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Abstract: Attention focus affects performance in postural control while standing, and it is divided
into internal focus (IF) and external focus (EF). Each individual has a predominant attention focus,
and research has revealed that the dominance of attention focus may be an acquired trait. However,
the impact of non-invasive brain stimulation on attention-focus dominance remains unexplored in
the current literature. Here, we examined the effect of high-definition transcranial alternating current
stimulation (HD-tACS) on 8 waves in the anterior cingulate cortex (ACC) on standing postural
control tasks in an EF condition for IF- and EF-dominant groups. The effect of 8 HD-tACS on the ACC
differed between IF- and EF-dominant groups, and 6 HD-tACS in the IF-dominant group decreased
the performance of standing postural control under the EF condition. The forced activation of the ACC
with 6 HD-tACS may have conversely reduced the activity of brain regions normally activated by the
IF-dominant group. Additionally, the activation of ACC prioritized visual information processing
and suppressed the superficial sensory processing that is normally potentially prioritized by the
IF-dominant group. These results highlight the importance of changing the type of rehabilitation and
sports training tasks to account for the individual’s dominance of attention focus.

Keywords: attention focus; dominance; standing postural control; HD-tACS; anterior cingulate cortex

1. Introduction

When performing an action, attention focus plays a crucial role in directing the at-
tention of an individual [1]. Attention focus can be categorized into two types, namely
internal focus (IF), directing attention toward the inside of the body, and external focus (EF),
directing attention towards the outside of the body. Previous studies have reported that EF
conditions improve performance and have a greater motor learning effect when compared
to IF conditions for the same task [2,3]. The effectiveness of EF has been examined in a
variety of tasks that require accuracy, such as throwing darts [4] and putting in golf [5].
Furthermore, the effectiveness of EF has been demonstrated in standing postural control,
using a stabilometer to measure the sway in center-of-gravity, resulting in a smaller sway
with EF compared to that with IF [6]. Thus, the many positive effects of EF compared to IF
have been reported.

Recent studies have verified the dominance of attention focus and identified two
groups, namely the IF-dominant and EF-dominant groups, with positive effects on perfor-
mance and motor learning when IF- or EF-dominant individuals utilize their dominant
method of focus. The factors influencing the dominance of attention focus have also been
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examined. Studies using an upper extremity tracking task have reported that the character-
istics of motor imagery ability [7], primary somatosensory cortex responses to visual and
somatosensory information [8], and brain activity [9] influence the dominance of attention
focus. A study comparing electroencephalogram (EEG) activity during standing postu-
ral control revealed that the IF-dominant group activated the theta waves in the inferior
parietal lobule and the EF-dominant group activated theta waves in the anterior cingulate
cortex (ACC) [10]. These findings indicate that each individual has a predominant attention
focus, and the neural mechanisms of this focus have been studied. Additionally, past sports
experience has been found to be associated with dominance in attention-focus type, with
IF-dominant individuals having experienced sports in their childhood that did not involve
tools, such as karate and judo, and EF-dominant individuals having experienced sports
that used tools, such as soccer and tennis [7]. This suggests that the dominance of attention
focus may be an acquired trait. However, no studies have investigated approaches to
change the dominance of attention focus.

Non-invasive brain stimulation methods have gained attention as they can directly
modulate brain activity to improve performance. Among them, transcranial alternating
current stimulation (tACS) has been reported to locally modulate brain activity in a specific
frequency band [11]. In addition, tACS has been reported to temporarily change cognitive
function [12] and physical performance [13]. Researchers also found tACS in the theta
frequency band to the midfrontal area increased immersion in virtual reality [14] and
improved post-error behavioral coordination [15,16]. It has also been shown to improve
working memory [17,18], memory capacity [19], and fluid intelligence [20]. More recently,
high-definition tACS (HD-tACS) has been used to improve the effect of tACS. While tACS
uses rectangular electrodes from 20-50 cm? in area, HD-tACS uses electrodes as small as
3.14 cm? to induce a more localized modulation of brain activity [21]. Therefore, HD-tACS
has the potential to modulate brain activity with more precision, allowing researchers to
draw more accurate data.

