subacute phase.

Supplementary Information

Acknowledgements
The authors gratefully acknowledge Soterix Medical for providing the HD-tDCS device, Viasonix
for lending the transcranial Doppler device, and Phelcom Technologies for lending the retinography

equipment.

Dissemination policy
We plan to disseminate the study findings at national and international conferences and to
publish the results in a peer-reviewed journal in the field of neurological rehabilitation. We will also share

the results with all relevant stakeholders, including patients, stroke survivors, family members,

28



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

caregivers, and healthcare providers. Clinical trial registration and results reporting will be conducted in

accordance with applicable policy requirements.

Funding
This study is supported by the Sdo Paulo Research Foundation (FAPESP; grant number
2023/03252-2) and the Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES),

Brazilian Ministry of Education, Brazil (finance code 001).

Declarations

Ethics approval and consent to participate

The Clinics Hospital at Ribeirao Preto Medical School, University of Sdo Paulo Ethics
Committee approved the study protocol (CAAE: 74877723.4.0000.5440). Before randomization, all
participants will be asked to provide written informed consent, which will be obtained by an investigator.
This study was registered on http://www.clinicaltrials.gov (NCT number, NCT06747676). The authors
are responsible for the conduct of the study, endpoint adjudication, data management, and the oversight
of all trial-related activities carried out by the study team and any other individuals or groups involved

in trial supervision.

Competing interests
The authors declared no conflicts of interest with respect to the research, authorship, and/or

publication of this article.

Authors contributions

Conceptualizing the research idea and formulating the overarching research goals: TGSE, DJE.
Funding: TGSE, DJE. Development of methodology: all authors. Writing the initial draft: TGSE. Critical

review and commentary of the draft: all co-authors. Project administration: TGSE.

29



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

References

Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, Connor M, Bennett DA, et al. Global
and regional burden of stroke during 1990-2010: findings from the Global Burden of Disease

Study 2010. The Lancet. 2014;383:245-55. https://doi.org/10.1016/S0140-6736(13)61953-4

Krishnamurthi R V, Feigin VL, Forouzanfar MH, Mensah GA, Connor M, Bennett DA, et al.
Global and regional burden of first-ever ischaemic and haemorrhagic stroke during 1990-2010:
findings from the Global Burden of Disease Study 2010. Lancet Glob Health. 2013;1:6259-81.

https://doi.org/10.1016/S2214-109X(13)70089-5

Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-adjusted
life years (DALY's) for 291 diseases and injuries in 21 regions, 1990-2010: a systematic analysis
for the Global Burden of Disease Study 2010. The Lancet. 2012;380:2197-223.

https://doi.org/10.1016/S0140-6736(12)61689-4

Feigin VL, Lawes CM, Bennett DA, Barker-Collo SL, Parag V. Worldwide stroke incidence and
early case fatality reported in 56 population-based studies: a systematic review. Lancet Neurol.

2009;8:355—69. https://doi.org/10.1016/S1474-4422(09)70025-0

Yelnik AP, Lebreton FO, Bonan | V., Colle FMC, Meurin FA, Guichard JP, et al. Perception of
verticality after recent cerebral hemispheric stroke. Stroke [Internet]. Stroke; 2002 [cited 2023

Apr 1];33:2247-53. https://doi.org/10.1161/01.STR.0000027212.26686.48

Pérrenou D. Postural disorders and spatial neglect in stroke patients: A strong association.

Restorative Neurology and Neuroscience, vol 24, no 4-6, pp 319-334, 2006. 2006;24:319-34.

Bonan | V., Hubeaux K, Gellez-Leman MC, Guichard JP, Vicaut E, Yelnik AP. Influence of
subjective visual vertical misperception on balance recovery after stroke. J Neurol Neurosurg
Psychiatry [Internet]. J Neurol Neurosurg Psychiatry; 2007 [cited 2023 Apr 1];78:49-55.

https://doi.org/10.1136/JNNP.2006.087791

Baggio JAO, Mazin SSC, Alessio-Alves FF, Barros CGC, Carneiro AAO, Leite JP, et al.

Verticality perceptions associate with postural control and functionality in stroke patients. PLoS

30



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

10.

11.

12.

13.

14.

15.

One [Internet]. ["Department of Neuroscience and Behavior Sciences, Ribeirao Preto Medical
School, University of Sao Paulo, Ribeirdo Preto, Sdo Paulo, Brazil", "Department of
Ophthalmology, Otorhinolaryngology and Head and Neck Surgery, Ribeirao Preto Medical
School, Uni: Public Library of Science; 2016;11.
https://www.scopus.com/inward/record.uri?eid=2-s2.0-

84962585743&d0oi=10.1371%2Fjournal.pone.0150754&partnerlD=40&md5=db1fc986e296¢c5b

e5b912343ceb2448f

Babyar Suzanne, Sheehan Nicholas, Nolan Jessica, Edwards Taiza G S,
Bergmann Jeannine, Meyer Amy, et al. A clinical roadmap for lateropulsion after stroke based
on a realist review strategy. Clin Rehabil [Internet]. SAGE Publications Ltd STM;

2026;02692155261418609. https://doi.org/10.1177/02692155261418609

FRIEDMANN G. THE JUDGEMENT OF THE VISUAL VERTICAL AND HORIZONTAL WITH
PERIPHERAL AND CENTRAL VESTIBULAR LESIONS. Brain. 1970;93:313-28.

https://doi.org/10.1093/brain/93.2.313

Kheradmand A, Winnick A. Perception of Upright: Multisensory Convergence and the Role of

Temporo-Parietal Cortex. Front Neurol. 2017;8. https://doi.org/10.3389/fneur.2017.00552

Pérennou DA, Amblard B, Laassel EM, Benaim C, Hérisson C, Pélissier J. Understanding the
pusher behavior of some stroke patients with spatial deficits: A pilot study. Arch Phys Med

Rehabil. 2002;83:570-5. https://doi.org/10.1053/apmr.2002.31198

Paci M, Baccini M, Rinaldi LA. Pusher behaviour: A critical review of controversial issues. Disabil

Rehabil. 2009;31:249-58. https://doi.org/10.1080/09638280801928002

Babyar SR, McCloskey KH, Reding M. Surface Electromyography of Lumbar Paraspinal
Muscles During Seated Passive Tilting of Patients With Lateropulsion Following Stroke.

Neurorehabil Neural Repair. 2007;21:127-36. https://doi.org/10.1177/1545968306291857

Karnath H-O, Ferber S, Dichgans J. The origin of contraversive pushing: Evidence for a second
graviceptive system in humans. Neurology. 2000;55:1298-304.

https://doi.org/10.1212/WNL.55.9.1298

31



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

16.

17.

18.

19.

20.

21.

22.

23.

24.

Piscicelli C, Pérennou D. Visual verticality perception after stroke: A systematic review of
methodological approaches and suggestions for standardization. Ann. Phys. Rehabil. Med.

Elsevier Masson SAS; 2017. p. 208-16. https://doi.org/10.1016/j.rehab.2016.02.004

Rimoli BP, Favoretto DB, Santos LRA, Nascimento DC, Weber KT, Louzada F, et al.
Graviceptive neglect induced by HD-tDCS of the right or left temporoparietal junction: A within-
person randomized trial in healthy adults. Ann Phys Rehabil Med [Internet]. 2024;67:101872.

https://doi.org/https://doi.org/10.1016/j.rehab.2024.101872

Perennou DA, Mazibrada G, Chauvineau V, Greenwood R, Rothwell J, Gresty MA, et al.
Lateropulsion, pushing and verticality perception in hemisphere stroke: a causal relationship?

Brain. 2008;131:2401-13. https://doi.org/10.1093/brain/awn170

van der Waal C, Embrechts E, Loureiro-Chaves R, Gebruers N, Truijen S, Saeys W.
Lateropulsion with active pushing in stroke patients: its link with lesion location and the
perception of verticality. A systematic review. Top. Stroke Rehabil. 2023.

https://doi.org/10.1080/10749357.2022.2026563

Embrechts E, Waal C Van Der, Anseeuw D, Buijnderen J Van. Association between spatial
neglect and impaired verticality perception after stroke: A systematic review. 2022;66.

https://doi.org/10.1016/j.rehab.2022.101700

Sharpe JA. What's up, doc? Altered perception of the haptic, postural, and visual vertical.
Neurology [Internet]. Neurology; 2003 [cited 2023 Apr 11;,61:1172-3.

https://doi.org/10.1212/WNL.61.9.1172

Dieterich M, Brandt T. Ocular torsion and tilt of subjective visual vertical are sensitive brainstem

signs. Ann Neurol. 2004;33:292-9. https://doi.org/10.1002/ana.410330311

Dieterich M, Brandt T. Perception of Verticality and Vestibular Disorders of Balance and Falls.

Front Neurol. 2019;10. https://doi.org/10.3389/fneur.2019.00172

BRONSTEIN AM. The Interaction of Otolith and Proprioceptive Information in the Perception of
Verticality: The Effects of Labyrinthine and CNS Disease. Ann N Y Acad Sci. 1999;871:324-33.

https://doi.org/10.1111/j.1749-6632.1999.tb09195.x

32



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

25.

26.

27.

28.

29.

30.

31.

32.

33.

Bonan I V., Leman MC, Legargasson JF, Guichard JP, Yelnik AP. Evolution of Subjective Visual
Vertical Perturbation After Stroke. Neurorehabil Neural Repair. 2006;20:484-91.

https://doi.org/10.1177/1545968306289295

Dai S, Piscicelli C, Clarac E, Baciu M, Hommel M, Pérennou D. Balance, Lateropulsion, and
Gait Disorders in Subacute Stroke. Neurology. 2021;96:€2147-59.

https://doi.org/10.1212/WNL.0000000000011152

Nitsche MA, Paulus W. Excitability changes induced in the human motor cortex by weak
transcranial direct current stimulation. J Physiol. 2000;527:633-9.

https://doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x

Nitsche MA, Paulus W. Sustained excitability elevations induced by transcranial DC motor
cortex stimulation in humans. Neurology. 2001;57:1899-901.

https://doi.org/10.1212/WNL.57.10.1899

Rawiji V, Ciocca M, Zacharia A, Soares D, Truong D, Bikson M, et al. tDCS changes in motor
excitability are specific to orientation of current flow. Brain Stimul. 2018;11:289-98.

https://doi.org/10.1016/j.brs.2017.11.001

Sale M V., Mattingley JB, Zalesky A, Cocchi L. Imaging human brain networks to improve the
clinical efficacy of non-invasive brain stimulation. Neurosci Biobehav Rev. 2015;57:187-98.

https://doi.org/10.1016/j.neubiorev.2015.09.010

Siebner HR, Hartwigsen G, Kassuba T, Rothwell JC. How does transcranial magnetic
stimulation modify neuronal activity in the brain? Implications for studies of cognition. Cortex.

