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Abstract: Transcranial static magnetic stimulation (tSMS) has been known to reduce human cortical
excitability. Here, we investigated whether tSMS would modulate visuo-spatial cognition in healthy
humans. Subjects performed a visuo-spatial task requiring judgements about the symmetry of
pre-bisected lines. Visual stimuli consisted of symmetrically or asymmetrically transected lines,
tachystoscopically presented for 150 ms on a computer monitor. Task performance was examined
before, immediately after, and 10 min after tSMS/sham stimulation of 20 min over the posterior
parietal cortex (PPC: P4 from the international 10-20 system) or superior temporal gyrus (STG: C6).
Nine out of 16 subjects misjudged pre-bisected lines by consistently underestimating the length of the
right-side segment (judging lines to be exactly pre-bisected when the transector was located to the
left of the midpoint, or judging the left-side segment to be longer when the transector was located
at the midpoint). In these subjects showing a leftward bias, tSMS over the right STG reduced the
magnitude of the leftward bias. This did not occur with tSMS over the right PPC or sham stimulation.
In the remaining right-biased subjects, no intervention effect was observed with any stimulation.
Our findings indicate that application of tSMS over the right STG modulates visuo-spatial cognition
in healthy adults.

Keywords: transcranial static magnetic field stimulation; non-invasive brain stimulation;
visuospatial cognition; unilateral spatial neglect

1. Introduction

In a last decade, a number of studies have demonstrated that the excitability of cerebral cortices is
suppressed by “transcranial static magnetic field stimulation (tSMS)” [1], in which the scalp is exposed to
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moderate-intensity (about 100 to 200 mT) static magnetic fields (SMFs) by a strong cylindrical neodymium,
iron and boron (NdFeB) permanent magnet. Experimental evidence clearly indicates such suppressive effect
in primate as well as non-primate animals [2,3]. With the growth of research activities, this novel method
has recently been recognized as a member of inhibitory non-invasive brain stimulation (NIBS) techniques,
such as low-frequency repetitive transcranial magnetic stimulation (rTMS) [4], continuous theta-burst
stimulation [5], and cathodal transcranial direct current stimulation (tDCS) [6].

Given that the magnet used for tSMS is safer, cheaper, and easier to use as compared to the
other conventional NIBS techniques, tSMS has the attractive potential to be used in clinical practice
to alleviate symptoms of various central nervous system diseases. For instance, in stroke patients
tSMS may be effective in restoring the sensorimotor function of paralyzed limbs by suppressing
excessive inter-hemispheric inhibition from the intact hemisphere to the affected hemisphere via
the corpus callosum [1,7-14]. Also, tSMS’s ability to reduce the amplitude of intra-epidermal
electrical stimulation-evoked potentials [15] may lead to the development of chronic pain management.
Furthermore, findings that tSMS over the supplementary motor area (SMA) can modulate resting-state
functional magnetic resonance imaging (fMRI) activity [16] and the function of postural adjustments [17]
indicate its potential use as a therapeutic technique to suppress excessive activity of the SMA,
for example, in patients who have such neurological disorders as Parkinson’s disease and Gilles de la
Tourette syndrome [18-20]. In addition, the suppression of epileptic seizures by tSMS observed in rats
and monkeys [3] seems to be applicable even to humans.

One of the important functions that deserves attention but has not been addressed so far in terms
of the effect of tSMS is visuo-spatial function. In particular, a failure to attend or act in one part of space
after a stroke, called unilateral spatial neglect (USN), is of special interest, because it is associated with
poor functional outcomes and length of stay in the hospital [21]. Anatomical brain regions responsible
for this disorder have been highlighted in many previous studies such as the parietal cortex [22,23],
superior temporal gyrus (STG) [24], and/or inferior frontal cortex [25,26] in the right hemisphere,
and an increasing number of reports have shown that NIBS is effective in the treatment of USN in
post-stoke patients [27-32]. Specifically, inhibitory rTMS over the intact hemisphere, especially over
the right posterior parietal cortex (PPC), can reduce its pathologic hyperactivity occurring due to a
deficit in transcallosal inhibition from the affected hemisphere [33]. The transient inhibition of the
intact hemisphere is expected to decrease the interhemispheric imbalance and thus symptoms of
USN. Even in healthy adults who commonly display a leftward bias (pseudoneglect), inhibitory rTMS
over the right PPC was demonstrated to reduce the bias in symmetry judgements on pre-bisected
lines [34]. Given the inhibitory characteristic of tSMS, as a first step towards clinical applications of
this new tool in this area, we investigated whether tSMS on the right PPC or STG would have the
same effect of reducing a bias in healthy adults in the present study. Accordingly, the study aim was
to investigate the possibility of non-invasive modulation of visuo-spatial function by application of
tSMS over the parietal or temporal cortex in healthy humans. If tSMS can modulate visuo-spatial bias
in these individuals, it may become a novel, economical, convenient, and non-invasive method to
alleviate symptoms of USN in post-stroke patients.

2. Materials and Methods

2.1. Subjects

Sixteen healthy subjects (10 males and 6 females, 21-39 years old) participated in this study.
None were undergoing medical treatment for any condition. Based on administration of the Oldfield
inventory [35], the handedness scores of all subjects ranged from 0.9 to 1.0 (strongly right-handed).
Written informed consent was obtained from all participants before beginning the experiment,
which was conducted according to principles of the Declaration of Helsinki. The experimental protocol
was also approved by the Ethical Committee for Clinical Research of Hiroshima University (No. C-242).
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2.2. Experimental Procedure

2.2.1. Intervention Experiment

The Subject was seated comfortably in front of a computer monitor with a distance of 50 cm.
The subject’s eye level was adjusted to be at the middle of the computer monitor that was centred on
his/her sagittal midplane. The subject performed a line length judgement task requiring forced-choice
decision about the symmetry of pre-bisected lines. Visual stimuli consisted of symmetrically or
asymmetrically transected lines, which were tachystoscopically presented on the computer monitor.
Task performance was examined before (pre), immediately after (post), and 10 min after (post 10) tSMS
or sham stimulation of 20 min.

2.2.2. Preliminary Experiment

Prior to the intervention experiment using tSMS/sham, 11 of 16 subjects (6 males and 5 females)
performed the task with the stimulus presentation time of 50, 150, and 300 ms twice in a random order
(6 sessions in total), to examine learning effects and performance reproducibility, and also to determine
the appropriate stimulus presentation time. The stimulus presentation time of 150 ms, which showed
the highest reproducibility, was used in the intervention experiment. This preliminary experiment was
conducted more than a week before the intervention experiment.