Past research suggests that local brain stimulation using HD-tACS could modulate the
activity of brain regions related to attention-focus dominance and potentially alter this phe-
nomenon. Additionally, modifying attention-focus dominance may enable the induction of
the optimal attention-focus dominance in accordance with the specific sports category or
rehabilitation task, amplifying the training effect under attention-focus conditions. How-
ever, thus far, the influence of non-invasive brain stimulation on attention-focus dominance
has not been well examined in the literature. Therefore, the purpose of this study was to
examine the effects of 6 HD-tACS to ACC on standing postural control in IF-dominant and
EF-dominant groups under EF conditions. In this study, we hypothesized that the effects of
8 HD-tACS on the IF-dominant and EF-dominant groups would differ and that 8 HD-tACS
applied to the IF-dominant group would improve their ability to control standing posture
under EF conditions. We predicted that the 8 HD-tACS would alter attention-focus domi-
nance by inducing EEG patterns similar to those of the EF-dominant group. It is anticipated
that this study will contribute to the development of a novel intervention method to modify
attention-focus dominance and effectively enhance the ability to control standing posture.

2. Materials and Methods
2.1. Participants

Fourteen healthy young men (age: 21.71 & 0.47 years, height: 171.86 + 5.63 cm,
body weight: 67.14 & 10.22 kg) with normal or corrected-to-normal vision were recruited
for this study. Evidence suggests that age and gender can influence attention and brain
function [22]. For the purpose of standardizing participant characteristics in this study, we
exclusively recruited healthy young males. Participants with a history of motor or cognitive
dysfunction were excluded. No participants fell into any other exclusionary criteria that
should be considered when providing HD-tACS [23]. All participants provided informed
consent, and this study was conducted in accordance with the Declaration of Helsinki.
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This study was approved by the local institutional ethics committee of Kyoto Tachibana
University (approval no. 22-02).

2.2. Sample Size Calculation

The sample size was determined using G*Power software (Version: 3.1.9.6) [24]. With
an effect size of 0.30, o« = 0.05, and power (1 — 3) = 0.80 at a confidence level of 95%, the
sample size was determined to be 12.

2.3. Study Protocol

This study followed a randomized, sham-controlled, single-blinded, crossover de-
sign [25]. To evaluate the dominance of attention focus, all participants first performed
the standing postural control task in the IF and EF conditions in random order. They then
performed the standing postural control task in either HD-tACS or sham conditions in
random order with a 1-week interval as the crossover period. The 1-week washout period
was deemed sufficient, considering a prior study establishing the adequacy of a shorter,
2-day washout period [26]. In each condition, the participants performed the standing
posture control task in the stimulated condition after three sessions of the standing pos-
ture control task without brain stimulation as practice for the task. During the standing
posture control task that provided brain stimulation, the participants were first stimulated
in a resting position for 2 min and then performed the standing posture control task in
a stimulated state for 3 min (Figure 1). We intentionally omitted periods of ramping up
stimulus intensity from the task. It should also be noted that this pre-stimulation protocol,
designed to enhance the efficacy of tACS, has been employed in prior studies [27]. In
the present study, all tasks were performed in the EF condition except when determining
attention-focus dominance.

1 week

Day 1 Day 2

hand
HD-tACS HD-tACS ‘
Participants |—| Evaluation othe dominance | | Randomized
of attention focus
- Sham Sham ‘

Standing postural tasks without stimulation | Standing postural task with stimulation

EF condition EF condition 3 trials 1 trial

Randomized

IF condition IF condition
Stimulation
Rest Standing postural task
2 minutes 3 minutes

Figure 1. Study Protocol. This study employed a randomized, sham-controlled crossover design.
Initially, all participants performed standing postural control tasks in the IF and EF conditions in
random order to evaluate attention-focus dominance. Subsequently, they performed the standing
postural control task in the HD-tACS and sham conditions, in random order, with a 1-week interval.
In each condition, the task was first performed three times without stimulation, followed by the
task in the stimulated condition. Stimulation was provided for 2 min in the resting position and for
3 min during the task. IF: internal focus; EF: external focus; HD-tACS: high-definition transcranial

alternating current stimulation.