2009;45:1035-42. https://doi.org/10.1016/j.cortex.2009.02.007

Giglia G, Mattaliano P, Puma A, Rizzo S, Fierro B, Brighina F. Neglect-like effects induced by
tDCS modulation of posterior parietal cortices in healthy subjects. Brain Stimul. 2011;4:294-9.

https://doi.org/10.1016/j.brs.2011.01.003

Andres M, Masson N, Larigaldie N, Bonato M, Vandermeeren Y, Dormal V. Transcranial electric
stimulation optimizes the balance of visual attention across space. Clinical Neurophysiology.

2020;131:912-20. https://doi.org/10.1016/j.clinph.2019.12.415

33



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

34.

35.

36.

37.

38.

39.

40.

41.

42.

Rothwell J. Transcranial brain stimulation: Past and future. Brain Neurosci Adv.

2018;2:239821281881807. https://doi.org/10.1177/2398212818818070

Weissman-Fogel |, Granovsky Y. The *“virtual lesion” approach to transcranial magnetic
stimulation: studying the brain—behavioral relationships in experimental pain. Pain Rep.

2019;4:e760. https://doi.org/10.1097/PR9.0000000000000760

Pollok B, Schmitz-Justen C, Krause V. Cathodal Transcranial Direct Current Stimulation (tDCS)
Applied to the Left Premotor Cortex Interferes with Explicit Reproduction of a Motor Sequence.

Brain Sci. 2021;11:207. https://doi.org/10.3390/brainsci11020207

Pascual-Leone A, Bartres-Faz D, Keenan JP. Transcranial magnetic stimulation: Studying the
brain-behaviour relationship by induction of “virtual lesions.” Philosophical Transactions of the

Royal Society B: Biological Sciences. 1999;354. https://doi.org/10.1098/rstb.1999.0476

Heinen K, Ruff CC, Bjoertomt O, Schenkluhn B, Bestmann S, Blankenburg F, et al. Concurrent
TMS-fMRI reveals dynamic interhemispheric influences of the right parietal cortex during
exogenously cued visuospatial attention. European Journal of Neuroscience. 2011;33.

https://doi.org/10.1111/j.1460-9568.2010.07580.x

Brancaccio A, Lanza CM, Schintu S. Investigating the attentional state dependency of
interhemispheric  interactions - a TMS-EEG study. Brain  Stimul. 2026.

https://doi.org/10.1016/j.brs.2025.103011

Zebhauser PT, Vernet M, Unterburger E, Brem AK. Visuospatial Neglect - a Theory-Informed
Overview of Current and Emerging Strategies and a Systematic Review on the Therapeutic Use
of Non-invasive Brain Stimulation. Neuropsychol. Rev. 2019. https://doi.org/10.1007/s11065-

019-09417-4

Pascual-Leone A, Gomez-Tortosa E, Grafman J, Alway D, Nichelli P, Hallett M. Induction of
visual extinction by rapid-rate transcranial magnetic stimulation of parietal lobe. Neurology
[Internet]. Neurology; 1994 [cited 2023 Apr 1];44:494-8.

https://doi.org/10.1212/WNL.44.3_PART_1.494

Pascual-Leone A, Bartres-Faz D, Keenan JP. Transcranial magnetic stimulation: studying the

34



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

43.

44,

45.

46.

47.

48.

49.

50.

brain-behaviour relationship by induction of “virtual lesions.” Philos Trans R Soc Lond B Biol Sci
[Internet]. Philos Trans R Soc Lond B Biol Sci; 1999 [cited 2023 Apr 1];354:1229-38.

https://doi.org/10.1098/RSTB.1999.0476

Ellison A, Schindler I, Pattison LL, Milner AD. An exploration of the role of the superior temporal
gyrus in visual search and spatial perception using TMS. Brain [Internet]. Brain; 2004 [cited 2023

Apr 1];127:2307-15. https://doi.org/10.1093/BRAIN/AWH244

Sunwoo H, Kim Y-H, Chang WH, Noh S, Kim E-J, Ko M-H. Effects of dual transcranial direct
current stimulation on post-stroke unilateral visuospatial neglect. Neurosci Lett. 2013;554:94-8.

https://doi.org/10.1016/j.neulet.2013.08.064

Gammeri R, lacono C, Ricci R, Salatino A. Unilateral Spatial Neglect After Stroke: Current
Insights. Neuropsychiatr Dis Treat. 2020;Volume 16:131-52.

https://doi.org/10.2147/NDT.S171461

Santos-Pontelli TEG RBPFDBMSCTDQLJPP-NOMBSRRMBM, Edwards DJ. Polarity-
dependent misperception of subjective visual vertical during and after transcranial direct current

stimulation (tDCS). PLoS One. 11.

Favoretto DB, Santos TEG, Favoretto DB, Toostani IG, Taylor P. Manipulation of Human
Verticality Using High-Definition Transcranial Direct Manipulation of Human Verticality Using
High-Definition Transcranial Direct Current Stimulation. 2018;

https://doi.org/10.3389/fneur.2018.00825

Santos TEG, Edwards DJ. Non-invasive brain stimulation to treat disorders of human verticality.
Neurologie und Rehabilitation. Hippocampus Verlag; 2019;25:S50-3.

https://doi.org/10.14624/NR1904011

Babyar S, Santos-Pontelli T, Will-Lemos T, Mazin S, Bikson M, Truong DQ, et al. Center of
Pressure Speed Changes with tDCS Versus GVS in Patients with Lateropulsion after Stroke.

Brain Stimul. 2016; https://doi.org/10.1016/j.brs.2016.06.053

Reding M, Babyar S, Santos-Pontelli T, Lemos T, Edwards D. Parietal-Insular-Vestibular tDCS

for Treatment of Lateropulsion Following Stroke. Brain  Stimul. 2017;10.

35



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

51.

52.

53.

54.

55.

56.

57.

58.

59.

https://doi.org/10.1016/j.brs.2016.11.032

Nascimento DC, Depetri G, Stefano LH, Anacleto O, Leite JP, Edwards DJ, et al. Entropy
analysis of high-definition transcranial electric stimulation effects on EEG dynamics. Brain Sci.

2019;9. https://doi.org/10.3390/brainsci9080208

Nascimento DC, Pimentel B, Souza R, Leite JP, Edwards DJ, Santos TEG, et al. Dynamic time
series smoothing for symbolic interval data applied to neuroscience. Inf Sci (N Y). 2020;517.

https://doi.org/10.1016/j.ins.2019.12.026

Donaldson PH, Rinehart NJ, Enticott PG. Noninvasive stimulation of the temporoparietal
junction: A systematic review. Neurosci Biobehav  Rev. 2015;55:547-72.

https://doi.org/10.1016/j.neubiorev.2015.05.017

Baier B, Suchan J, Karnath H-O, Dieterich M. Neural correlates of disturbed perception of

verticality. Neurology. 2012;78:728-35. https://doi.org/10.1212/WNL.0b013e318248e544

Kheradmand A, Lasker A, Zee DS. Transcranial Magnetic Stimulation (TMS) of the
Supramarginal Gyrus: A Window to Perception of Upright. Cerebral Cortex. 2015;25:765-71.

https://doi.org/10.1093/cercor/bht267

Pérennou DA, Leblond C, Amblard B, Micallef JP, Rouget E, Pélissier J. The polymodal sensory
cortex is crucial for controlling lateral postural stability: evidence from stroke patients. Brain Res

Bull. 2000;53:359-65. https://doi.org/10.1016/S0361-9230(00)00360-9

Baier B, Janzen J, Muller-Forell W, Fechir M, Muller N, Dieterich M. Pusher syndrome: its

cortical correlate. J Neurol. 2012;259:277-83. https://doi.org/10.1007/s00415-011-6173-z

Brandt T, Dieterich M. Perceived Vertical and Lateropulsion: Clinical Syndromes, Localization,
and Prognosis. Neurorehabil Neural Repair. 2000;14:1-12.

https://doi.org/10.1177/154596830001400101

Karnath H-O, Johannsen L, Broetz D, Kuker W. Posterior thalamic hemorrhage induces “pusher
syndrome.” Neurology. 2005;64:1014-9.

https://doi.org/10.1212/01.WNL.0000154527.72841.4A

36



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

60.

61.

62.

63.

64.

65.

66.

67.

68.

Santos-Pontelli TEG, Pontes-Neto OM, Araujo DB de, Santos AC dos, Leite JP. Neuroimaging
in stroke and non-stroke pusher patients. Arqg Neuropsiquiatr. 2011;69:914-9.

https://doi.org/10.1590/S0004-282X2011000700013

Babyar S, Santos-Pontelli T, Will-Lemos T, Mazin S, Bikson M, Truong DQ, et al. Center of
Pressure Speed Changes with tDCS Versus GVS in Patients with Lateropulsion after Stroke.

Brain Stimul. 2016;9:796-8. https://doi.org/10.1016/j.brs.2016.06.053

Nasseri P, Nitsche MA, Ekhtiari H. A framework for categorizing electrode montages in
transcranial direct current stimulation. Front Hum Neurosci. 2015;9.

https://doi.org/10.3389/fnhum.2015.00054

Datta A, Truong D, Minhas P, Parra LC, Bikson M. Inter-Individual Variation during Transcranial
Direct Current Stimulation and Normalization of Dose Using MRI-Derived Computational

Models. Front Psychiatry. 2012;3. https://doi.org/10.3389/fpsyt.2012.00091

Edwards D, Cortes M, Datta A, Minhas P, Wassermann EM, Bikson M. Physiological and
modeling evidence for focal transcranial electrical brain stimulation in humans: A basis for high-
definition tDCS. Neuroimage. 2013;74:266-75.

https://doi.org/10.1016/j.neuroimage.2013.01.042

Kuo H-I, Bikson M, Datta A, Minhas P, Paulus W, Kuo M-F, et al. Comparing Cortical Plasticity
Induced by Conventional and High-Definition 4 x 1 Ring tDCS: A Neurophysiological Study.