2.3. Transcranial Static Magnetic Stimulation (tSMS)

For tSMS, we used a cylindrical NdFeB neodymium magnet (diameter, 50 mm; height, 30 mm)
with a surface magnetic flux density of 534 mT, maximum energy density of 49 MGOe, and a strength
of 862 N (88 kgf) nominal value (NeoMag, Ichikawa, Japan). We previously showed that this magnet
generates a magnetic field that accesses most cortical regions (strength 110-90 mT at 2-3 cm from
the surface of the magnet) and elicits biological effects [13]. For sham stimulation, we utilized a
non-magnetic stainless-steel cylinder of the same size and weight. With the aid of an arm-type lightning
stand (C-stand, Avenger, Cassola, Italy), the magnet or sham device was placed over P4 to stimulate
the right PPC (Brodmann area 39) [27,29], and over C6 to stimulate the right STG (Brodmann areas
22 and 42) [36,37] according to the International 10-20 system for electrode placement, similar to
previous rTMS and tDCS studies. tSMS effects are polarity independent [1] and, thus, we used only
south polarity for all experiments. Sham stimulation was performed on P4 in eight participants and on
C6 in another eight participants. The real and sham stimulations were performed in a random order.
As reported in our previous study, the static magnetic field does not interfere with biological tissue at
all; thus, the subjects cannot determine whether the object placed on the scalp is a magnet (real) or a
non-magnetic material (sham) [1]. Since the visual stimulus presentation system created in this study
provided the final score automatically, examiner bias was considered to be minimal.

2.4. Line Length Judgement Task

The visual stimuli and their presentation method were based on a previous study [34]. 1 mm
thick, 145 to 155 mm long horizontal lines transected by a 1 mm thick, 10 mm long vertical line was
presented on the center of the monitor (12-inch FHD (1920 x 1080 dots), Refresh rate of 59 Hz). At each
trial, one of five lines was presented, differing in the position of the vertical transector (at midpoint,
rightward, or leftward) and in the overall length of the line and of its right and left segments (Figure 1).
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Figure 1. Linelengthjudgement task. #1. Rt. and Lt. segments = 75 mm (Equally bisected). #2. Rt. =70 mm;
Lt. =75 mm (Lt. longer). #3. Rt. =75 mm; Lt. = 80 mm (Lt. longer). #4. Rt. =75 mm; Lt. =70 mm
(Rt. longer). #5. Rt. = 80 mm; Lt. =75 mm (Rt. longer).

To prevent eye scanning, the visual stimulus was presented for 150 ms (tachistoscopic presentation).
Prior to the stimulus presentation, the subject was required to look at a fixation (an upward
pointing arrow), which disappeared after appearance of the visual stimulus. After the stimulus
presentation, the subject was required to make decision orally about the respective length of the
two segments. There were three possible responses: equal, longer right, or longer left. In all task
sessions, the subject performed 30 trials in a random order (10 trials with line #1 and five trials with
lines #2-5). The interstimulus interval varied randomly between 8-12 s. The visual stimuli were
presented using Psychopy 2.0.1 (Open Science Tools, Nottingham, UK) [38], an open source application
for building a psychological experiment environment based on the Python language.

2.5. Data and Statical Analyses

2.5.1. Scoring of Task Performance

The performance of the subject in each trial was scored as in Table 1.

Table 1. Score and response in line length judgement task.

Score Response

0 Correct response

Right segment of line #1 judged longer, or left and right
segments of lines #2 and #3 judged equal (rightward bias)

Left segment of line #1 judged longer, or left and right segments
of lines #4 and #5 judged equal (leftward bias)

+2 Right segment of lines #2 and #3 judged longer (rightward bias)
-2 Left segment of lines #4 and #5 judged longer (leftward bias)

+1

-1

Line number see caption of Figure 1.

2.5.2. Preliminary Experiment

A single measure of the interclass correlation coefficient, ICC (2,1), was used to measure the
reproducibility of the task score (response) between two sessions for each stimulus presentation time.
We examined the effect of stimulus presentation time (50 ms, 150 ms, and 300 ms) on the task score
using a one-way repeated-measures analysis of variance (ANOVA). We also examine the effect of task
session (1st to 6th) on the task score using a one-way repeated-measures ANOVA.

2.5.3. Intervention Experiment

All data were expressed as the mean + standard error of the mean (SEM). The normal distribution
was confirmed using the Kolmogorov-Smirnov test. The effects of stimulation site (P4, C6, and Sham)
and time (pre, post, and post 10) on the task score were analyzed using a two-way repeated-measures
ANOVA. Post hoc differences were further analyzed with Bonferroni's test. All analyses were performed
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with IBM SPSS Statistics software version 21 (SPSS; IBM, Armonk, NY, USA), and the significance level
was set at 5%.

3. Results

3.1. Inter-Trial Reproducibility of the Score in Line Length Judgement Task

Seven out of 11 subjects (4 males and 3 females) consistently underestimated the length of the
right-side segment (judging lines to be exactly pre-bisected when the vertical transector was located
to the left of the midpoint, or judging left-side segment to be longer when the vertical transector
was located at the midpoint) (Leftward bias). In contrast, the remaining four subjects (2 males and
2 females) showed rightward bias. Inter-trial reproducibility of the score in a line length judgement task
was ICC (2,1) = 0.909 for a stimulus presentation time of 50 ms, 0.946 for 150 ms, and 0.771 for 300 ms
(p < 0.01) (Figure 2). The highest reproducibility was demonstrated with a stimulus presentation time
of 150 ms. There was no significant effect of stimulus presentation time or session order on the score
(Figure 3). The tendency of a leftward or rightward bias was consistent across a stimulus presentation
times and sessions.
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Figure 2. Relationship of line length judgement task score between 1st and 2nd preliminary sessions.
The subjects plotted in the first quadrant show a rightward bias (red circles), and the subjects plotted in
the third quadrant show a leftward bias (blue circles).
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Figure 3. Individual scores of line length judgement task compared between (A) stimulus presentation
times and (B) for session order (between 6 preliminary sessions). The red lines indicate a rightward
bias, and the blue lines indicate a leftward bias.

3.2. Effects of tSMS on the Scores of Line Length Judgement Task

Figure 4 shows serial changes in individual total scores of line length judgement task before (pre),
immediately after (post), and 10 min (post 10) after tSMS/sham stimulation for a period of 20 min
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(tSMS over P4 and C6 and sham). In line with the preliminary experiment, we found two subgroups
showing either a leftward (9 of 16, 6 males and 3 females) or rightward bias (7 of 16, 4 males and
3 females). The total score and the number of errors in total and in each score (-1, -2, +1, and +2) are
summarized in Table 2 for the left-biased group and in Table 3 for the right-biased group.
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Figure 4. Serial changes in the individual total scores of line length judgement task before (pre),
immediately after (post), and 10 min (post 10) after transcranial static magnetic stimulation (tSMS)
for 20 min. Scatter plots present the individual values for each stimulation condition: (A) P4, (B) C6
and (C) sham stimulation. Nine subjects showed a rightward bias (reddish lines), and seven subjects
showed a leftward bias (blueish lines).