2.4. Standing Postural Task

The index of postural stability (IPS) [10,28] was selected as the standing posture
control task in this study. Participants stood barefoot on a stabilometer (T.K.K.5810; Takei
Kiki Kogyo Co., Ltd., Niigata, Japan) with foam rubber (ANIMA Co., Ltd., Tokyo, Japan)
on top, with their arms crossed in front of their chest. A monitor was placed in front
of the participant at eye level, and the position of the center of gravity measured with
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the stabilometer was displayed in real time (Figure 2). The center of gravity sway was
measured for 10 s in the central static standing position; then positions were adjusted to
shift the center of gravity toward the front, back, right, and to the left, and the center of
gravity sway was also measured for 10 s in each of these positions (Figure 3). The order of
measurement was the same for all participants.

HD-tACS electrode \

Monitor —

Center of gravity cursor

Foam rubber on stabilometer

Figure 2. Experimental Setup. Participants stood barefoot on a stabilometer with foam rubber on
top, crossing their arms in front of their chest. A monitor was positioned at eye level in front of the
participant, displaying the real-time center of gravity measured with the stabilometer. During the
task in the stimulus condition, participants wore HD-tACS electrodes on their heads, which provided
the respective stimuli. HD-tACS: high-definition transcranial alternating current stimulation.

The IPS requires a challenging standing postural control task. This index of measure-
ment was chosen due to its ability to measure postural sway more accurately, with no upper
limit on the achievable score, especially in individuals aged <30 years [10,28]. This would
help negate any other confounding factors that were not accounted for by the inclusion
or exclusion criteria. At this time, participants were instructed to “pay attention to the
center of gravity point displayed on the monitor, move the point as far up (down, right
or left based on the posture being tested) as possible, and hold it for 10 s” to focus their
attention on the external body [10]. After the task, participants self-evaluated their ability
to pay attention to the verbal instructions based on the Numerical rating scale (0-100).
Participants who scored less than 60 were excluded from this study because they could not
pay attention to the verbal instructions [10,29].
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Figure 3. Index of Postural Stability. Participants initially measured their center of gravity sway while
standing stationary at the center for 10 s. Subsequently, they maintained their posture for 10 s with
the center of gravity shifted to its maximum in the front, back, left, and right directions, and the center
of gravity sway was assessed. The blue area represents the postural sway area, while the red area
indicates the stability limit area. The postural sway area is the average for each rectangular region.
The stability limit area is calculated based on the distance between the centers of each rectangle.

2.5. Dominance of Attention Focus

To evaluate the dominance of attention focus, IPS was conducted in the IF condition
in addition to the EF condition described above. In the IF condition, participants were
instructed to “focus their attention on their feet, place their weight on the front (back, right
or left based on the posture being tested) of their feet and hold it for 10 s”. The participants
were asked to focus their attention on the inside of their bodies [10]. Then, IPS scores were
computed and compared in the IF and EF conditions. Participants with higher IPS scores in
the IF condition were defined as the IF-dominant group, whereas participants with higher
IPS scores in the EF condition were defined as the EF-dominant group [7,10].

2.6. HD-tACS

HD-tACS was delivered using a Nurostym tES device, courtesy of Neuro Device
S.A., Warszawa, Poland. This setup included Sintered Ag/AgCl electrodes with a 1 cm
radius and an electrolyte gel provided by Brain Produst GmbH, Gilching, Germany, which
served to enhance impedance reduction. The electrodes were placed on the scalp according
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to the international 10-20 method (Figure 4A) [30]. The electrodes were arranged in a
4 x 1 HD-tACS configuration consisting of one active electrode and four return electrodes.
The placement of the electrodes was derived after referencing multiple studies that used
and compared high-definition transcranial direct-current stimulation (HD-tDCS) with
HD-tACS with the same electrode placement, targeting the same brain areas as in this
study, was used successfully [31]. This placement was therefore adopted. The active
electrode was placed at Fz, and the return electrodes at Fp1, Fp2, F7, and F8, following
the standard [30]. This modulated the activity of the ACC, which was activated in the
EF-dominant group [10].