Brain Stimul. 2013;6:644-8. https://doi.org/10.1016/j.brs.2012.09.010

Santos TEG, Favoretto DB, Toostani IG, Nascimento DC, Rimoli BP, Bergonzoni E, et al.
Manipulation of Human Verticality Using High-Definition Transcranial Direct Current Stimulation.

Front Neurol [Internet]. 2018;9. https://doi.org/10.3389/fneur.2018.00825

Rimoli BP, Favoretto DB, Santos LRA, Nascimento DC, Weber KT, Louzada F, et al.
Graviceptive neglect induced by HD-tDCS of the right or left temporoparietal junction: A within-
person randomized trial in healthy adults. Ann. Phys. Rehabil. Med. Elsevier Masson s.r.l.; 2024.

https://doi.org/10.1016/j.rehab.2024.101872

Kheradmand A, Winnick A. Perception of upright: Multisensory convergence and the role of

37



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

69.

70.

71.

72.

73.

74.

75.

temporo-parietal cortex. Front Neurol. Frontiers Media S.A; 2017:8.

https://doi.org/10.3389/fneur.2017.00552

Pérennou D, Piscicelli C, Barbieri G, Jaeger M, Marquer A, Barra J. Measuring verticality
perception after stroke: Why and how? Neurophysiologie Clinique. 2014. p. 25-32.

https://doi.org/10.1016/j.neucli.2013.10.131

Pérennou DA, Mazibrada G, Chauvineau V, Greenwood R, Rothwell J, Gresty MA, et al.
Lateropulsion, pushing and verticality perception in hemisphere stroke: A causal relationship?

Brain. 2008;131:2401-13. https://doi.org/10.1093/brain/awn170

Barra J, Marquer A, Joassin R, Reymond C, Metge L, Chauvineau V, et al. Humans use internal
models to construct and update a sense of verticality. Brain [Internet]. ["Laboratoire de
Psychologie et Neuropsychologie Cognitive, Université Paris Descartes, FRE 3292, France",
“Cliniqgue MPR-CHU, Laboratoire TIMC-IMAG CNRS 5525 Equipe Santé-Plasticité- Motricité,
Université Grenoble 1, Grenoble, France”, "Service de Rééduca: Oxford University Press;
2010;133:3552-63. https://www.scopus.com/inward/record.uri?eid=2-s2.0-
786498513728&d0oi=10.1093%2Fbrain%2Fawq311&partneriD=40&md5=e8136128703430d71

06f1a3ae188000c

Sharpe JA, Kumar S, Sundaram AN. Ocular torsion and vertical misalignment. Curr Opin Neurol
[Internet]. Division of Neurology, University Health Network, University of Toronto, Toronto, ON,
Canada; 2011;24:18-24. https://www.scopus.com/inward/record.uri?eid=2-s2.0-
786513983578&d0oi=10.1097%2FWCO.0b013e328341e2b2&partnerlD=40&md5=961ee89679

edc91ac99992e 17430305

Dieterich M, Brandt T. Ocular torsion and tilt of subjective visual vertical are sensitive brainstem

signs. Ann Neurol. 1993;33. https://doi.org/10.1002/ana.410330311

Otero-millan J, Kheradmand A. Upright Perception and Ocular Torsion Change Independently

during Head Tilt. 2016;10:1-9. https://doi.org/10.3389/fnhum.2016.00573

Otero-Millan J, Winnick A, Kheradmand A. Exploring the role of temporoparietal cortex in upright

perception and the link with torsional eye position. Front Neurol. 2018;9.

38



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

76.

77.

78.

79.

80.

81.

82.

83.

https://doi.org/10.3389/fneur.2018.00192

Santos TEG, Baggio JAO, Rondinoni C, Machado L, Weber KT, Stefano LH, et al. Fractional
Anisotropy of Thalamic Nuclei Is Associated With Verticality Misperception After Extra-Thalamic

Stroke. Front Neurol. 2019;10. https://doi.org/10.3389/fneur.2019.00697

Glasauer S, Dieterich M, Brandt T. Neuronal network-based mathematical modeling of
perceived verticality in acute unilateral vestibular lesions: from nerve to thalamus and cortex. J

Neurol. 2018;265:101-12. https://doi.org/10.1007/s00415-018-8909-5

Nyffeler T, Vanbellingen T, Kaufmann BC, Pflugshaupt T, Bauer D, Frey J, et al. Theta burst
stimulation in neglect after stroke: functional outcome and response variability origins. Brain.

2019;142:992-1008. https://doi.org/10.1093/brain/awz029

Chechlacz M, Humphreys GW, Sotiropoulos SN, Kennard C, Cazzoli D. Structural Organization
of the Corpus Callosum Predicts Attentional Shifts after Continuous Theta Burst Stimulation.
The Journal of Neuroscience. 2015;35:15353-68. https://doi.org/10.1523/JNEUROSCI.2610-

15.2015

Bortoletto M, Bonzano L, Zazio A, Ferrari C, Pedulla L, Gasparotti R, et al. Asymmetric
transcallosal conduction delay leads to finer bimanual coordination. Brain Stimul. 2021;14:379—

88. https://doi.org/10.1016/j.brs.2021.02.002

Schintu S, Cunningham CA, Freedberg M, Taylor P, Gotts SJ, Shomstein S, et al. Callosal
anisotropy predicts attentional network changes after parietal inhibitory stimulation.

Neuroimage. 2021;226:117559. https://doi.org/10.1016/j.neuroimage.2020.117559

Cazzoli D, Chechlacz M. A matter of hand: Causal links between hand dominance, structural
organization of fronto-parietal attention networks, and variability in behavioural responses to
transcranial magnetic stimulation. Cortex. 2017;86:230—-46.

https://doi.org/10.1016/j.cortex.2016.06.015

Lu H, Gallinaro J V., Rotter S. Network remodeling induced by transcranial brain stimulation: A
computational model of tDCS-triggered cell assembly formation. Network Neuroscience.

2019;3. https://doi.org/10.1162/netn_a_00097

39



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

84.

85.

86.

87.

88.

89.

90.

91.

92.

Jog MA, Anderson C, Kubicki A, Boucher M, Leaver A, Hellemann G, et al. Transcranial direct
current stimulation (tDCS) in depression induces structural plasticity. Sci Rep. 2023;13.

https://doi.org/10.1038/s41598-023-29792-6

Bahr-Hosseini M, Bikson M. Neurovascular-modulation: A review of primary vascular responses
to transcranial electrical stimulation as a mechanism of action. Brain Stimul [Internet]. Elsevier

Ltd; 2021;14:837-47. https://doi.org/10.1016/j.brs.2021.04.015

lyer PC, Madhavan S. Non-invasive brain stimulation in the modulation of cerebral blood flow
after stroke: A systematic review of Transcranial Doppler studies. Clinical Neurophysiology.

2018;129. https://doi.org/10.1016/j.clinph.2018.09.019

Stefano LHS, Favoretto DB, Nascimento DC, Santos LRA, Louzada F, Bikson M, et al. Middle
cerebral artery blood flow stability in response to high-definition transcranial electrical
stimulation: A randomized sham-controlled clinical trial. Clin Neurol Neurosurg. 2022;220.

https://doi.org/10.1016/j.clineuro.2022.107345

Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample size for a pilot
randomised trial to minimise the overall trial sample size for the external pilot and main trial for
a continuous outcome variable. Stat Methods Med Res. 2016;25:1057-73.

https://doi.org/10.1177/0962280215588241

Santos TEG, Favoretto DB, Toostani IG, Nascimento DC, Rimoli BP, Bergonzoni E, et al.
Manipulation of Human Verticality Using High-Definition Transcranial Direct Current Stimulation.

Front Neurol. 2018;9. https://doi.org/10.3389/fneur.2018.00825

Reckow J, Rahman-Filipiak A, Garcia S, Schlaefflin S, Calhoun O, DaSilva AF, et al. Tolerability
and blinding of 4x1 high-definition transcranial direct current stimulation (HD-tDCS) at two and

three milliamps. Brain Stimul. 2018;11:991-7. https://doi.org/10.1016/j.brs.2018.04.022

Chhatbar PY, Chen R, Deardorff R, Dellenbach B, Kautz SA, George MS, et al. Safety and
tolerability of transcranial direct current stimulation to stroke patients — A phase | current

escalation study. Brain Stimul. 2017;10:553-9. https://doi.org/10.1016/j.brs.2017.02.007

Antal A, Alekseichuk |, Bikson M, Brockmoller J, Brunoni AR, Chen R, et al. Low intensity

40



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

transcranial electric stimulation: Safety, ethical, legal regulatory and application guidelines.

Clinical Neurophysiology. 2017;128:1774—809. https://doi.org/10.1016/j.clinph.2017.06.001

Zwergal A, Rettinger N, Frenzel C, Dieterich M, Brandt T, Strupp M. A bucket of static vestibular

function. Neurology. 2009;72:1689-92. https://doi.org/10.1212/WNL.0b013e3181a55ecf

Schulz KF, Grimes DA. Multiplicity in randomised trials I: endpoints and treatments. The Lancet.

2005;365:1591-5. https://doi.org/10.1016/S0140-6736(05)66461-6

Bakdash JZ, Marusich LR. Corrigendum: Repeated Measures Correlation. Front Psychol.

2019;10. https://doi.org/10.3389/fpsyg.2019.01201

Bakdash JZ, Marusich LR. Repeated Measures Correlation. Front Psychol. 2017;8.

https://doi.org/10.3389/fpsyg.2017.00456

Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a practical
primer for t-tests and ANOVAsSs. Front Psychol. 2013:4.

https://doi.org/10.3389/fpsyg.2013.00863

Whitfield-Gabrieli S, Nieto-Castanon A. Conn: A Functional Connectivity Toolbox for Correlated
and Anticorrelated Brain Networks. Brain Connect. 2012;2.

https://doi.org/10.1089/brain.2012.0073

Yeatman JD, Wandell BA, Mezer AA. Lifespan maturation and degeneration of human brain

white matter. Nat Commun. 2014;5:4932. https://doi.org/10.1038/ncomms5932

Rousseaux M, Braem B, Honoré J, Saj A. An anatomical and psychophysical comparison of
subjective verticals in patients with right brain damage. Cortex. 2015;69:60-7.

https://doi.org/10.1016/j.cortex.2015.04.004

de Haan B, Karnath H-O. A hitchhiker’s guide to lesion-behaviour mapping. Neuropsychologia.

