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Abstract

Background: Transcranial static magnetic stimulation (tSMS) as a 
new noninvasive brain stimulation (NIBS) technique is gradually gain-
ing widespread attention. This study aims to investigate the effects of 
tSMS on the excitability of the somatosensory cortex in healthy adults.

Methods: Forty healthy volunteers were recruited and randomly as-
signed to either the intervention group (tSMS) or the control group 
(sham), with 20 participants in each. The intervention group received 
30 min of 180 mT neodymium magnet stimulation at the C3 site, 
while the control group underwent sham stimulation with a non-mag-
netic cylinder. Electrodes were placed at the C3 and Fz sites according 
to the 10-20 system. Somatosensory evoked potentials (SEPs) N20 
component amplitudes were measured at baseline, immediately after 
stimulation (0 - 2 min), 5 - 7 min, and 10 - 12 min post-stimulation to 
evaluate the effects on cortical excitability.

Results: Following 30 min of static magnetic stimulation, the SEP 
N20 component amplitude at the C3 site in the tSMS group decreased 
by an average of 13.2%, with a significant reduction of 13.7% within 
0 - 2 min post-stimulation (P < 0.001). This decrease persisted at 5 - 7 
min, with a reduction of 16.6% (P < 0.001), and diminished to 9.3% 
at 10 - 12 min (P = 0.034). Significant differences were observed be-
tween time points and groups (P = 0.003). In the control group, no 
significant changes were observed in SEP N20 component amplitude 
throughout the experiment (P = 0.382), and there was no significant 
difference between the two groups (P = 0.195).

Conclusions: These results confirm that a single session of tSMS ef-
fectively inhibits cortical excitability in the somatosensory cortex of 

young adults. This finding underscores the potential of tSMS as a 
promising, noninvasive brain stimulation technique with broad future 
applications.
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Introduction

Noninvasive brain stimulation (NIBS) techniques, such as 
repetitive transcranial magnetic stimulation (rTMS) and tran-
scranial direct current stimulation (tDCS), have been exten-
sively utilized in the treatment of various neurological and 
psychiatric disorders, as well as in rehabilitation. These meth-
ods are favored for their noninvasive nature, environmental 
friendliness, and ease of operation. NIBS has proven effective 
in managing conditions such as depression [1, 2], anxiety [3], 
and post-stroke [4, 5] sequelae by modulating neuronal activi-
ty and promoting neuroplasticity. However, despite their wide-
spread use and clinical efficacy, traditional NIBS techniques 
have several limitations.

rTMS, for example, involves the use of electrical cur-
rents to generate magnetic pulses that penetrate the skull and 
stimulate brain tissue [6]. While effective, it still has some 
limitations. For example, during treatment, scalp discomfort 
and tingling sensations may occur if the stimulation intensity 
is too high or if the procedure is not performed correctly. In 
more severe cases, it could lead to fainting or trigger seizures 
[7, 8]. Additionally, there are drawbacks such as high equip-
ment costs, complex operation, high maintenance expenses, 
and poor portability, which limit its accessibility and broader 
clinical adoption. Similarly, tDCS uses a low electrical current 
delivered through electrodes placed on the scalp [9], but it also 
shares the limitations of potential discomfort and the need for 
sophisticated equipment. Additionally, prolonged use of these 
devices is often restricted due to overheating issues, further 
hindering their widespread application.

In response to these challenges, researchers have been 
actively exploring alternative neuromodulation methods that 
can overcome the drawbacks of traditional NIBS. One such 
promising technique is transcranial static magnetic stimulation 
(tSMS). Unlike rTMS and tDCS, tSMS utilizes a stable static 
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magnetic field to modulate neuronal electrophysiological ac-
tivity without relying on electrical currents or time-varying 
magnetic pulses. This method has shown potential in modulat-
ing motor [10], cognitive [11], sensory [12], and visual pro-
cessing [13] functions across various cortical regions. The ef-
fects of tSMS are dependent on the intensity and duration of 
stimulation, and emerging research suggests it could have ther-
apeutic applications in conditions such as Parkinson’s disease 
[14], epilepsy [15], Huntington’s disease [16], and stroke [17].

tSMS is particularly notable for its portability, safety, cost-
effectiveness, and broad potential to influence human brain 
activity and behavior. The study shows that 2 h of tSMS is 
safe for cortical stimulation, with no increase in markers of 
neural damage observed [18]. However, current research on 
tSMS is limited, with most studies utilizing higher magnetic 
field strengths around 1T for short durations of 10 - 20 min 
[19]. These studies have primarily focused on understanding 
the inhibitory effects of tSMS, which, while effective, are of-
ten short-lived. The underlying mechanisms of tSMS are not 
yet fully understood, and the research is still in its early stages. 
This study aims to extend this research by investigating wheth-
er a moderate-intensity magnetic field of 180 mT, applied over 
a longer duration (30 min), can similarly modulate cortical ex-
citability. By systematically exploring the efficacy of tSMS in 
modulating the excitability of the somatosensory cortex, we 
seek to establish a robust theoretical and practical foundation 
for its clinical application. This approach not only contributes 
valuable insights into the potential of tSMS at different intensi-
ties and durations but also helps pave the way for its broader 
use in neuromodulation therapies.