Table 2. The total score and the number of errors in the line length judgement task for the left-biased
group (mean =+ standard error of the mean (SEM)). n = 9. * p < 0.001 vs. pre, T p < 0.05 vs. tSMS over P4.

Stim. Site P4 Ceé Sham
Time Pre Post Post 10 Pre Post Post 10 Pre Post Post 10
Total Score —43+12 —-61+17 -47+15 —-68+17 -31+14* -48+15 -50+16 -44x+14 -39+16
Total error 83+12 89+14 77+14 87+15 54+12 81+12 76+12 6.0+15 6.0+1.1
—1 Error 83+0.8 89+13 77+13 74+14 54+1.1 81+1.1 76+12 6.0+1.1 6.0+1.1
—2 Error 0.1+0.1 02+0.1 0.0 +0.10 0.1+0.1 0.1+0.1 02+0.1 0.1+0.1 02+0.1 0.1+0.1
+1 Error 22+09 14+0.8 14+08 0.8+04 1.0+ 04 1.2+05 1.2+0.5 09+05 1.7+05
+2 Error 0.0+ 0.0 0.0+0.0 0.0+0.0 0.1+0.1 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

Table 3. The total score and the number of errors in the line length judgement task for the right-biased
group (mean + SEM). n =7.

Stim. Site P4 Ce Sham

Time Pre Post Post 10 Pre Post Post 10 Pre Post Post 10

Total Score 37+13 34+13 31+13 60+08 30+13 44+17 50+10 51+11 57x1.0
Totalerror 59+09 6115 69+14 79x13 79x18 6915 76+x14 60+10 6.0x1.1
—1 Error 1.0+06 14+07 19+08 09+03 24+06 14+04 11+05 09+04 1.0+0.3
—2 Error 00+00 00+00 00«00 00+£00 00+£00 00+00 00«00 00£00 00+£0.0
+1 Error 46+09 46+13 44+13 66+10 54+15 59+£16 59+10 60+10 67+10
+2 Error 00+£00 01+01 00+00 01+£01 00+£00 00+00 0101 00£00 00+£0.0

Since including the task scores from two subgroups in one analysis can result in the mean total
score close to zero, we analyzed the effects of stimulation site and time separately for two subgroups.
The two-way repeated-measures ANOVA revealed a significant interaction between stimulation site
and time for the left-biased group (F(432) = 2.898, p = 0.037, n? = 0.266). For the tSMS over C6, a post
hoc analysis showed a significant difference between before and immediately after 20 min of tSMS
(post) (p < 0.001) (Figure 5). In addition, at immediately after 20 min of stimulation, a significant
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difference was revealed between two tSMS stimulation conditions (C6 and P4). No effect of stimulation
site or time was observed for the right-biased group. Analysis without an outlier from the left-biased
group can be found in Appendix A Figure Al.

Left-biased group Right-biased group
0.0 T T 1 100 r n.s.
= T =
£ E
E.; i /l\ g I
g 50 :--__ g s | ~_ Il 2
@ ] t @ — 3 /_I_
3 : L
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——C6 —e—P4 Sham ——C6 —e—P4 Sham
(A) (B)

Figure 5. Serial changes in the total scores of line length judgement task before (pre), immediately after
(post), and 10 min (post 10) after tSMS for 20 min, separately presented for the left-biased group (A)
and right-biased group (B). In the left-biased group, the magnitude of bias was significantly reduced
immediately after tSMS over C6, and the bias was significantly smaller for C6 as compared to P4 at
post. * p < 0.001 vs. pre, t p < 0.05 vs. tSMS over P4.

4. Discussion

In this study, 9 of 16 subjects consistently underestimated the length of the right-side segment
in line length judgement task, and the remaining 7 subjects consistently underestimated the length
of the left-side segment. In these subjects showing the leftward bias, there was an improvement
in the task score after an application of tSMS over C6 but not over P4 or after sham stimulation.
In the other subjects showing the rightward bias, no significant intervention effect was observed with
any stimulation.

4.1. Leftward and Rightward Biases in Healthy Individuals

Neurologically healthy individuals tend to show a leftward bias [39]. This phenomenon is known
as pseudoneglect and can be observed in various visuo-spatial tasks [40,41]. In contrast to this previous
observation, 7 of 16 subjects showed a rightward bias in the present study. Although at a first glance
our finding seems contradictory, enormous individual differences have been observed in a relatively
large number of previous studies on pseudoneglect [42—45]. In particular, Manning and colleagues
found a rightward bias in 10 of 22 subjects with a large between-subject variability and proposed
that this large variability could be the cause of frequent unsuccessful replication of leftward bias in
healthy individuals [46]. Also, Jewell and McCourt pointed out in their review that, in addition to
the problem of individual differences, scanning, sex, age, and hand dominance could influence the
amplitude of pseudoneglect, even though their meta-analysis demonstrated the existence of leftward
bias [41]. Thus, what we observed in the present study is not necessarily unique. Supportively, in our
preliminary study, all the subjects consistently showed either a leftward or rightward bias over all
sessions regardless of the stimulus presentation time. Furthermore, intersession reproducibility of the
bias was quite high. From these data, there are assumed to be a certain number of individuals who
show a rightward bias. Moreover, the high consistency and reproducibility suggest that the change in
the task score by an application of tSMS over C6 in the left-biased group was not due to changes in
attention, habituation, or fatigue resulting from repeated sessions.
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4.2. Putative Mechanisms Underlying Change in the Score of Line Length Judgement Task by tSMS Over C6

SMFs have constant intensity and direction over time with a frequency of 0 Hz, and are different
from electromagnetic fields that vary over time. Although growing evidence indicates that SMFs influence
the central nervous system, it has not been fully understood exactly how this occurs. In a recent review on
the effectiveness of SMFs at cellular level, SMFs were ensured to have an impact on cellular systems [47].
In particular, radial pair recombination and biomolecules reorientation by diamagnetic anisotropy effects
were proposed to be conclusive as such SMFs’ effectiveness was consistently reported in all the previous
studies: these changes subsequently result in susceptibility of biomolecules, intracellular structural
modifications, and changes in the enzymatic reactions [47]. Rosen and colleagues also hypothesized
that diamagnetic anisotropy by SMFs can cause a reorientation of phospholipids and hence an alteration
of ion channels within them. Indeed, there is evidence that SMFs can influence membrane resting
and action potentials by altering voltage-gated potassium [48], sodium [49], and calcium [50] channels.
Another possibility is that the gradient of SMFs pushes calcium ions (positive ions) away from astrocytes,
reducing the possibility of glutamate release [1]. Additionally, a recent study proposed a new hypothesis
that magnetic pressure associated with gradients of the Zeeman influences a surface tension on the structure
of the channel proteins, consequently altering the kinetics of voltage channel gating mechanics [51].
At current understanding, even though there are many hypotheses, there is no firm conclusion as to what
mechanism is responsible for the change in the central nervous system by tSMS. Nevertheless, tSMS has
been consistently demonstrated to have an inhibitory effect on the cortical excitability in various areas,
including the motor [1,11], somatosensory [14,52], visual [53,54], and temporal [55] cortices, as well as
SMA [16,17] and cerebellar region [56].