Return electrode Active electrode

normE
0 0.196 0.391
. ]
(A) (B)

Figure 4. Electrode setup. (A) The active electrode was attached to Fz and the return electrode to F7,
Fp1, Fp2, and F8 according to the international 10-20 method. (B) Stimulus modeling using Sim NIBS
confirmed that modulation of the electric field occurs at ACC.

Stimulus intensity was set to 2.0 mA, and the stimulus frequency was set to 6.5 Hz
in the theta wave band. This stimulus was used on the EF-dominant group in a previous
study [10] and adapted to this study as well. The stimulation duration was 5 min, including
a 10 s ramp-up/ramp-down period. In all cases, we utilized online stimulations due to
their established superiority in effectiveness over offline stimulations [32].

In contrast, the sham group received a 10 s ramp-up and ramp-down stimulus at the
beginning and end with no stimulation between the ramp-up and ramp-down periods.
Impedance was maintained below 15 k() during stimulation [33].

The “Simulation of Non-Invasive Brain Stimulation” (SimNIBS, http://simnibs.org/,
accessed on 1 April 2023, version: 3.2.6) to model electrical stimulation was used, which
confirmed the modulation of the electric field in the ACC (Figure 4B). For the electrical
simulation, we utilized the standardized ‘Ernie’ head model provided within the SimNIBS
software suite.

2.7. Measures

The area of postural sway and area of stability limit were calculated from the measured
center-of-gravity sway data. The area of postural sway is the average of the rectangular areas
created by the postural sway from each of the five different positions of the center of gravity.
The area of stability limit was calculated as “front and rear center of gravity movement distance
between anterior and posterior positions x the distance between right and left positions”
(Figure 3). The IPS was then calculated using the following Equation (1) [28].

(areaof stability limit + areaof postural sway)
areaof postural sway

IPS = log ¢y
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In addition, to account for the diurnal variation in performance of the postural control
task, the IPS change rate was calculated using the following Equation (2), using IPS in the
third condition without stimulation:

IPS in the stimulation condition
IPS in the third condition without stimulation

IPS changerate = 2)

2.8. Statistical Analysis

First, the normality of the data was confirmed using the Shapiro-Wilk test. Then, a
paired t-test was performed on the IPS under the stimulation condition, the IPS under
the third condition without stimulation, and the IPS change rate for all participants. The
IPS change rates were compared using two-factor repeated-measures analysis of variance
(ANOVA) using the following two factors: group (IF- and EF-dominant groups) and
condition (HD-tACS and sham conditions). Post hoc tests were conducted using the
Bonferroni method. All statistical analyses were performed using SPSS ver. 28.0 (IBM Corp.,
Armonk, NY, USA), and the significance level was set at p < 0.05.

3. Results

The participants were initially classified into IF-dominant (n = 6) and EF-dominant
(n = 8) groups based on the assessment of attention-focus dominance (Figure 5). The paired
t-tests showed no significant difference in IPS under the stimulation condition and IPS
change rate between the HD-tACS and sham conditions (Table 1). However, the two-
factor repeated-measures ANOVA demonstrated a significant interaction between group
and condition in the IPS change rate (F = 5.04, p = 0.04). Subsequent post hoc analysis
revealed that the IPS change rate in the HD-tACS condition was significantly lower in the
IF-dominant group than in the sham condition (F = 5.57, p = 0.04) (Figure 6). Conversely, no
significant differences were observed in the IPS change rate between the conditions in the
EF-dominant group (F = 0.50, p = 0.49). Notably, the IPS change rate in the sham condition
was significantly higher in the IF-dominant group than in the EF-dominant group (F = 5.64,
p = 0.04). There no adverse events due to HD-tACS were observed.