2018;115:5-16. https://doi.org/10.1016/j.neuropsychologia.2017.10.021

Gorgolewski K, Burns CD, Madison C, Clark D, Halchenko YO, Waskom ML, et al. Nipype: A
Flexible, Lightweight and Extensible Neuroimaging Data Processing Framework in Python.

Front Neuroinform. 2011;5. https://doi.org/10.3389/fninf.2011.00013

41



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

103.

104.

105.

106.

107.

108.

109.

110.

111.

Tustison NJ, Avants BB, Cook PA, Yuanjie Zheng, Egan A, Yushkevich PA, et al. N4ITK:
Improved N3 Bias Correction. IEEE Trans Med Imaging. 2010;29:1310-20.

https://doi.org/10.1109/TMI.2010.2046908

AVANTS B, EPSTEIN C, GROSSMAN M, GEE J. Symmetric diffeomorphic image registration
with cross-correlation: Evaluating automated labeling of elderly and neurodegenerative brain.

Med Image Anal. 2008;12:26—41. https://doi.org/10.1016/j.media.2007.06.004

Zhang Y, Brady M, Smith S. Segmentation of brain MR images through a hidden Markov random
field model and the expectation-maximization algorithm. IEEE Trans Med Imaging. 2001;20:45—

57. https://doi.org/10.1109/42.906424

Veraart J, Novikov DS, Christiaens D, Ades-aron B, Sijbers J, Fieremans E. Denoising of
diffusion MRI using random matrix theory. Neuroimage. 2016;142:394—406.

https://doi.org/10.1016/j.neuroimage.2016.08.016

Andersson JLR, Sotiropoulos SN. An integrated approach to correction for off-resonance effects
and subject movement in diffusion MR imaging. Neuroimage. 2016;125:1063—78.

https://doi.org/10.1016/j.neuroimage.2015.10.019

Abraham A, Pedregosa F, Eickenberg M, Gervais P, Mueller A, Kossaifi J, et al. Machine
learning for  neuroimaging with scikit-learn. Front Neuroinform. 2014;8.

https://doi.org/10.3389/fninf.2014.00014

Garyfallidis E, Brett M, Amirbekian B, Rokem A, van der Walt S, Descoteaux M, et al. Dipy, a
library for the analysis of diffusion MRI data. Front Neuroinform. 2014;8.

https://doi.org/10.3389/fninf.2014.00008

Garyfallidis E, Coté M-A, Rheault F, Sidhu J, Hau J, Petit L, et al. Recognition of white matter
bundles using local and global streamline-based registration and clustering. Neuroimage.

2018;170:283-95. https://doi.org/10.1016/j.neuroimage.2017.07.015

Urbanski M, Thiebaut de Schotten M, Rodrigo S, Catani M, Oppenheim C, Touze E, et al. Brain
networks of spatial awareness: evidence from diffusion tensor imaging tractography. J Neurol

Neurosurg Psychiatry. 2008;79:598-601. https://doi.org/10.1136/jnnp.2007.126276

42



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

112.

113.

114.

115.

116.

117.

118.

119.

120.

Lindenberg R, Zhu LL, Riber T, Schlaug G. Predicting functional motor potential in chronic
stroke patients using diffusion tensor imaging. Hum Brain Mapp. 2012;33:1040-51.

https://doi.org/10.1002/hbm.21266

Chan L-L, Rumpel H, Yap K, Lee E, Loo H-V, Ho G-L, et al. Case control study of diffusion
tensor imaging in Parkinson’s disease. J Neurol Neurosurg Psychiatry. 2007;78:1383—-6.

https://doi.org/10.1136/jnnp.2007.121525

Lemaire C, Jaillard A, Gornushkina I, Piscicelli C, Dai S, Pichat C, et al. Functional connectivity
within  the network of verticality. Ann Phys Rehabil Med. 2021;64.

https://doi.org/10.1016/j.rehab.2020.101463

Kasikci MT, Koc G. Which repetitive transcranial magnetic stimulation modality affects
vasomotor reactivity in healthy subjects and how long does it last? Somatosens Mot Res.

2020;37. https://doi.org/10.1080/08990220.2020.1828056

Nowakowska-Kotas M, Lisiak W, Wisniewska E, Budrewicz S, Wisniewski P. Breath-holding
index — a new approach to an old method. Eur J Transl Clin Med. 2025;8.

https://doi.org/10.31373/ejtcm/204417

Piedrahita-Alonso E, Valverde-Megias A, Martin-Garcia B, Hernandez-Garcia E, Gomez-de-
Liano R. Minimal detectable change of the disc-fovea angle for ocular torsion assessment.

Ophthalmic and Physiological Optics. 2022;42. https://doi.org/10.1111/0p0.12897

Piedrahita-Alonso E, Lopez-Redondo E, Valverde-Megias A, Felipe-Marquez G, Martin-Garcia
B, Gomez-de-Liano R. Validity and Reliability of 2 Cirrus Optical Coherence Tomography
Procedures for Measuring Objective Ocular Torsion. Am J Ophthalmol. 2025;269.

https://doi.org/10.1016/j.aj0.2024.08.004

Lemos J, Eggenberger E. Clinical utility and assessment of cyclodeviation. Curr. Opin.

Ophthalmol. 2013. https://doi.org/10.1097/ICU.0000000000000003

Hosli S, Straumann D. Independent Measures of Utricular Function: Ocular Vestibular Evoked
Myogenic Potentials Do Not Correlate With Subjective Visual Vertical or Fundus Photographic

Binocular Cyclorotation. Front Neurol. 2021;12. https://doi.org/10.3389/fneur.2021.658419

43



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

121.

122.

123.

124.

125.

126.

127.

128.

129.

Gonzalez-Rodriguez B, Serradell-Ribé N, Viejo-Sobera R, Romero-Mufoz JP, Marron EM.
Transcranial direct current stimulation in neglect rehabilitation after stroke: a systematic review.

J. Neurol. 2022. https://doi.org/10.1007/s00415-022-11338-x

Valiengo L da CL, Goerigk S, Gordon PC, Padberg F, Serpa MH, Koebe S, et al. Efficacy and
Safety of Transcranial Direct Current Stimulation for Treating Negative Symptoms in
Schizophrenia. JAMA Psychiatry. 2020;77:121.

https://doi.org/10.1001/jamapsychiatry.2019.3199

Hsu S-P, Lu C-F, Lin B-F, Tang C-W, Kuo I|-J, Tsai Y-A, et al. Effects of bihemispheric
transcranial direct current stimulation on motor recovery in subacute stroke patients: a double-
blind, randomized sham-controlled  trial. J Neuroeng Rehabil. 2023;20:27.

https://doi.org/10.1186/s12984-023-01153-4

Sunwoo H, Kim YH, Chang WH, Noh S, Kim EJ, Ko MH. Effects of dual transcranial direct
current stimulation on post-stroke unilateral visuospatial neglect. Neurosci Lett. 2013;554:94-8.

https://doi.org/10.1016/j.neulet.2013.08.064

Gammeri R, lacono C, Ricci R, Salatino A. Unilateral Spatial Neglect After Stroke: Current
Insights. Neuropsychiatr Dis Treat. 2020;Volume 16:131-52.

https://doi.org/10.2147/NDT.S171461

Gonzalez-Rodriguez B, Serradell-Ribé N, Viejo-Sobera R, Romero-Mufoz JP, Marron EM.
Transcranial direct current stimulation in neglect rehabilitation after stroke: a systematic review.

J Neurol. 2022;269:6310-29. https://doi.org/10.1007/s00415-022-11338-x

Yelnik AP, Lebreton FO, Bonan | V, Colle FMC, Meurin FA, Guichard JP, et al. Perception of
Verticality After Recent Cerebral. 2012;2247-53.

https://doi.org/10.1161/01.STR.0000027212.26686.48

Lee KE, Choi M, Jeoung B. Effectiveness of Rehabilitation Exercise in Improving Physical
Function of Stroke Patients: A Systematic Review. Int J Environ Res Public Health.

2022;19:12739. https://doi.org/10.3390/ijerph191912739

de Oliveira Cacho R, Cabral Moro CH, Bazan R, da Guarda SNF, Pinto EB, dos Santos Andrade

44



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

130.

131.

132.

133.

134.

135.

136.

137.

SMM, et al. Access to rehabilitation after stroke in Brazil (AReA study): multicenter study

protocol. Arg Neuropsiquiatr. 2022;80. https://doi.org/10.1055/s-0042-1758558

Magalhdes JP, Faria-Fortini |, Menezes KKP, Lara |A, Batista LR, Santanna R, et al.
Determinants of access to rehabilitation professionals by individuals with stroke in the first six
months after hospital discharge in Brazil: a study based on the Andersen model. Top Stroke

Rehabil. 2024; https://doi.org/10.1080/10749357.2024.2304969

Nikolin S, Huggins C, Martin D, Alonzo A, Loo CK. Safety of repeated sessions of transcranial
direct current stimulation: A systematic review. Brain Stimul. 2018;11.

https://doi.org/10.1016/j.brs.2017.10.020

da Silva TR, Luvizutto GJ, Martins LG, da Costa RDM, de Souza JT, Winckler FC, et al. Barriers
to patient recruitment in a poststroke neurorehabilitation multicenter trial in Brazil. Brazilian
Journal of Medical and Biological Research. 2023;56. https://doi.org/10.1590/1414-

431X2023e12326

Puig J, Blasco G, Schlaug G, Stinear CM, Daunis-i-estadella P, Biarnes C, et al. Diffusion tensor
imaging as a prognostic biomarker for motor recovery and rehabilitation after stroke.

Neuroradiology; 2017; https://doi.org/10.1007/s00234-017-1816-0

Lopez C, Mercier MR, Halje P, Blanke O. SPATIOTEMPORAL DYNAMICS OF VISUAL
VERTICAL JUDGMENTS: EARLY AND LATE BRAIN MECHANISMS AS REVEALED BY
HIGH-DENSITY ELECTRICAL NEUROIMAGING. NSC [Internet]. Elsevier Inc.; 2011;181:134—

49. https://doi.org/10.1016/j.neuroscience.2011.02.009

Brandt T, Dieterich M. Skew deviation with ocular torsion: a vestibular brainstem sign of
topographic diagnostic value. Ann Neurol [Internet]. 1993;33:528-34.

https://www.ncbi.nlm.nih.gov/pubmed/8498829

Dieterich M, Brandt T. Thalamic infarctions: differential effects on vestibular function in the roll
plane (35 patients). Neurology [Internet]. 1993;43:1732—-40.

https://www.ncbi.nlm.nih.gov/pubmed/8414023

Brandt T, Dieterich M, Danek A. Vestibular Cortex Lesions Affect the Perception of Verticahty.