In the present study, tSMS applied over C6 (right STG) but not P4 (right PPC) altered the score of
line length judgement task. Specifically, in the left-biased (right spatial neglect) group, the magnitude of
bias or neglect was reduced immediately after tSMS over C6. Considering the inhibitory effect that tSMS
has on the cortical excitability, it was expected that tSMS over the right PPC would reduce the leftward
bias as in a previous study demonstrating improved leftward bias in healthy adults by inhibitory rTMS
over the right PPC [34]. This contradictory result is hard to be explained, but one possibility is that
tSMS was not strong enough to modulate the PPC. It is conceivable that a sufficient magnetic flux
density did not reach into the PPC. Meanwhile, we find new evidence that inhibition of the right STG
by tSMS can improve a leftward bias in healthy adults, which may be attributed to a relatively new
hypothesis that USN is caused by lesions in the ventral attentional network, including the inferior
parietal lobule, STG, and inferior frontal gyrus [57,58]. Following a finding that most post-stroke
patients with USN had lesions in the ventral attentional network and not in dorsal attentional network
consisting of the superior parietal lobule, frontal eye field, and intraparietal sulcus, Corbetta and
colleagues hypothesized that lesions in the ventral attentional network bring about dysfunction of
the dorsal parietal area, which consequently mediates a rightward bias in post-stroke patients [57,58].
Indeed, there is limited but supportive evidence of possible linkages between ventral and dorsal brain
regions [59]. Therefore, we hypothesize that tSMS-induced reduction in the excitability of the STG,
a part of the ventral attentional network, caused a change in the function of the dorsal parietal area, as a
result inducing a rightward bias or, in other words, improving a leftward bias. Alternatively, tSMS over
C6 might have influenced the superior longitudinal fasciculus that anatomically supports the ventral
and dorsal attentional networks, as some research argues that lesions in the fasciculus is involved in
the occurrence of USN [60]. However, in accordance with Coulomb’s law, the magnetic field strength
decreases in inverse proportion to the square of the distance, and it is confirmed that the magnetic
field strength of about 500 mT at the surface decreases to a low level (under 50 mT) at 5 cm from the
magnet surface in actual measurement [13,61] and computer simulation [62-64]. Hence, we doubt
that tSMS reached into the superior longitudinal fasciculus, a deep white matter tract. Additionally,
the intervention effect of tSMS over C6 was transient, and there was no prolonged after-stimulation
effect in the present study. As indicated in previous tSMS studies, when tSMS is applied over the
motor cortex for less than 20 min, its after-stimulation effect lasts only for a few minutes. On the other
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hand, when the application time is over 30 min, the after effect can be as long as 30 min [12]. It is
necessary to investigate whether cortical plastic change occurs only with long-term stimulation and
also whether longer tSMS stimulation of the temporal cortex is necessary for a long-lasting change in
visuo-spatial cognition.

4.3. Clinical Application

The incident of USN after a stroke in the right hemisphere ranges from 30% to 81% [65-67], and this
disorder can be chronic (more than 1 year after stroke) in one third of the patients [68]. To alleviate the
symptoms of neglect, various therapeutic interventions, such as visuospatial training, prism adaptation,
and pharmacologic treatments, have been examined in research studies and also attempted in clinical
practice [69]. However, no treatment for neglect has been established thus far. As reported in three recent
reviews about the effectiveness of NIBS on USN symptoms [29,31,70], inhibitory rTMS is one of the
promising tools for future treatment, but TMS is expensive and requires a quite high-level of technical
skill for its use. On the other hand, the NdFeB magnet is an inexpensive industrial product that is easily
available, and application of the magnet on the scalp does not require a high operational skill. Therefore,
if tSMS applied over right hemisphere (either over C5 or P3) is found to attenuate neglect symptoms in
post-stroke patients in future studies, then this new NIBS technique may become a clinically useful
tool. Furthermore, it may be used as an in-home intervention along with other rehabilitation exercise
programs. Meanwhile, as shown in this and previous tSMS studies, a short after-effect may be a
disadvantage compared with a traditional NIBS tools. Since tSMS over the motor cortex for 30 min has
been demonstrated to result in an after-effect of 30 min [10], it should be investigated whether a longer
duration of tSMS over the temporal cortex similarly induces long-lasting after-effects on visuo-spatial
cognitive function. Given the short after-effect, another potential clinical use could be to repeat tSMS
in combination with rehabilitation for 4-8 weeks, like interventions using rTMS and tDCS [71,72].
Clinical investigation is clearly warranted to confirm the potential benefit of using tSMS.

5. Conclusions

The present study demonstrated that application of tSMS over the right STG reduces a leftward
bias and thus modulates visuo-spatial cognition in healthy adults. Further study is needed to clarify
the neurophysiological mechanism underlying this modulation by tSMS over the temporal but not
parietal cortex.
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Figure A1. These figures show results without an outlier from the left-biased group. (A) Serial changes in
the individual total scores of line length judgement task before (pre), immediately after (post), and 10 min
(post 10) after tSMS for 20 min. Scatter plots present the individual values for each stimulation condition:
(a1) P4, (a2) C6 and (a3) sham stimulation. Nine subjects showed a rightward bias (reddish lines),
and seven subjects showed a leftward bias (blue lines). (B) Serial changes in the total scores of line
length judgement task before (pre), immediately after (post), and 10 min (post 10) after tSMS for 20 min,
separately presented for the left-biased group (b1) and right-biased group (b2). In the left-biased group,
the magnitude of bias was significantly reduced immediately after tSMS over C6, and the bias was
significantly smaller for C6 as compared to P4 at post. * p < 0.001 vs. pre, T p < 0.05 vs. tSMS over P4.

References

1. Oliviero, A.; Mordillo-Mateos, L.; Arias, P.; Panyavin, I.; Foffani, G.; Aguilar, ]. Transcranial static magnetic
field stimulation of the human motor cortex. J. Physiol. 2011, 589, 4949-4958. [CrossRef] [PubMed]

2. Aguila, J.; Cudeiro, J.; Rivadulla, C. Effects of Static Magnetic Fields on the Visual Cortex: Reversible Visual
Deficits and Reduction of Neuronal Activity. Cereb. Cortex 2016, 26, 628-638. [CrossRef] [PubMed]

3.