Materials and Methods

Subjects

This study recruited 40 healthy subjects, all right-handed, aged 
18 to 47 years (16 males and 24 females). None of the subjects 
had any physical, psychological, or psychiatric disorders, and 
pregnant or lactating women were excluded. All participants 
provided informed consent and signed an informed consent 
form.

Ethical approval

The study was approved by the Ethics Committee of the Affili-
ated Hospital of Guilin Medical University (2023YJSLL-183), 
which abides by the ethical principles of the Helsinki Declara-
tion of 1975 (revised in 2000).

tSMS processing

In this study, 40 healthy volunteers were randomly divided 
into two equal groups using a random number table method: 
an intervention group (tSMS group) and a control group (sham 
stimulation group), with 20 healthy subjects in each group. 

The intervention group received a 30-min application of tSMS 
using a cylindrical neodymium magnet (central magnetic field 
strength of 180 mT, diameter 50 mm, height 30 mm, weight 
0.52 kg). The study by Dileone et al [20] indicates that 30 min 
of tSMS produced a more lasting effect on the primary motor 
cortex area (M1) region. Some studies have shown that the 
magnetic field strength and magnetic field gradients are rela-
tively high at 23 cm away from the magnet surface when Nd 
magnets with strength of 120 to 200 mT are applied to human 
scalps [21]. The magnet’s south pole was centered and placed 
vertically against the scalp at the C3 location (as determined 
by the international 10-20 system for electrode placement), 
as shown in Figure 1. The control group underwent the same 
setup and procedure, receiving sham stimulation with a non-
magnetic stainless steel cylinder of identical dimensions and 
weight. Electrodes were placed at the C3 site, according to the 
international 10-20 system, with the reference electrode placed 
at the Fz site, as shown in Figure 2. Electrophysiological pa-
rameters of the N20 component of the somatosensory evoked 
potential (SEP) at the C3 site were recorded using an elec-
tromyography and evoked potential recording system (with 
electrodes made of Ag-AgCl, and an electrode ring diameter 
of 10 mm), after stimulating the right median nerve (stimula-
tion intensity: 4 - 10 mA, 80 - 150 repetitions, stimulation fre-
quency: 1.9 Hz, stimulation pulse width: 200 µs). The changes 
in the amplitude of the N20 component of the SEP before and 
after the intervention were compared between the two groups. 
All electrode impedance values were kept below 10 kΩ. SEP 
recordings were taken at four time points: before stimulation 
(T0), 0 - 2 min after the end of stimulation (T1), 5 - 7 min after 
stimulation (T2), and 10 - 12 min after stimulation (T3), as 
shown in Figures 3 and 4.

Statistical analysis

Categorical data were compared using the Chi-square test, 

Figure 1. Diagram of the tSMS intervention measures model. Using a 
floor-to-ceiling mobile stent to attach a neodymium magnet (south pole) 
and a non-magnetic stainless steel cylinder to the subject’s C3 scalp. 
tSMS: transcranial static magnetic stimulation.
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while quantitative data were compared using the t-test. Nor-
mally distributed quantitative data were expressed as mean ± 
standard deviation (X ± S). For overall comparisons, repeated 
measures analysis of variance (ANOVA) was employed, and 
independent sample t-tests were used to examine differences 
between groups at each time point. If interactions between 
time points and groups were identified, pairwise comparisons 
within each group at different time points were conducted sep-
arately. A P value < 0.05 was considered statistically signifi-
cant for all analyses in this study.

Results

Demographic characteristics

The demographic characteristics, including gender and age, 
were well balanced between the intervention and control 
groups, with no statistically significant differences observed 
(P > 0.05), as detailed in Table 1.

All participants successfully completed the scheduled in-

terventions without experiencing any adverse reactions, such 
as dizziness, headache, nausea, palpitations, or chest tightness.