45



10

11

12

13

14

15

16

17

18

19

20

138.

139.

140.

141.

142.

Ann Neurol. 1994;35:403—-12. https://doi.org/Brandt, T., Dieterich, M., & Danek, A. (1994).
Vestibular cortex lesions affect the perception of verticality. Annals of Neurology, 35(4), 403—

412. doi:10.1002/ana.410350406

Rodriguez G, Nobili F, De Carli F, Francione S, Marenco S, Celestino MA, et al. Regional
cerebral blood flow in chronic stroke patients. Stroke. 1993;24.

https://doi.org/10.1161/01.STR.24.1.94

Chen Y, Zhao Z, Huang J, Wang T, Qu Y. Computer-aided cognitive training combined with
tDCS can improve post-stroke cognitive impairment and cerebral vasomotor function: a

randomized controlled trial. BMC Neurol. 2024;24. https://doi.org/10.1186/s12883-024-03613-3

Ackah JA, Chen X, Zeng H, Zhong J, Chan JTL, Lo MLC, et al. Cerebrovascular reactivity
metrics as predictors of cognitive performance in healthy ageing: insights from transcranial
colour-coded ultrasound. Ultrasound Journal. 2025;17. https://doi.org/10.1186/s13089-025-

00445-1

El-Hagrassy MM, Duarte D, Thibaut A, Lucena MFG, Fregni F. Principles of Designing a Clinical
Trial:  Optimizing Chances of Trial Success. Curr. Behav. Neurosci. Rep. 2018.

https://doi.org/10.1007/s40473-018-0152-y

Law E, Chatfield K. The undue burdens of clinical trial participation: implications for equity,
diversity, and inclusion. Trials [Internet]. 2026;27:115. https://doi.org/10.1186/s13063-026-

09540-7

46



Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e SPIRIT2025checklistGravNegElectdesign.docx


https://assets-eu.researchsquare.com/files/rs-9237924/v1/ef4fea31a47ff8de48020c3d.docx