Rivadulla, C.; Aguilar, J.; Coletti, M.; Aguila, ].; Prieto, S.; Cudeiro, J. Static magnetic fields reduce epileptiform
activity in anesthetized rat and monkey. Sci. Rep. 2018, 8, 15985. [CrossRef] [PubMed]


http://dx.doi.org/10.1113/jphysiol.2011.211953
http://www.ncbi.nlm.nih.gov/pubmed/21807616
http://dx.doi.org/10.1093/cercor/bhu228
http://www.ncbi.nlm.nih.gov/pubmed/25260705
http://dx.doi.org/10.1038/s41598-018-33808-x
http://www.ncbi.nlm.nih.gov/pubmed/30375430

Brain Sci. 2020, 10, 1006 11 0f 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

Chen, R.; Classen, ].; Gerloff, C.; Celnik, P.; Wassermann, E.M.; Hallett, M.; Cohen, L.G. Depression of
motor cortex excitability by low-frequency transcranial magnetic stimulation. Neurology 1997, 48, 1398-1403.
[CrossRef] [PubMed]

Huang, Y.Z.; Edwards, M.].; Rounis, E.; Bhatia, K.P.; Rothwell, J.C. Theta burst stimulation of the human
motor cortex. Neuron 2005, 45, 201-206. [CrossRef] [PubMed]

Nitsche, M.A.; Paulus, W. Excitability changes induced in the human motor cortex by weak transcranial
direct current stimulation. |. Physiol. 2000, 527, 633-639. [CrossRef]

Nojima, I.; Koganemaru, S.; Fukuyama, H.; Mima, T. Static magnetic field can transiently alter the human
intracortical inhibitory system. Clin. Neurophysiol. 2015, 126, 2314-2319. [CrossRef]

Nojima, I.; Koganemaru, S.; Mima, T. Combination of Static Magnetic Fields and Peripheral Nerve Stimulation
Can Alter Focal Cortical Excitability. Front. Hum. Neurosci. 2016, 10, 598. [CrossRef]

Nojima, I.; Watanabe, T.; Gyoda, T.; Sugata, H.; Ikeda, T.; Mima, T. Transcranial static magnetic stimulation over
the primary motor cortex alters sequential implicit motor learning. Neurosci. Lett. 2019, 696, 33-37. [CrossRef]
Shibata, S.; Watanabe, T.; Yukawa, Y.; Minakuchi, M.; Shimomura, R.; Mima, T. Effect of transcranial static
magnetic stimulation on intracortical excitability in the contralateral primary motor cortex. Neurosci. Lett.
2020, 723, 134871. [CrossRef]

Davila-Perez, P.; Pascual-Leone, A.; Cudeiro, J. Effects of Transcranial Static Magnetic Stimulation on Motor
Cortex Evaluated by Different TMS Waveforms and Current Directions. Neuroscience 2019, 413, 22-30.
[CrossRef] [PubMed]

Dileone, M.; Mordillo-Mateos, L.; Oliviero, A.; Foffani, G. Long-lasting effects of transcranial static magnetic
field stimulation on motor cortex excitability. Brain Stimul. 2018, 11, 676-688. [CrossRef] [PubMed]
Kirimoto, H.; Asao, A.; Tamaki, H.; Onishi, H. Non-invasive modulation of somatosensory evoked potentials
by the application of static magnetic fields over the primary and supplementary motor cortices. Sci. Rep.
2016, 6, 34509. [CrossRef] [PubMed]

Kirimoto, H.; Tamaki, H.; Matsumoto, T.; Sugawara, K.; Suzuki, M.; Oyama, M.; Onishi, H. Effect of
transcranial static magnetic field stimulation over the sensorimotor cortex on somatosensory evoked
potentials in humans. Brain Stimul. 2014, 7, 836-840. [CrossRef] [PubMed]

Kirimoto, H.; Tamaki, H.; Otsuru, N.; Yamashiro, K.; Onishi, H.; Nojima, I.; Oliviero, A. Transcranial Static
Magnetic Field Stimulation over the Primary Motor Cortex Induces Plastic Changes in Cortical Nociceptive
Processing. Front. Hum. Neurosci. 2018, 12, 63. [CrossRef] [PubMed]

Pineda-Pardo, J.A.; Obeso, I.; Guida, P.; Dileone, M.; Strange, B.A.; Obeso, J.A.; Oliviero, A.; Foffani, G.
Static magnetic field stimulation of the supplementary motor area modulates resting-state activity and motor
behavior. Commun. Biol. 2019, 2, 397. [CrossRef]

Tsuru, D.; Watanabe, T.; Chen, X.; Kubo, N.; Sunagawa, T.; Mima, T.; Kirimoto, H. The effects of transcranial
static magnetic fields stimulation over the supplementary motor area on anticipatory postural adjustments.
Neurosci. Lett. 2020, 723, 134863. [CrossRef]

Landeros-Weisenberger, A.; Mantovani, A.; Motlagh, M.G.; de Alvarenga, P.G.; Katsovich, L.; Leckman, J.F;
Lisanby, S.H. Randomized Sham Controlled Double-blind Trial of Repetitive Transcranial Magnetic
Stimulation for Adults with Severe Tourette Syndrome. Brain Stimul. 2015, 8, 574-581. [CrossRef]

Shirota, Y.; Hamada, M.; Terao, Y.; Ohminami, S.; Tsutsumi, R.; Ugawa, Y.; Hanajima, R. Increased primary
motor cortical excitability by a single-pulse transcranial magnetic stimulation over the supplementary motor
area. Exp. Brain Res. 2012, 219, 339-349. [CrossRef]

Shirota, Y.; Hanajima, R.; Ohminami, S.; Tsutsumi, R.; Ugawa, Y.; Terao, Y. Supplementary motor area plays a
causal role in automatic inhibition of motor responses. Brain Stimul. 2019, 12, 1020-1026. [CrossRef]
Vanier, M.; Gauthffir, L.; Lambert, J.; Pepin, E.P; Robillard, A.; Dubouloz, C.J.; Gagnon, R.; Joannette, Y.
Evaluation of Left Visuospatial Neglect: Norms and Discrimination Power of Two Tests. Neuropsychology
1990, 4, 87-96. [CrossRef]

Mort, D.J.; Malhotra, P.; Mannan, S.K.; Rorden, C.; Pambakian, A.; Kennard, C.; Husain, M. The anatomy of
visual neglect. Brain 2003, 126, 1986-1997. [CrossRef] [PubMed]