0.40
0.30
0.20
0.10
0.00

HUUU“

-0.20

030 IF-dominant group

040 .
. EF-dominant group
-0.50

IPS difference (EF condition — IF condition)

-0.60

0.70

Figure 5. Attention-Focus Dominance. To assess attention-focus dominance, the IPS was measured
in both IF and EF conditions. Participants were then divided into an IF-dominant group (n = 6),
which exhibited better performance in the IF condition, and an EF-dominant group (1 = 8), which
demonstrated superior performance in the EF condition. IPS: index of postural stability; IF: internal
focus; EF: external focus.
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Table 1. Results of IPS between each condition.

HD-tACS Condition Sham Condition p-Value
IPS in the third condition without stimulation 1.83 +0.22 1.85 £ 0.19 0.77
IPS in the stimulation condition 1.75 £ 0.21 1.81 +0.21 0.17
IPS change rate 0.96 £ 0.08 0.98 &= 0.07 0.39

IPS: Index of postural stability; HD-tACS: High-definition transcranial alternating stimulation.

1.20
p<005

1.00

o
o
S
\
y
{

e
x®
S

IPS change rate

0.70

0.60

0.50

HD-tACS condition Sham condition

e [F-dominant group e e ¢ EF-dominant group

Figure 6. Comparison of IPS change rate between groups. The solid line represents the IF-dominant
group, while the dotted line represents the EF-dominant group. Gray lines display individual
participant data, and black lines represent the mean value for each group. A two-factor repeated-
measures analysis of variance indicated a significant interaction between group and condition
(p < 0.05). Post hoc tests showed that the IPS change rate for the IF-dominant group was significantly
lower in the HD-tACS condition compared to the sham condition (p < 0.05). In contrast, no significant
difference was found in the IPS change rate for the EF-dominant group between conditions (p > 0.05).
The IPS change rate in the sham condition was significantly higher for the IF-dominant group than
the EF-dominant group. IPS: index of postural stability; HD-tACS: high-definition transcranial
alternating current stimulation; IF: internal focus; EF: external focus.

4. Discussion

The aim of this study was to investigate the effects of 8 HD-tACS on standing postu-
ral control in the ACC under the EF condition in IF-dominant and EF-dominant groups.
A paired t-test showed that the IPS change rate did not significantly differ between the
HD-tACS and sham conditions. However, a two-factor repeated-measures ANOVA showed
an interaction between group and condition in the IPS change rate. Additionally, the post
hoc tests for the IF-dominant group revealed that the IPS change rate in the HD-tACS
condition was significantly lower than that in the sham condition, while the IPS change rate
in the EF-dominant group did not differ significantly between conditions. It has been docu-
mented that in the EF-dominant group, the 0 wave band frequency in the ACC is activated
and is linked with the predominance of attention focus [10]. Consequently, our findings
suggest that the impact of 6 HD-tACS on the ACC varies between the IF-dominant and
EF-dominant groups. Moreover, these results underscore the significance of implementing
interventions under conditions that are optimal, guided by the predominance of attention
focus, as opposed to immediate modulation of brain activity with electrical stimulation.
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4.1. Effect of 8 HD-tACS on Standing Postural Control under EF Conditions

The IPS in the third condition without stimulation, IPS in the stimulation condition,
and IPS change rate did not significantly differ between the HD-tACS and sham conditions,
indicating that 6 HD-tACS does not improve the performance of standing postural control
in the EF condition. This result may be attributed to the fact that the effect of 8 HD-tACS
may not be the same for all participants. Previous studies have shown that each individual
has a dominance of attention focus that improves performance, and factors related to
the dominance of attention focus have been examined [7-10]. Therefore, the effect of ©
HD-tACS may have varied depending on individual differences in this attentional function.
Additionally, previous studies have reported that the effect of tACS on cognitive function
in healthy young adults is present but is small [19]. Therefore, it is possible that the 0
HD-tACS did not cause a significant change in standing postural control performance in
this study and that the effect of the 6 HD-tACS differed depending on the characteristics of
the participants and other factors.