	Methods
	Ethics
	Protocol design
	Participants
	The study will include 28 individuals following acute or early sub-acute unihemispheric ischemic stroke (14 subjects per arm; 50% with right hemisphere lesions in each group). Table 1 summarizes the expected sociodemographic characteristics of the stu...
	The study will employ the following exclusion criteria: migraine; pregnancy; cardiac pacemaker or other metal implants; history of seizures; claustrophobia or inability to undergo MRI; other neurological disorders; psychiatric disorders; sensitive sca...
	Participants meeting inclusion and exclusion criteria will be further assessed for the following non-inclusion criteria: left or mixed-handedness (determined by Edinburgh Handedness Inventory); peripheral vestibular deficits identified on neurotologic...
	Table 1. Expected sociodemographic characteristics of the study population.
	Clinical characterisation of participants
	The clinical characterisation of the enrolled participants will comprise the following instruments: National Institutes of Health Stroke Scale (NIHSS); Functional Independence Measure (FIM); Behavioural Inattention Test (BIT); Burke Lateropulsion Scal...
	Intervention
	Randomisation
	Blinding and allocation concealment
	Safety and tolerability
	Data safety and management
	All case report forms, whether paper-based or stored in Research Electronic Data Capture (REDCap), and containing confidential participant information, will be identified only by the participant’s initials and a unique study number. All confidential i...
	Feasibility
	Visual Verticality Perception (primary outcome)
	1. Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, Connor M, Bennett DA, et al. Global and regional burden of stroke during 1990–2010: findings from the Global Burden of Disease Study 2010. The Lancet. 2014;383:245–55. https://doi.org/10.1016/S...
	2. Krishnamurthi R V, Feigin VL, Forouzanfar MH, Mensah GA, Connor M, Bennett DA, et al. Global and regional burden of first-ever ischaemic and haemorrhagic stroke during 1990–2010: findings from the Global Burden of Disease Study 2010. Lancet Glob He...
	3. Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. The Lancet. 2012...
	4. Feigin VL, Lawes CM, Bennett DA, Barker-Collo SL, Parag V. Worldwide stroke incidence and early case fatality reported in 56 population-based studies: a systematic review. Lancet Neurol. 2009;8:355–69. https://doi.org/10.1016/S1474-4422(09)70025-0
	5. Yelnik AP, Lebreton FO, Bonan I V., Colle FMC, Meurin FA, Guichard JP, et al. Perception of verticality after recent cerebral hemispheric stroke. Stroke [Internet]. Stroke; 2002 [cited 2023 Apr 1];33:2247–53. https://doi.org/10.1161/01.STR.00000272...
	6. Pérrenou D. Postural disorders and spatial neglect in stroke patients: A strong association. Restorative Neurology and Neuroscience, vol 24, no 4-6, pp 319-334, 2006. 2006;24:319–34.
	7. Bonan I V., Hubeaux K, Gellez-Leman MC, Guichard JP, Vicaut E, Yelnik AP. Influence of subjective visual vertical misperception on balance recovery after stroke. J Neurol Neurosurg Psychiatry [Internet]. J Neurol Neurosurg Psychiatry; 2007 [cited 2...
	8. Baggio JAO, Mazin SSC, Alessio-Alves FF, Barros CGC, Carneiro AAO, Leite JP, et al. Verticality perceptions associate with postural control and functionality in stroke patients. PLoS One [Internet]. ["Department of Neuroscience and Behavior Science...
	9. Babyar  Suzanne, Sheehan  Nicholas, Nolan  Jessica, Edwards  Taiza G S, Bergmann  Jeannine, Meyer  Amy, et al. A clinical roadmap for lateropulsion after stroke based on a realist review strategy. Clin Rehabil [Internet]. SAGE Publications Ltd STM;...
	10. FRIEDMANN G. THE JUDGEMENT OF THE VISUAL VERTICAL AND HORIZONTAL WITH PERIPHERAL AND CENTRAL VESTIBULAR LESIONS. Brain. 1970;93:313–28. https://doi.org/10.1093/brain/93.2.313
	11. Kheradmand A, Winnick A. Perception of Upright: Multisensory Convergence and the Role of Temporo-Parietal Cortex. Front Neurol. 2017;8. https://doi.org/10.3389/fneur.2017.00552
	12. Pérennou DA, Amblard B, Laassel EM, Benaim C, Hérisson C, Pélissier J. Understanding the pusher behavior of some stroke patients with spatial deficits: A pilot study. Arch Phys Med Rehabil. 2002;83:570–5. https://doi.org/10.1053/apmr.2002.31198
	13. Paci M, Baccini M, Rinaldi LA. Pusher behaviour: A critical review of controversial issues. Disabil Rehabil. 2009;31:249–58. https://doi.org/10.1080/09638280801928002
	14. Babyar SR, McCloskey KH, Reding M. Surface Electromyography of Lumbar Paraspinal Muscles During Seated Passive Tilting of Patients With Lateropulsion Following Stroke. Neurorehabil Neural Repair. 2007;21:127–36. https://doi.org/10.1177/15459683062...
	15. Karnath H-O, Ferber S, Dichgans J. The origin of contraversive pushing: Evidence for a second graviceptive system in humans. Neurology. 2000;55:1298–304. https://doi.org/10.1212/WNL.55.9.1298
	16. Piscicelli C, Pérennou D. Visual verticality perception after stroke: A systematic review of methodological approaches and suggestions for standardization. Ann. Phys. Rehabil. Med. Elsevier Masson SAS; 2017. p. 208–16. https://doi.org/10.1016/j.re...
	17. Rimoli BP, Favoretto DB, Santos LRA, Nascimento DC, Weber KT, Louzada F, et al. Graviceptive neglect induced by HD-tDCS of the right or left temporoparietal junction: A within-person randomized trial in healthy adults. Ann Phys Rehabil Med [Intern...
	18. Perennou DA, Mazibrada G, Chauvineau V, Greenwood R, Rothwell J, Gresty MA, et al. Lateropulsion, pushing and verticality perception in hemisphere stroke: a causal relationship? Brain. 2008;131:2401–13. https://doi.org/10.1093/brain/awn170
	19. van der Waal C, Embrechts E, Loureiro-Chaves R, Gebruers N, Truijen S, Saeys W. Lateropulsion with active pushing in stroke patients: its link with lesion location and the perception of verticality. A systematic review. Top. Stroke Rehabil. 2023. ...
	20. Embrechts E, Waal C Van Der, Anseeuw D, Buijnderen J Van. Association between spatial neglect and impaired verticality perception after stroke : A systematic review. 2022;66. https://doi.org/10.1016/j.rehab.2022.101700
	21. Sharpe JA. What’s up, doc? Altered perception of the haptic, postural, and visual vertical. Neurology [Internet]. Neurology; 2003 [cited 2023 Apr 1];61:1172–3. https://doi.org/10.1212/WNL.61.9.1172
	22. Dieterich M, Brandt T. Ocular torsion and tilt of subjective visual vertical are sensitive brainstem signs. Ann Neurol. 2004;33:292–9. https://doi.org/10.1002/ana.410330311
	23. Dieterich M, Brandt T. Perception of Verticality and Vestibular Disorders of Balance and Falls. Front Neurol. 2019;10. https://doi.org/10.3389/fneur.2019.00172
	24. BRONSTEIN AM. The Interaction of Otolith and Proprioceptive Information in the Perception of Verticality: The Effects of Labyrinthine and CNS Disease. Ann N Y Acad Sci. 1999;871:324–33. https://doi.org/10.1111/j.1749-6632.1999.tb09195.x
	25. Bonan I V., Leman MC, Legargasson JF, Guichard JP, Yelnik AP. Evolution of Subjective Visual Vertical Perturbation After Stroke. Neurorehabil Neural Repair. 2006;20:484–91. https://doi.org/10.1177/1545968306289295
	26. Dai S, Piscicelli C, Clarac E, Baciu M, Hommel M, Pérennou D. Balance, Lateropulsion, and Gait Disorders in Subacute Stroke. Neurology. 2021;96:e2147–59. https://doi.org/10.1212/WNL.0000000000011152
	27. Nitsche MA, Paulus W. Excitability changes induced in the human motor cortex by weak transcranial direct current stimulation. J Physiol. 2000;527:633–9. https://doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
	28. Nitsche MA, Paulus W. Sustained excitability elevations induced by transcranial DC motor cortex stimulation in humans. Neurology. 2001;57:1899–901. https://doi.org/10.1212/WNL.57.10.1899
	29. Rawji V, Ciocca M, Zacharia A, Soares D, Truong D, Bikson M, et al. tDCS changes in motor excitability are specific to orientation of current flow. Brain Stimul. 2018;11:289–98. https://doi.org/10.1016/j.brs.2017.11.001
	30. Sale M V., Mattingley JB, Zalesky A, Cocchi L. Imaging human brain networks to improve the clinical efficacy of non-invasive brain stimulation. Neurosci Biobehav Rev. 2015;57:187–98. https://doi.org/10.1016/j.neubiorev.2015.09.010
	31. Siebner HR, Hartwigsen G, Kassuba T, Rothwell JC. How does transcranial magnetic stimulation modify neuronal activity in the brain? Implications for studies of cognition. Cortex. 2009;45:1035–42. https://doi.org/10.1016/j.cortex.2009.02.007
	32. Giglia G, Mattaliano P, Puma A, Rizzo S, Fierro B, Brighina F. Neglect-like effects induced by tDCS modulation of posterior parietal cortices in healthy subjects. Brain Stimul. 2011;4:294–9. https://doi.org/10.1016/j.brs.2011.01.003
	33. Andres M, Masson N, Larigaldie N, Bonato M, Vandermeeren Y, Dormal V. Transcranial electric stimulation optimizes the balance of visual attention across space. Clinical Neurophysiology. 2020;131:912–20. https://doi.org/10.1016/j.clinph.2019.12.415
	34. Rothwell J. Transcranial brain stimulation: Past and future. Brain Neurosci Adv. 2018;2:239821281881807. https://doi.org/10.1177/2398212818818070
	35. Weissman-Fogel I, Granovsky Y. The “virtual lesion” approach to transcranial magnetic stimulation: studying the brain–behavioral relationships in experimental pain. Pain Rep. 2019;4:e760. https://doi.org/10.1097/PR9.0000000000000760
	36. Pollok B, Schmitz-Justen C, Krause V. Cathodal Transcranial Direct Current Stimulation (tDCS) Applied to the Left Premotor Cortex Interferes with Explicit Reproduction of a Motor Sequence. Brain Sci. 2021;11:207. https://doi.org/10.3390/brainsci11...
	37. Pascual-Leone A, Bartres-Faz D, Keenan JP. Transcranial magnetic stimulation: Studying the brain-behaviour relationship by induction of “virtual lesions.” Philosophical Transactions of the Royal Society B: Biological Sciences. 1999;354. https://do...
	38. Heinen K, Ruff CC, Bjoertomt O, Schenkluhn B, Bestmann S, Blankenburg F, et al. Concurrent TMS-fMRI reveals dynamic interhemispheric influences of the right parietal cortex during exogenously cued visuospatial attention. European Journal of Neuros...
	39. Brancaccio A, Lanza CM, Schintu S. Investigating the attentional state dependency of interhemispheric interactions - a TMS-EEG study. Brain Stimul. 2026. https://doi.org/10.1016/j.brs.2025.103011
	40. Zebhauser PT, Vernet M, Unterburger E, Brem AK. Visuospatial Neglect - a Theory-Informed Overview of Current and Emerging Strategies and a Systematic Review on the Therapeutic Use of Non-invasive Brain Stimulation. Neuropsychol. Rev. 2019. https:/...
	41. Pascual-Leone A, Gomez-Tortosa E, Grafman J, Alway D, Nichelli P, Hallett M. Induction of visual extinction by rapid-rate transcranial magnetic stimulation of parietal lobe. Neurology [Internet]. Neurology; 1994 [cited 2023 Apr 1];44:494–8. https:...
	42. Pascual-Leone A, Bartres-Faz D, Keenan JP. Transcranial magnetic stimulation: studying the brain-behaviour relationship by induction of “virtual lesions.” Philos Trans R Soc Lond B Biol Sci [Internet]. Philos Trans R Soc Lond B Biol Sci; 1999 [cit...
	43. Ellison A, Schindler I, Pattison LL, Milner AD. An exploration of the role of the superior temporal gyrus in visual search and spatial perception using TMS. Brain [Internet]. Brain; 2004 [cited 2023 Apr 1];127:2307–15. https://doi.org/10.1093/BRAI...