Mort, D.J.; Kennard, C. Visual search and its disorders. Curr. Opin. Neurol. 2003, 16, 51-57. [CrossRef]
Karnath, H.O.; Fruhmann Berger, M.; Kuker, W.; Rorden, C. The anatomy of spatial neglect based on
voxelwise statistical analysis: A study of 140 patients. Cereb. Cortex 2004, 14, 1164-1172. [CrossRef] [PubMed]


http://dx.doi.org/10.1212/WNL.48.5.1398
http://www.ncbi.nlm.nih.gov/pubmed/9153480
http://dx.doi.org/10.1016/j.neuron.2004.12.033
http://www.ncbi.nlm.nih.gov/pubmed/15664172
http://dx.doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
http://dx.doi.org/10.1016/j.clinph.2015.01.030
http://dx.doi.org/10.3389/fnhum.2016.00598
http://dx.doi.org/10.1016/j.neulet.2018.12.010
http://dx.doi.org/10.1016/j.neulet.2020.134871
http://dx.doi.org/10.1016/j.neuroscience.2019.05.065
http://www.ncbi.nlm.nih.gov/pubmed/31195056
http://dx.doi.org/10.1016/j.brs.2018.02.005
http://www.ncbi.nlm.nih.gov/pubmed/29500043
http://dx.doi.org/10.1038/srep34509
http://www.ncbi.nlm.nih.gov/pubmed/27698365
http://dx.doi.org/10.1016/j.brs.2014.09.016
http://www.ncbi.nlm.nih.gov/pubmed/25444588
http://dx.doi.org/10.3389/fnhum.2018.00063
http://www.ncbi.nlm.nih.gov/pubmed/29497371
http://dx.doi.org/10.1038/s42003-019-0643-8
http://dx.doi.org/10.1016/j.neulet.2020.134863
http://dx.doi.org/10.1016/j.brs.2014.11.015
http://dx.doi.org/10.1007/s00221-012-3095-7
http://dx.doi.org/10.1016/j.brs.2019.03.002
http://dx.doi.org/10.1037/0894-4105.4.2.87
http://dx.doi.org/10.1093/brain/awg200
http://www.ncbi.nlm.nih.gov/pubmed/12821519
http://dx.doi.org/10.1097/00019052-200302000-00007
http://dx.doi.org/10.1093/cercor/bhh076
http://www.ncbi.nlm.nih.gov/pubmed/15142954

Brain Sci. 2020, 10, 1006 12 of 14

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Husain, M.; Rorden, C. Non-spatially lateralized mechanisms in hemispatial neglect. Nat. Rev. Neurosci.
2003, 4, 26-36. [CrossRef] [PubMed]

Yordanova, J.; Kolev, V.; Verleger, R.; Heide, W.; Grumbt, M.; Schurmann, M. Synchronization of fronto-parietal
beta and theta networks as a signature of visual awareness in neglect. Neurolmage 2017, 146, 341-354.
[CrossRef] [PubMed]

Kim, B.R.; Chun, M.H.; Kim, D.Y,; Lee, S.J. Effect of high- and low-frequency repetitive transcranial magnetic
stimulation on visuospatial neglect in patients with acute stroke: A double-blind, sham-controlled trial.
Arch. Phys. Med. Rehabil. 2013, 94, 803-807. [CrossRef]

Oliveri, M. Brain stimulation procedures for treatment of contralesional spatial neglect. Restor. Neurol.
Neurosci. 2011, 29, 421-425. [CrossRef]

Salazar, A.P.S.; Vaz, P.G.; Marchese, R.R; Stein, C.; Pinto, C.; Pagnussat, A.S. Noninvasive Brain Stimulation
Improves Hemispatial Neglect After Stroke: A Systematic Review and Meta-Analysis. Arch. Phys. Med.
Rehabil. 2018, 99, 355-366. [CrossRef]

Koch, G.; Bonni, S.; Giacobbe, V.; Bucchi, G.; Basile, B.; Lupo, F.; Versace, V.; Bozzali, M.; Caltagirone, C.
theta-burst stimulation of the left hemisphere accelerates recovery of hemispatial neglect. Neurology 2012,
78, 24-30. [CrossRef]

Fan,]; Li Y,; Yang, Y.;; Qu, Y;; Li, S. Efficacy of Noninvasive Brain Stimulation on Unilateral Neglect After Stroke:
A Systematic Review and Meta-analysis. Am. ]. Phys. Med. Rehabil. 2018, 97, 261-269. [CrossRef] [PubMed]
Kashiwada, Y.; Omichi, Y.; Kurimoto, S.; Shibata, H.; Miyake, Y.; Kirimoto, T.; Takaishi, Y. Conjugates of
a secoiridoid glucoside with a phenolic glucoside from the flower buds of Lonicera japonica Thunb.
Phytochemistry 2013, 96, 423-429. [CrossRef]

Oliveri, M.; Bisiach, E.; Brighina, F.; Piazza, A.; La Bua, V.; Buffa, D.; Fierro, B. rTMS of the unaffected
hemisphere transiently reduces contralesional visuospatial hemineglect. Neurology 2001, 57, 1338-1340.
[CrossRef] [PubMed]

Fierro, B.; Brighina, F.; Oliveri, M.; Piazza, A.; La Bua, V.; Buffa, D.; Bisiach, E. Contralateral neglect induced
by right posterior parietal rTMS in healthy subjects. Neuroreport 2000, 11, 1519-1521. [CrossRef] [PubMed]
Oldfield, R.C. The assessment and analysis of handedness: The Edinburgh inventory. Neuropsychologia 1971,
9, 97-113. [CrossRef]

Moseley, P.; Mitrenga, K.J.; Ellison, A.; Fernyhough, C. Investigating the roles of medial prefrontal and
superior temporal cortex in source monitoring. Neuropsychologia 2018, 120, 113-123. [CrossRef]

You, D.S.; Kim, D.Y.; Chun, M.H.; Jung, S.E.; Park, S.J. Cathodal transcranial direct current stimulation of
the right Wernicke’s area improves comprehension in subacute stroke patients. Brain Lang 2011, 119, 1-5.
[CrossRef]

Peirce, ].; Gray, ].R.; Simpson, S.; MacAskill, M.; Hochenberger, R.; Sogo, H.; Kastman, E.; Lindelov, ] K.
PsychoPy2: Experiments in behavior made easy. Behav. Res. Methods 2019, 51, 195-203. [CrossRef]

Bowers, D.; Heilman, K.M. Pseudoneglect: Effects of hemispace on a tactile line bisection task. Neuropsychologia
1980, 18, 491-498. [CrossRef]

Friedrich, T.E.; Hunter, P.V,; Elias, L.]. The Trajectory of Pseudoneglect in Adults: A Systematic Review.
Neuropsychol. Rev. 2018, 28, 436—452. [CrossRef]

Jewell, G.; McCourt, M.E. Pseudoneglect: A review and meta-analysis of performance factors in line bisection
tasks. Neuropsychologia 2000, 38, 93-110. [CrossRef]

Brodie, E.E.; Pettigrew, L.E.L. Is left always right? Directional deviations in visual line bisection as a function
of hand and initial scanning direction. Neuropsychologia 1996, 34, 467—470. [CrossRef]