4.2. Effect of 8 HD-tACS on Standing Postural Control under EF Conditions in IF- and
EF-Dominant Groups

The results presented above allowed the categorization of participants into IF- and EF-
dominant groups and the comparison of the effects of 8 HD-tACS. A significant interaction
between the group (IF- and EF-dominant groups) and condition (HD-tACS and sham
conditions) was observed for the IPS change rate through the two-factor repeated-measures
ANOVA. In the IF-dominant group, the IPS rate change in the HD-tACS condition was
significantly lower than that in the sham condition. However, no significant difference in
the IPS change rate was observed between conditions for the EF-dominant group.

These findings suggest that the effect of 6 HD-tACS on the ACC differs between
IE- and EF-dominant groups and that 6 HD-tACS in the IF-dominant group decreases
the performance of standing postural control under the EF condition. Previous research
showed that during tasks in the EF condition, ACC activation was higher in the EF-
dominant group compared to the IF-dominant group [10]. Additionally, ACC involvement
in error detection based on visual information [34] suggests that it may represent brain
functional characteristics of the EF-dominant group. Some researchers have proposed that
the dominance of attention focus could be an acquired trait [7]. We hypothesized that
an immediate change in ACC activity to a state similar to that of the EF-dominant group
would result in an immediate improvement in standing postural control performance under
the EF condition. Contrary to our hypothesis, 8 HD-tACS decreased the performance of
standing postural control under EF conditions for the IF-dominant group in this study.

This outcome may be attributed to the HD-tACS forcing the IF-dominant group to use
a brain region not typically engaged for standing postural control, potentially reducing
their performance. Previous studies have demonstrated that tACS to relevant regions in
cognitive functions, such as working memory, improves their function [35,36]. Conversely,
tACS to the parietal lobe, which is unrelated to working memory, has been shown to
decrease working memory capacity [37]. These results suggest that tACS to nonrelevant
regions may impair performance. In the present study, 6 activity in the ACC might have
been highly active during standing postural control in the EF condition for the EF-dominant
group but not related to standing postural control for the IF-dominant group. Thus, we
speculate that 8 HD-tACS forced the ACC, which was not involved in standing postural
control of the IF-dominant group, to become more active, thereby decreasing the ability of
the IF-dominant group to control standing posture under the EF condition.

It has also been reported that the IF-dominant group suppresses other stimuli, such
as visual information, and implicitly implements a superficial sensory-dominant postural
control because the processing of the superficial senses takes priority [8]. This feature is
explained with a sensory gating system in which the second stimulus-response is signifi-
cantly reduced in response to the first stimulus-response [38,39]. In this study, it is possible
that the 0 HD-tACS activated the ACC, which prioritized the processing of visual stimuli
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in the same pattern as the EF-dominant group. It is speculated that this reduced the ability
of the IF-dominant group to control standing posture by decreasing the superficial sensory
response, which is normally processed preferentially by the IF-dominant group.

On the contrary, the performance of standing postural control in the EF-dominant
group remained unchanged by HD-tACS. For working memory, tACS has been reported to
have significant effects on participants with reduced working memory and brain activity in
related areas, commonly found in the elderly and patients with neurological diseases [36].
These results suggest that tACS may have a small effect on participants with high per-
formance and sufficiently activated EEG. In this study, the EF-dominant group had more
consistent standing postural control under EF conditions than the IF-dominant group,
suggesting that the ACC may have already been activated. Therefore, it is speculated
that HD-tACS on the ACC did not change the performance of standing postural control
under EF conditions. These results indicate the need to tailor tasks according to each
individual’s attention-focus dominance rather than using transcranial brain stimulation or
other methods to change the dominance of attention focus according to the type of task in
rehabilitation or sports training.