	44. Sunwoo H, Kim Y-H, Chang WH, Noh S, Kim E-J, Ko M-H. Effects of dual transcranial direct current stimulation on post-stroke unilateral visuospatial neglect. Neurosci Lett. 2013;554:94–8. https://doi.org/10.1016/j.neulet.2013.08.064
	45. Gammeri R, Iacono C, Ricci R, Salatino A. Unilateral Spatial Neglect After Stroke: Current Insights. Neuropsychiatr Dis Treat. 2020;Volume 16:131–52. https://doi.org/10.2147/NDT.S171461
	46. Santos-Pontelli TEG RBPFDBMSCTDQLJPP-NOMBSRRMBM, Edwards DJ. Polarity-dependent misperception of subjective visual vertical during and after transcranial direct current stimulation (tDCS). PLoS One. 11.
	47. Favoretto DB, Santos TEG, Favoretto DB, Toostani IG, Taylor P. Manipulation of Human Verticality Using High-Definition Transcranial Direct Manipulation of Human Verticality Using High-Definition Transcranial Direct Current Stimulation. 2018; https...
	48. Santos TEG, Edwards DJ. Non-invasive brain stimulation to treat disorders of human verticality. Neurologie und Rehabilitation. Hippocampus Verlag; 2019;25:S50–3. https://doi.org/10.14624/NR1904011
	49. Babyar S, Santos-Pontelli T, Will-Lemos T, Mazin S, Bikson M, Truong DQ, et al. Center of Pressure Speed Changes with tDCS Versus GVS in Patients with Lateropulsion after Stroke. Brain Stimul. 2016; https://doi.org/10.1016/j.brs.2016.06.053
	50. Reding M, Babyar S, Santos-Pontelli T, Lemos T, Edwards D. Parietal-Insular-Vestibular tDCS for Treatment of Lateropulsion Following Stroke. Brain Stimul. 2017;10. https://doi.org/10.1016/j.brs.2016.11.032
	51. Nascimento DC, Depetri G, Stefano LH, Anacleto O, Leite JP, Edwards DJ, et al. Entropy analysis of high-definition transcranial electric stimulation effects on EEG dynamics. Brain Sci. 2019;9. https://doi.org/10.3390/brainsci9080208
	52. Nascimento DC, Pimentel B, Souza R, Leite JP, Edwards DJ, Santos TEG, et al. Dynamic time series smoothing for symbolic interval data applied to neuroscience. Inf Sci (N Y). 2020;517. https://doi.org/10.1016/j.ins.2019.12.026
	53. Donaldson PH, Rinehart NJ, Enticott PG. Noninvasive stimulation of the temporoparietal junction: A systematic review. Neurosci Biobehav Rev. 2015;55:547–72. https://doi.org/10.1016/j.neubiorev.2015.05.017
	54. Baier B, Suchan J, Karnath H-O, Dieterich M. Neural correlates of disturbed perception of verticality. Neurology. 2012;78:728–35. https://doi.org/10.1212/WNL.0b013e318248e544
	55. Kheradmand A, Lasker A, Zee DS. Transcranial Magnetic Stimulation (TMS) of the Supramarginal Gyrus: A Window to Perception of Upright. Cerebral Cortex. 2015;25:765–71. https://doi.org/10.1093/cercor/bht267
	56. Pérennou DA, Leblond C, Amblard B, Micallef JP, Rouget E, Pélissier J. The polymodal sensory cortex is crucial for controlling lateral postural stability: evidence from stroke patients. Brain Res Bull. 2000;53:359–65. https://doi.org/10.1016/S0361...
	57. Baier B, Janzen J, Müller-Forell W, Fechir M, Müller N, Dieterich M. Pusher syndrome: its cortical correlate. J Neurol. 2012;259:277–83. https://doi.org/10.1007/s00415-011-6173-z
	58. Brandt T, Dieterich M. Perceived Vertical and Lateropulsion: Clinical Syndromes, Localization, and Prognosis. Neurorehabil Neural Repair. 2000;14:1–12. https://doi.org/10.1177/154596830001400101
	59. Karnath H-O, Johannsen L, Broetz D, Kuker W. Posterior thalamic hemorrhage induces “pusher syndrome.” Neurology. 2005;64:1014–9. https://doi.org/10.1212/01.WNL.0000154527.72841.4A
	60. Santos-Pontelli TEG, Pontes-Neto OM, Araujo DB de, Santos AC dos, Leite JP. Neuroimaging in stroke and non-stroke pusher patients. Arq Neuropsiquiatr. 2011;69:914–9. https://doi.org/10.1590/S0004-282X2011000700013
	61. Babyar S, Santos-Pontelli T, Will-Lemos T, Mazin S, Bikson M, Truong DQ, et al. Center of Pressure Speed Changes with tDCS Versus GVS in Patients with Lateropulsion after Stroke. Brain Stimul. 2016;9:796–8. https://doi.org/10.1016/j.brs.2016.06.053
	62. Nasseri P, Nitsche MA, Ekhtiari H. A framework for categorizing electrode montages in transcranial direct current stimulation. Front Hum Neurosci. 2015;9. https://doi.org/10.3389/fnhum.2015.00054
	63. Datta A, Truong D, Minhas P, Parra LC, Bikson M. Inter-Individual Variation during Transcranial Direct Current Stimulation and Normalization of Dose Using MRI-Derived Computational Models. Front Psychiatry. 2012;3. https://doi.org/10.3389/fpsyt.20...
	64. Edwards D, Cortes M, Datta A, Minhas P, Wassermann EM, Bikson M. Physiological and modeling evidence for focal transcranial electrical brain stimulation in humans: A basis for high-definition tDCS. Neuroimage. 2013;74:266–75. https://doi.org/10.10...
	65. Kuo H-I, Bikson M, Datta A, Minhas P, Paulus W, Kuo M-F, et al. Comparing Cortical Plasticity Induced by Conventional and High-Definition 4 × 1 Ring tDCS: A Neurophysiological Study. Brain Stimul. 2013;6:644–8. https://doi.org/10.1016/j.brs.2012.0...
	66. Santos TEG, Favoretto DB, Toostani IG, Nascimento DC, Rimoli BP, Bergonzoni E, et al. Manipulation of Human Verticality Using High-Definition Transcranial Direct Current Stimulation. Front Neurol [Internet]. 2018;9. https://doi.org/10.3389/fneur.2...
	67. Rimoli BP, Favoretto DB, Santos LRA, Nascimento DC, Weber KT, Louzada F, et al. Graviceptive neglect induced by HD-tDCS of the right or left temporoparietal junction: A within-person randomized trial in healthy adults. Ann. Phys. Rehabil. Med. Els...
	68. Kheradmand A, Winnick A. Perception of upright: Multisensory convergence and the role of temporo-parietal cortex. Front Neurol. Frontiers Media S.A.; 2017;8. https://doi.org/10.3389/fneur.2017.00552
	69. Pérennou D, Piscicelli C, Barbieri G, Jaeger M, Marquer A, Barra J. Measuring verticality perception after stroke: Why and how? Neurophysiologie Clinique. 2014. p. 25–32. https://doi.org/10.1016/j.neucli.2013.10.131
	70. Pérennou DA, Mazibrada G, Chauvineau V, Greenwood R, Rothwell J, Gresty MA, et al. Lateropulsion, pushing and verticality perception in hemisphere stroke: A causal relationship? Brain. 2008;131:2401–13. https://doi.org/10.1093/brain/awn170
	71. Barra J, Marquer A, Joassin R, Reymond C, Metge L, Chauvineau V, et al. Humans use internal models to construct and update a sense of verticality. Brain [Internet]. ["Laboratoire de Psychologie et Neuropsychologie Cognitive, Université Paris Desca...
	72. Sharpe JA, Kumar S, Sundaram AN. Ocular torsion and vertical misalignment. Curr Opin Neurol [Internet]. Division of Neurology, University Health Network, University of Toronto, Toronto, ON, Canada; 2011;24:18–24. https://www.scopus.com/inward/reco...
	73. Dieterich M, Brandt T. Ocular torsion and tilt of subjective visual vertical are sensitive brainstem signs. Ann Neurol. 1993;33. https://doi.org/10.1002/ana.410330311
	74. Otero-millan J, Kheradmand A. Upright Perception and Ocular Torsion Change Independently during Head Tilt. 2016;10:1–9. https://doi.org/10.3389/fnhum.2016.00573
	75. Otero-Millan J, Winnick A, Kheradmand A. Exploring the role of temporoparietal cortex in upright perception and the link with torsional eye position. Front Neurol. 2018;9. https://doi.org/10.3389/fneur.2018.00192
	76. Santos TEG, Baggio JAO, Rondinoni C, Machado L, Weber KT, Stefano LH, et al. Fractional Anisotropy of Thalamic Nuclei Is Associated With Verticality Misperception After Extra-Thalamic Stroke. Front Neurol. 2019;10. https://doi.org/10.3389/fneur.20...
	77. Glasauer S, Dieterich M, Brandt T. Neuronal network-based mathematical modeling of perceived verticality in acute unilateral vestibular lesions: from nerve to thalamus and cortex. J Neurol. 2018;265:101–12. https://doi.org/10.1007/s00415-018-8909-5
	78. Nyffeler T, Vanbellingen T, Kaufmann BC, Pflugshaupt T, Bauer D, Frey J, et al. Theta burst stimulation in neglect after stroke: functional outcome and response variability origins. Brain. 2019;142:992–1008. https://doi.org/10.1093/brain/awz029
	79. Chechlacz M, Humphreys GW, Sotiropoulos SN, Kennard C, Cazzoli D. Structural Organization of the Corpus Callosum Predicts Attentional Shifts after Continuous Theta Burst Stimulation. The Journal of Neuroscience. 2015;35:15353–68. https://doi.org/1...
	80. Bortoletto M, Bonzano L, Zazio A, Ferrari C, Pedullà L, Gasparotti R, et al. Asymmetric transcallosal conduction delay leads to finer bimanual coordination. Brain Stimul. 2021;14:379–88. https://doi.org/10.1016/j.brs.2021.02.002
	81. Schintu S, Cunningham CA, Freedberg M, Taylor P, Gotts SJ, Shomstein S, et al. Callosal anisotropy predicts attentional network changes after parietal inhibitory stimulation. Neuroimage. 2021;226:117559. https://doi.org/10.1016/j.neuroimage.2020.1...
	82. Cazzoli D, Chechlacz M. A matter of hand: Causal links between hand dominance, structural organization of fronto-parietal attention networks, and variability in behavioural responses to transcranial magnetic stimulation. Cortex. 2017;86:230–46. ht...
	83. Lu H, Gallinaro J V., Rotter S. Network remodeling induced by transcranial brain stimulation: A computational model of tDCS-triggered cell assembly formation. Network Neuroscience. 2019;3. https://doi.org/10.1162/netn_a_00097
	84. Jog MA, Anderson C, Kubicki A, Boucher M, Leaver A, Hellemann G, et al. Transcranial direct current stimulation (tDCS) in depression induces structural plasticity. Sci Rep. 2023;13. https://doi.org/10.1038/s41598-023-29792-6
	85. Bahr-Hosseini M, Bikson M. Neurovascular-modulation: A review of primary vascular responses to transcranial electrical stimulation as a mechanism of action. Brain Stimul [Internet]. Elsevier Ltd; 2021;14:837–47. https://doi.org/10.1016/j.brs.2021....
	86. Iyer PC, Madhavan S. Non-invasive brain stimulation in the modulation of cerebral blood flow after stroke: A systematic review of Transcranial Doppler studies. Clinical Neurophysiology. 2018;129. https://doi.org/10.1016/j.clinph.2018.09.019
	87. Stefano LHS, Favoretto DB, Nascimento DC, Santos LRA, Louzada F, Bikson M, et al. Middle cerebral artery blood flow stability in response to high-definition transcranial electrical stimulation: A randomized sham-controlled clinical trial. Clin Neu...
	88. Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample size for a pilot randomised trial to minimise the overall trial sample size for the external pilot and main trial for a continuous outcome variable. Stat Methods Med Res. 2016...
	89. Santos TEG, Favoretto DB, Toostani IG, Nascimento DC, Rimoli BP, Bergonzoni E, et al. Manipulation of Human Verticality Using High-Definition Transcranial Direct Current Stimulation. Front Neurol. 2018;9. https://doi.org/10.3389/fneur.2018.00825
	90. Reckow J, Rahman-Filipiak A, Garcia S, Schlaefflin S, Calhoun O, DaSilva AF, et al. Tolerability and blinding of 4x1 high-definition transcranial direct current stimulation (HD-tDCS) at two and three milliamps. Brain Stimul. 2018;11:991–7. https:/...
	91. Chhatbar PY, Chen R, Deardorff R, Dellenbach B, Kautz SA, George MS, et al. Safety and tolerability of transcranial direct current stimulation to stroke patients – A phase I current escalation study. Brain Stimul. 2017;10:553–9. https://doi.org/10...