Dellatolas, G.; Vanluchene, J.; Coutin, T. Visual and motor components in simple line bisection: Aninvestigation
in normal adults. Cogn. Brain Res. 1996, 4, 49-56. [CrossRef]

McCourt, M.E.; Mark, VW.; Radonovich, K.J.; Willison, S K.; Freeman, P. The effects of gender, menstrual phase
and practice on the perceived location of the midsagittal plane. Neuropsychologia 1997, 35, 717-724. [CrossRef]
McCourt, M.E.; Olafson, C. Cognitive and perceptual influences on visual line bisection: Psychophysical and
chronometric analyses of pseudoneglect. Neuropsychologia 1997, 35, 369-380. [CrossRef]

Manning, L.; Halligan, PW.; Marshall, ].C. Individual Variation in Line Bisection—A Study of Normal Subjects
with Application to the Interpretation of Visual Neglect. Neuropsychologia 1990, 28, 647—655. [CrossRef]
Albuquerque, W.W.; Costa, RM.; Fernandes Tde, S.; Porto, A.L. Evidences of the static magnetic field
influence on cellular systems. Prog. Biophys. Mol. Biol. 2016, 121, 16-28. [CrossRef]


http://dx.doi.org/10.1038/nrn1005
http://www.ncbi.nlm.nih.gov/pubmed/12511859
http://dx.doi.org/10.1016/j.neuroimage.2016.11.013
http://www.ncbi.nlm.nih.gov/pubmed/27840240
http://dx.doi.org/10.1016/j.apmr.2012.12.016
http://dx.doi.org/10.3233/RNN-2011-0613
http://dx.doi.org/10.1016/j.apmr.2017.07.009
http://dx.doi.org/10.1212/WNL.0b013e31823ed08f
http://dx.doi.org/10.1097/PHM.0000000000000834
http://www.ncbi.nlm.nih.gov/pubmed/28953034
http://dx.doi.org/10.1016/j.phytochem.2013.09.021
http://dx.doi.org/10.1212/WNL.57.7.1338
http://www.ncbi.nlm.nih.gov/pubmed/11591865
http://dx.doi.org/10.1097/00001756-200005150-00031
http://www.ncbi.nlm.nih.gov/pubmed/10841369
http://dx.doi.org/10.1016/0028-3932(71)90067-4
http://dx.doi.org/10.1016/j.neuropsychologia.2018.10.001
http://dx.doi.org/10.1016/j.bandl.2011.05.002
http://dx.doi.org/10.3758/s13428-018-01193-y
http://dx.doi.org/10.1016/0028-3932(80)90151-7
http://dx.doi.org/10.1007/s11065-018-9392-6
http://dx.doi.org/10.1016/S0028-3932(99)00045-7
http://dx.doi.org/10.1016/0028-3932(95)00130-1
http://dx.doi.org/10.1016/0926-6410(96)00019-5
http://dx.doi.org/10.1016/S0028-3932(96)00115-7
http://dx.doi.org/10.1016/S0028-3932(96)00143-1
http://dx.doi.org/10.1016/0028-3932(90)90119-9
http://dx.doi.org/10.1016/j.pbiomolbio.2016.03.003

Brain Sci. 2020, 10, 1006 13 of 14

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Lu, X.W,; Du, L.; Kou, L.; Song, N.; Zhang, Y.J.; Wu, M.K.; Shen, J.F. Effects of moderate static magnetic fields
on the voltage-gated sodium and calcium channel currents in trigeminal ganglion neurons. Electromagn. Biol.
Med. 2015, 34, 285-292. [CrossRef]

Rosen, A.D. Mechanism of action of moderate-intensity static magnetic fields on biological systems.
Cell Biochem. Biophys. 2003, 39, 163-173. [CrossRef]

Rosen, A.D. Inhibition of calcium channel activation in GH3 cells by static magnetic fields. Biochim. Biophys.
Acta (BBA)-Biomembr. 1996, 1282, 149-155. [CrossRef]

Hernando, A.; Galvez, F,; Garcia, M.A.; Soto-Leon, V.; Alonso-Bonilla, C.; Aguilar, J.; Oliviero, A. Effects of
Moderate Static Magnetic Field on Neural Systems Is a Non-invasive Mechanical Stimulation of the Brain
Possible Theoretically? Front. Neurosci. 2020, 14, 419. [CrossRef] [PubMed]

Carrasco-Lopez, C.; Soto-Leon, V.; Cespedes, V.; Profice, P; Strange, B.A.; Foffani, G.; Oliviero, A.
Static Magnetic Field Stimulation over Parietal Cortex Enhances Somatosensory Detection in Humans.
J. Neurosci. 2017, 37, 3840-3847. [CrossRef] [PubMed]

Gonzalez-Rosa, ].J.; Soto-Leon, V.; Real, P.; Carrasco-Lopez, C.; Foffani, G.; Strange, B.A.; Oliviero, A.
Static Magnetic Field Stimulation over the Visual Cortex Increases Alpha Oscillations and Slows Visual
Search in Humans. J. Neurosci. 2015, 35, 9182-9193. [CrossRef] [PubMed]

Lozano-Soto, E.; Soto-Leon, V.; Sabbarese, S.; Ruiz-Alvarez, L.; Sanchez-Del-Rio, M.; Aguilar, ].; Strange, B.A;
Foffani, G.; Oliviero, A. Transcranial static magnetic field stimulation (tSMS) of the visual cortex decreases
experimental photophobia. Cephalalgia Int. ]. Headache 2018, 38, 1493-1497. [CrossRef]

Heimrath, K.; Sproggel, A.; Repplinger, S.; Heinze, H.J.; Zaehle, T. Transcranial Static Magnetic Field
Stimulation Over the Temporal Cortex Modulating the Right Ear Advantage in Dichotic Listening.
Neuromodul. . Int. Neuromodul. Soc. 2019. [CrossRef]

Matsugi, A.; Okada, Y. Cerebellar transcranial static magnetic field stimulation transiently reduces cerebellar
brain inhibition. Funct. Neurol. 2017, 32, 77-82. [CrossRef]

Corbetta, M.; Shulman, G.L. Spatial neglect and attention networks. Annu. Rev. Neurosci. 2011, 34, 569-599.
[CrossRef]

Corbetta, M.; Kincade, M.].; Lewis, C.; Snyder, A.Z.; Sapir, A. Neural basis and recovery of spatial attention
deficits in spatial neglect. Nat. Neurosci. 2005, 8, 1603-1610. [CrossRef]

He, B.J.,; Snyder, A.Z.; Vincent, ].L.; Epstein, A.; Shulman, G.L.; Corbetta, M. Breakdown of functional
connectivity in frontoparietal networks underlies behavioral deficits in spatial neglect. Neuron 2007, 53,
905-918. [CrossRef]