4.3. Potential Standing Postural Control Ability of IF-Dominant and EF-Dominant Groups

The IPS change rate in the sham condition was significantly greater in the IF-dominant
group compared to the EF-dominant group. This outcome suggests that the IF-dominant
group demonstrated a higher potential capability for standing postural control than the
EF-dominant group. Prior research has indicated that focusing on internal bodily sensations
is cognitively demanding, which implies that the IF-dominant group possesses advanced
cognitive function [9]. Additionally, it has been noted that attention-focus dominance is
determined not by reaction speed to visual stimuli but by response speed to superficial
sensory stimuli, suggesting a distinct attentional function in the IF-dominant group [8]. In
a previous investigation, standing postural control performance in the EF condition was
significantly better in the IF-dominant group than in the EF-dominant group, although
no significant difference was observed between IF- and EF-dominant groups in the EF
condition [10]. The outcomes of the prior study imply that the IF-dominant group may
exhibit superior potential standing postural control under attention-focus conditions com-
pared to the EF-dominant group. Given these observations, it is possible that both potential
standing postural control and attentional control abilities were greater in the IF-dominant
group than in the EF-dominant group in the current study. As a result, it can be speculated
that the IF-dominant group outperformed the EF-dominant group in the sham condition.

4.4. Limitations

This study has several limitations: First, EEG measurements were not conducted be-
fore and after stimulation, rendering it impossible to directly confirm whether ACC activity
was modulated with 8 HD-tACS. Although the electrode configuration employed in this
study has been utilized in previous research and is anticipated to modulate ACC activity
in current simulations, actual EEG modulation with 8 HD-tACS remains unverified due
to the lack of measurements. Additionally, our inability to determine individual respon-
siveness to HD-tACS is compounded by the absence of EEG measurements. As previous
research indicates, responses to noninvasive brain stimulation methods exhibit substantial
variability between individuals [40]. Consequently, subsequent studies should aim to
confirm the adaptation to HD-tACS by conducting prestimulation and poststimulation
EEG measurements. Second, 8 HD-tACS might have affected regions other than the ACC.
0 HD-tACS has smaller electrodes compared to those of tACS, allowing for more localized
stimulation. However, current simulations predicted that stimulation effects would extend
to brain regions surrounding the ACC, which may have influenced this study’s outcomes.
Future research could address this limitation by using personalized stimulus montages [41].
Third, it remains unclear whether attention was accurately directed to the body’s exterior.
The sole evaluation scale for attention focus is a subjective percentage rating [29], and it
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is necessary to develop an objective scale for evaluating attention location more precisely
in future research. Fourth, our investigation was limited to the immediate effects and
overlooked the long-term consequences. For a more comprehensive understanding, future
studies should illuminate not only the long-term effects but also their persistence over time.

5. Conclusions

This study aimed to examine the effect of 6 HD-tACS on ACC and standing postural
control under EF conditions in IF-dominant and EF-dominant groups. The results demon-
strated that 8 HD-tACS to ACC decreased standing postural control performance in the
EF condition for the IF-dominant group. One possible explanation for this outcome is that
0 HD-tACS forced the IF-dominant group to activate brain regions not typically used by
them, resulting in reduced activity in brain regions normally employed by the IF-dominant
group and potentially decreased performance. Another possibility is that 6 HD-tACS
activated the ACC, prioritizing visual information processing and reducing superficial
sensory responses, which are normally preferentially processed by the IF-dominant group,
leading to diminished performance. These findings suggest that requiring attentional strate-
gies that differ from an individual’s attention-focus dominance can impair performance.
Therefore, it highlights the importance of adapting the type of rehabilitation and sports
training tasks to accommodate each individual’s attention-focus dominance. Future studies
should examine the effects of attention-focus dominance on motor learning and further
encourage its use in clinical treatment. Furthermore, effective rehabilitation and sports
training interventions should be developed to identify individually optimized intervention
methods based on the attention-focus dominance.
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