	92. Antal A, Alekseichuk I, Bikson M, Brockmöller J, Brunoni AR, Chen R, et al. Low intensity transcranial electric stimulation: Safety, ethical, legal regulatory and application guidelines. Clinical Neurophysiology. 2017;128:1774–809. https://doi.org...
	93. Zwergal A, Rettinger N, Frenzel C, Dieterich M, Brandt T, Strupp M. A bucket of static vestibular function. Neurology. 2009;72:1689–92. https://doi.org/10.1212/WNL.0b013e3181a55ecf
	94. Schulz KF, Grimes DA. Multiplicity in randomised trials I: endpoints and treatments. The Lancet. 2005;365:1591–5. https://doi.org/10.1016/S0140-6736(05)66461-6
	95. Bakdash JZ, Marusich LR. Corrigendum: Repeated Measures Correlation. Front Psychol. 2019;10. https://doi.org/10.3389/fpsyg.2019.01201
	96. Bakdash JZ, Marusich LR. Repeated Measures Correlation. Front Psychol. 2017;8. https://doi.org/10.3389/fpsyg.2017.00456
	97. Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a practical primer for t-tests and ANOVAs. Front Psychol. 2013;4. https://doi.org/10.3389/fpsyg.2013.00863
	98. Whitfield-Gabrieli S, Nieto-Castanon A. Conn: A Functional Connectivity Toolbox for Correlated and Anticorrelated Brain Networks. Brain Connect. 2012;2. https://doi.org/10.1089/brain.2012.0073
	99. Yeatman JD, Wandell BA, Mezer AA. Lifespan maturation and degeneration of human brain white matter. Nat Commun. 2014;5:4932. https://doi.org/10.1038/ncomms5932
	100. Rousseaux M, Braem B, Honoré J, Saj A. An anatomical and psychophysical comparison of subjective verticals in patients with right brain damage. Cortex. 2015;69:60–7. https://doi.org/10.1016/j.cortex.2015.04.004
	101. de Haan B, Karnath H-O. A hitchhiker’s guide to lesion-behaviour mapping. Neuropsychologia. 2018;115:5–16. https://doi.org/10.1016/j.neuropsychologia.2017.10.021
	102. Gorgolewski K, Burns CD, Madison C, Clark D, Halchenko YO, Waskom ML, et al. Nipype: A Flexible, Lightweight and Extensible Neuroimaging Data Processing Framework in Python. Front Neuroinform. 2011;5. https://doi.org/10.3389/fninf.2011.00013
	103. Tustison NJ, Avants BB, Cook PA, Yuanjie Zheng, Egan A, Yushkevich PA, et al. N4ITK: Improved N3 Bias Correction. IEEE Trans Med Imaging. 2010;29:1310–20. https://doi.org/10.1109/TMI.2010.2046908
	104. AVANTS B, EPSTEIN C, GROSSMAN M, GEE J. Symmetric diffeomorphic image registration with cross-correlation: Evaluating automated labeling of elderly and neurodegenerative brain. Med Image Anal. 2008;12:26–41. https://doi.org/10.1016/j.media.2007.0...
	105. Zhang Y, Brady M, Smith S. Segmentation of brain MR images through a hidden Markov random field model and the expectation-maximization algorithm. IEEE Trans Med Imaging. 2001;20:45–57. https://doi.org/10.1109/42.906424
	106. Veraart J, Novikov DS, Christiaens D, Ades-aron B, Sijbers J, Fieremans E. Denoising of diffusion MRI using random matrix theory. Neuroimage. 2016;142:394–406. https://doi.org/10.1016/j.neuroimage.2016.08.016
	107. Andersson JLR, Sotiropoulos SN. An integrated approach to correction for off-resonance effects and subject movement in diffusion MR imaging. Neuroimage. 2016;125:1063–78. https://doi.org/10.1016/j.neuroimage.2015.10.019
	108. Abraham A, Pedregosa F, Eickenberg M, Gervais P, Mueller A, Kossaifi J, et al. Machine learning for neuroimaging with scikit-learn. Front Neuroinform. 2014;8. https://doi.org/10.3389/fninf.2014.00014
	109. Garyfallidis E, Brett M, Amirbekian B, Rokem A, van der Walt S, Descoteaux M, et al. Dipy, a library for the analysis of diffusion MRI data. Front Neuroinform. 2014;8. https://doi.org/10.3389/fninf.2014.00008
	110. Garyfallidis E, Côté M-A, Rheault F, Sidhu J, Hau J, Petit L, et al. Recognition of white matter bundles using local and global streamline-based registration and clustering. Neuroimage. 2018;170:283–95. https://doi.org/10.1016/j.neuroimage.2017.0...
	111. Urbanski M, Thiebaut de Schotten M, Rodrigo S, Catani M, Oppenheim C, Touze E, et al. Brain networks of spatial awareness: evidence from diffusion tensor imaging tractography. J Neurol Neurosurg Psychiatry. 2008;79:598–601. https://doi.org/10.113...
	112. Lindenberg R, Zhu LL, Rüber T, Schlaug G. Predicting functional motor potential in chronic stroke patients using diffusion tensor imaging. Hum Brain Mapp. 2012;33:1040–51. https://doi.org/10.1002/hbm.21266
	113. Chan L-L, Rumpel H, Yap K, Lee E, Loo H-V, Ho G-L, et al. Case control study of diffusion tensor imaging in Parkinson’s disease. J Neurol Neurosurg Psychiatry. 2007;78:1383–6. https://doi.org/10.1136/jnnp.2007.121525
	114. Lemaire C, Jaillard A, Gornushkina I, Piscicelli C, Dai S, Pichat C, et al. Functional connectivity within the network of verticality. Ann Phys Rehabil Med. 2021;64. https://doi.org/10.1016/j.rehab.2020.101463
	115. Kasikci MT, Koc G. Which repetitive transcranial magnetic stimulation modality affects vasomotor reactivity in healthy subjects and how long does it last? Somatosens Mot Res. 2020;37. https://doi.org/10.1080/08990220.2020.1828056
	116. Nowakowska-Kotas M, Lisiak W, Wiśniewska E, Budrewicz S, Wiśniewski P. Breath-holding index – a new approach to an old method. Eur J Transl Clin Med. 2025;8. https://doi.org/10.31373/ejtcm/204417
	117. Piedrahita-Alonso E, Valverde-Megias A, Martin-Garcia B, Hernandez-Garcia E, Gomez-de-Liano R. Minimal detectable change of the disc-fovea angle for ocular torsion assessment. Ophthalmic and Physiological Optics. 2022;42. https://doi.org/10.1111/...
	118. Piedrahita-Alonso E, López-Redondo E, Valverde-Megías A, Felipe-Márquez G, Martín-García B, Gomez-de-Liano R. Validity and Reliability of 2 Cirrus Optical Coherence Tomography Procedures for Measuring Objective Ocular Torsion. Am J Ophthalmol. 20...
	119. Lemos J, Eggenberger E. Clinical utility and assessment of cyclodeviation. Curr. Opin. Ophthalmol. 2013. https://doi.org/10.1097/ICU.0000000000000003
	120. Hösli S, Straumann D. Independent Measures of Utricular Function: Ocular Vestibular Evoked Myogenic Potentials Do Not Correlate With Subjective Visual Vertical or Fundus Photographic Binocular Cyclorotation. Front Neurol. 2021;12. https://doi.org...
	121. González-Rodriguez B, Serradell-Ribé N, Viejo-Sobera R, Romero-Muñoz JP, Marron EM. Transcranial direct current stimulation in neglect rehabilitation after stroke: a systematic review. J. Neurol. 2022. https://doi.org/10.1007/s00415-022-11338-x
	122. Valiengo L da CL, Goerigk S, Gordon PC, Padberg F, Serpa MH, Koebe S, et al. Efficacy and Safety of Transcranial Direct Current Stimulation for Treating Negative Symptoms in Schizophrenia. JAMA Psychiatry. 2020;77:121. https://doi.org/10.1001/jam...
	123. Hsu S-P, Lu C-F, Lin B-F, Tang C-W, Kuo I-J, Tsai Y-A, et al. Effects of bihemispheric transcranial direct current stimulation on motor recovery in subacute stroke patients: a double-blind, randomized sham-controlled trial. J Neuroeng Rehabil. 20...
	124. Sunwoo H, Kim YH, Chang WH, Noh S, Kim EJ, Ko MH. Effects of dual transcranial direct current stimulation on post-stroke unilateral visuospatial neglect. Neurosci Lett. 2013;554:94–8. https://doi.org/10.1016/j.neulet.2013.08.064
	125. Gammeri R, Iacono C, Ricci R, Salatino A. Unilateral Spatial Neglect After Stroke: Current Insights. Neuropsychiatr Dis Treat. 2020;Volume 16:131–52. https://doi.org/10.2147/NDT.S171461
	126. González-Rodriguez B, Serradell-Ribé N, Viejo-Sobera R, Romero-Muñoz JP, Marron EM. Transcranial direct current stimulation in neglect rehabilitation after stroke: a systematic review. J Neurol. 2022;269:6310–29. https://doi.org/10.1007/s00415-02...
	127. Yelnik AP, Lebreton FO, Bonan I V, Colle FMC, Meurin FA, Guichard JP, et al. Perception of Verticality After Recent Cerebral. 2012;2247–53. https://doi.org/10.1161/01.STR.0000027212.26686.48
	128. Lee KE, Choi M, Jeoung B. Effectiveness of Rehabilitation Exercise in Improving Physical Function of Stroke Patients: A Systematic Review. Int J Environ Res Public Health. 2022;19:12739. https://doi.org/10.3390/ijerph191912739
	129. de Oliveira Cacho R, Cabral Moro CH, Bazan R, da Guarda SNF, Pinto EB, dos Santos Andrade SMM, et al. Access to rehabilitation after stroke in Brazil (AReA study): multicenter study protocol. Arq Neuropsiquiatr. 2022;80. https://doi.org/10.1055/s...
	130. Magalhães JP, Faria-Fortini I, Menezes KKP, Lara IA, Batista LR, Sant’anna R, et al. Determinants of access to rehabilitation professionals by individuals with stroke in the first six months after hospital discharge in Brazil: a study based on th...
	131. Nikolin S, Huggins C, Martin D, Alonzo A, Loo CK. Safety of repeated sessions of transcranial direct current stimulation: A systematic review. Brain Stimul. 2018;11. https://doi.org/10.1016/j.brs.2017.10.020
	132. da Silva TR, Luvizutto GJ, Martins LG, da Costa RDM, de Souza JT, Winckler FC, et al. Barriers to patient recruitment in a poststroke neurorehabilitation multicenter trial in Brazil. Brazilian Journal of Medical and Biological Research. 2023;56. ...
	133. Puig J, Blasco G, Schlaug G, Stinear CM, Daunis-i-estadella P, Biarnes C, et al. Diffusion tensor imaging as a prognostic biomarker for motor recovery and rehabilitation after stroke. Neuroradiology; 2017; https://doi.org/10.1007/s00234-017-1816-0
	134. Lopez C, Mercier MR, Halje P, Blanke O. SPATIOTEMPORAL DYNAMICS OF VISUAL VERTICAL JUDGMENTS : EARLY AND LATE BRAIN MECHANISMS AS REVEALED BY HIGH-DENSITY ELECTRICAL NEUROIMAGING. NSC [Internet]. Elsevier Inc.; 2011;181:134–49. https://doi.org/10...
	135. Brandt T, Dieterich M. Skew deviation with ocular torsion: a vestibular brainstem sign of topographic diagnostic value. Ann Neurol [Internet]. 1993;33:528–34. https://www.ncbi.nlm.nih.gov/pubmed/8498829
	136. Dieterich M, Brandt T. Thalamic infarctions: differential effects on vestibular function in the roll plane (35 patients). Neurology [Internet]. 1993;43:1732–40. https://www.ncbi.nlm.nih.gov/pubmed/8414023
	137. Brandt T, Dieterich M, Danek A. Vestibular Cortex Lesions Affect the Perception of Verticahty. Ann Neurol. 1994;35:403–12. https://doi.org/Brandt, T., Dieterich, M., & Danek, A. (1994). Vestibular cortex lesions affect the perception of verticali...
	138. Rodriguez G, Nobili F, De Carli F, Francione S, Marenco S, Celestino MA, et al. Regional cerebral blood flow in chronic stroke patients. Stroke. 1993;24. https://doi.org/10.1161/01.STR.24.1.94
	139. Chen Y, Zhao Z, Huang J, Wang T, Qu Y. Computer-aided cognitive training combined with tDCS can improve post-stroke cognitive impairment and cerebral vasomotor function: a randomized controlled trial. BMC Neurol. 2024;24. https://doi.org/10.1186/...
	140. Ackah JA, Chen X, Zeng H, Zhong J, Chan JTL, Lo MLC, et al. Cerebrovascular reactivity metrics as predictors of cognitive performance in healthy ageing: insights from transcranial colour-coded ultrasound. Ultrasound Journal. 2025;17. https://doi....
	141. El-Hagrassy MM, Duarte D, Thibaut A, Lucena MFG, Fregni F. Principles of Designing a Clinical Trial: Optimizing Chances of Trial Success. Curr. Behav. Neurosci. Rep. 2018. https://doi.org/10.1007/s40473-018-0152-y
	142. Law E, Chatfield K. The undue burdens of clinical trial participation: implications for equity, diversity, and inclusion. Trials [Internet]. 2026;27:115. https://doi.org/10.1186/s13063-026-09540-7


  BHI   =   Vapnea − Vstart    Vstart − tapnea   x 100


  BCR   =   CR   right   eye   −   CR   left   eye 2