Lunven, M.; Bartolomeo, P. Attention and spatial cognition: Neural and anatomical substrates of visual
neglect. Ann. Phys. Rehabil. Med. 2017, 60, 124-129. [CrossRef]

Rivadulla, C.; Foffani, G.; Oliviero, A. Magnetic field strength and reproducibility of neodymium magnets
useful for transcranial static magnetic field stimulation of the human cortex. Neuromodulation Technol. Neural
Interface 2014, 17, 438-441; discussion 441-432. [CrossRef] [PubMed]

Hashemi, S.; Abdolali, A. Three-dimensional analysis, modeling, and simulation of the effect of static
magnetic fields on neurons. Bioelectromagnetics 2017, 38, 128-136. [CrossRef] [PubMed]

Park, ].; Lee, C.; Lee, S.; Im, C.H. Comparison of magnetic field distributions generated by various permanent
magnets for transcranial static magnetic stimulation: A simulation study. Comput. Biol. Med. 2019, 114,
103476. [CrossRef] [PubMed]

Tharayil, ].J.; Goetz, S.M.; Bernabei, ].M.; Peterchev, A.V. Field Distribution of Transcranial Static Magnetic
Stimulation in Realistic Human Head Model. Neuromodulation Technol. Neural Interface 2018, 21, 340-347.
[CrossRef]

Arene, N.U; Hillis, A.E. Rehabilitation of unilateral spatial neglect and neuroimaging. Eur. Med. 2007, 43,
255-269.

Ringman, J.M.; Saver, J.L.; Woolson, R.F; Clarke, W.R.; Adams, H.P. Frequency, risk factors, anatomy,
and course of unilateral neglect in an acute stroke cohort. Neurology 2004, 63, 468—474. [CrossRef]
Pedersen, PM.; Jorgensen, H.S.; Nakayama, H.; Raaschou, H.O.; Olsen, T.S. Hemineglect in acute
stroke—Incidence and prognostic implications—The Copenhagen Stroke Study. Am. . Phys. Med. Rehabil.
1997, 76, 122-127. [CrossRef] [PubMed]

Karnath, H.O.; Rennig, J.; Johannsen, L.; Rorden, C. The anatomy underlying acute versus chronic spatial
neglect: A longitudinal study. Brain 2011, 134, 903-912. [CrossRef]


http://dx.doi.org/10.3109/15368378.2014.906448
http://dx.doi.org/10.1385/CBB:39:2:163
http://dx.doi.org/10.1016/0005-2736(96)00053-3
http://dx.doi.org/10.3389/fnins.2020.00419
http://www.ncbi.nlm.nih.gov/pubmed/32508563
http://dx.doi.org/10.1523/JNEUROSCI.2123-16.2017
http://www.ncbi.nlm.nih.gov/pubmed/28280254
http://dx.doi.org/10.1523/JNEUROSCI.4232-14.2015
http://www.ncbi.nlm.nih.gov/pubmed/26085640
http://dx.doi.org/10.1177/0333102417736899
http://dx.doi.org/10.1111/ner.13023
http://dx.doi.org/10.11138/FNeur/2017.32.2.077
http://dx.doi.org/10.1146/annurev-neuro-061010-113731
http://dx.doi.org/10.1038/nn1574
http://dx.doi.org/10.1016/j.neuron.2007.02.013
http://dx.doi.org/10.1016/j.rehab.2016.01.004
http://dx.doi.org/10.1111/ner.12125
http://www.ncbi.nlm.nih.gov/pubmed/24125470
http://dx.doi.org/10.1002/bem.22019
http://www.ncbi.nlm.nih.gov/pubmed/27862074
http://dx.doi.org/10.1016/j.compbiomed.2019.103476
http://www.ncbi.nlm.nih.gov/pubmed/31585401
http://dx.doi.org/10.1111/ner.12699
http://dx.doi.org/10.1212/01.WNL.0000133011.10689.CE
http://dx.doi.org/10.1097/00002060-199703000-00007
http://www.ncbi.nlm.nih.gov/pubmed/9129518
http://dx.doi.org/10.1093/brain/awq355

Brain Sci. 2020, 10, 1006 14 of 14

69.

70.

71.

72.

Bowen, A_; Lincoln, N.B.; Dewey, M.E. Spatial neglect: Is rehabilitation effective? Stroke 2002, 33, 2728-2729.
[CrossRef]

Kashiwagi, F.T.; E1 Dib, R.; Gomaa, H.; Gawish, N.; Suzumura, E.A.; da Silva, T.R.; Winckler, F.C.; de Souza, ].T.;
Conforto, A.B.; Luvizutto, G.J.; et al. Noninvasive Brain Stimulations for Unilateral Spatial Neglect after
Stroke: A Systematic Review and Meta-Analysis of Randomized and Nonrandomized Controlled Trials.
Neural Plast 2018, 2018, 1638763. [CrossRef]

Lefaucheur, J.P; Antal, A.; Ayache, S.S.; Benninger, D.H.; Brunelin, J.; Cogiamanian, F; Cotelli, M.;
De Ridder, D.; Ferrucci, R.; Langguth, B.; et al. Evidence-based guidelines on the therapeutic use of
transcranial direct current stimulation (tDCS). Clin. Neurophysiol. 2017, 128, 56-92. [CrossRef] [PubMed]
Lefaucheur, J.P; Andre-Obadia, N.; Antal, A.; Ayache, S.S.; Baeken, C.; Benninger, D.H.; Cantello, RM.;
Cincotta, M.; de Carvalho, M.; De Ridder, D.; et al. Evidence-based guidelines on the therapeutic use of repetitive
transcranial magnetic stimulation (rTMS). Clin. Neurophysiol. 2014, 125, 2150-2206. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1161/01.STR.0000035747.03607.1A
http://dx.doi.org/10.1155/2018/1638763
http://dx.doi.org/10.1016/j.clinph.2016.10.087
http://www.ncbi.nlm.nih.gov/pubmed/27866120
http://dx.doi.org/10.1016/j.clinph.2014.05.021
http://www.ncbi.nlm.nih.gov/pubmed/25034472
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects 
	Experimental Procedure 
	Intervention Experiment 
	Preliminary Experiment 

	Transcranial Static Magnetic Stimulation (tSMS) 
	Line Length Judgement Task 
	Data and Statical Analyses 
	Scoring of Task Performance 
	Preliminary Experiment 
	Intervention Experiment 


	Results 
	Inter-Trial Reproducibility of the Score in Line Length Judgement Task 
	Effects of tSMS on the Scores of Line Length Judgement Task 

	Discussion 
	Leftward and Rightward Biases in Healthy Individuals 
	Putative Mechanisms Underlying Change in the Score of Line Length Judgement Task by tSMS Over C6 
	Clinical Application 

	Conclusions 
	
	References