Repeated measures ANOVA before and after intervention

A repeated measures ANOVA was conducted to compare the 
pre- and post-intervention data between the intervention and 
control groups. The sphericity of the repeated measures data 
was evaluated using Mauchly’s test, yielding a P value greater 
than 0.05 (Table 2, Fig. 5). This result indicates that the as-
sumption of sphericity was met, allowing the study to proceed 
with the analysis without applying any corrections to the re-
sults.

Comparison of intervention effects between two groups of 
subjects

When comparing the mean N20 amplitude across four time 
points between the tSMS group and the sham stimulation 
group, no statistically significant differences were observed 

Table 1.  General Information of Two Groups of Subjects Before Intervention

Group Number of cases Age
Gender

Male Female
tSMS group 20 27.25 ± 7.86 10 10
Sham stimulation group 20 28.40 ± 6.60 6 14
t/χ2 0.501 1.667
P 0.619 0.197

tSMS: transcranial static magnetic stimulation.

Figure 2. Pattern map of C3 and Fz sites. Based on the international 
10-20 system electrode placement method to determine the C3 and Fz 
sites, SEP is recorded from the C3 (parietal cortex) and Fz (forehead) 
sites. SEP: somatosensory evoked potential.

Figure 3. Intervention timeline. T0 represents before stimulation, T1 
represents 0 - 2 min after stimulation, T2 represents 5 - 7 min after 
stimulation, and T3 represents 10 - 12 min after stimulation. A 30-min 
tSMS or sham stimulation is applied between T0 and T1. tSMS: tran-
scranial static magnetic stimulation.

Figure 4. SEP wave map: a SEP waveform recorded using electro-
myography and evoked potential stimulation of the right median nerve. 
SEP: somatosensory evoked potential.
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between the groups (P > 0.05). However, within the tSMS 
group, significant decreases in SEP N20 amplitude were de-
tected between baseline (T0) and the subsequent time points 
T1, T2, and T3 (P < 0.05), with a specific P value of 0.008. 

In contrast, within the sham stimulation group, P values were 
consistently above 0.544, indicating no statistically significant 
changes across the four pre- and post-intervention time points 
(P > 0.05). The between-group comparison yielded a P value 
of 0.195, further confirming that there were no statistically 
significant differences between the tSMS and sham stimula-
tion groups (P > 0.05). However, the within-group analysis 
produced a P value of < 0.001, indicating significant effects 
within each group. Additionally, the interaction between time 
points and groups was statistically significant, with a P value 
of 0.003, demonstrating significant differences across time 
points within and between the groups (P < 0.05). For detailed 
data, refer to Table 3 and Figures 6, 7.

Subanalysis of four time points within tSMS and sham 
stimulation groups

The data analysis revealed a significant interaction effect be-
tween time points and groups (P < 0.05), necessitating separate 
analyses for the tSMS and sham stimulation groups.

Within the tSMS group, comparisons between baseline 
(T0) and subsequent time points T1, T2, and T3 demonstrated 

Table 3.  Comparison of the Two Groups of Subjects Before 
and After Intervention

tSMS group 
(n = 20)

Sham stimu-
lation group 
(n = 20)

t P

T0 5.59 ± 1.45 5.9 ± 2.4 0.491 0.626
T1 4.82 ± 1.54 5.78 ± 2.26 1.561 0.127
T2 4.66 ± 1.72 5.81 ± 2.28 1.801 0.080
T3 5.07 ± 1.70 5.87 ± 2.20 1.295 0.203
F 8.861 0.382
P 0.008 0.544
Intergroup effect F = 1.743 P = 0.195
Intragroup effect F = 7.735 P < 0.001
Time point groupa F = 4.822 P = 0.003

aStatistical significance was found between T0 and T1, T0 and T2, and 
T0 and T3 in the tSMS group (P < 0.05), while no significant differences 
were observed for the other comparisons (P > 0.05). tSMS: transcranial 
static magnetic stimulation.

Table 2.  Description Statistics of Two Groups of Subjects

Time point tSMS group  
(n = 20)

Sham stimulation 
group (n = 20)

T0 5.59 ± 1.45 5.9 ± 2.4
T1 4.82 ± 1.54 5.78 ± 2.26
T2 4.66 ± 1.72 5.81 ± 2.28
T3 5.07 ± 1.70 5.87 ± 2.20
Sphericity test P = 0.52

Sphericity test P > 0.05, indicating that it meets the sphericity test. 
tSMS: transcranial static magnetic stimulation.

Figure 5. A line graph of the mean values for both the intervention 
and control groups at four time points (T0, T1, T2, T3). In the interven-
tion group, a significant downward trend is observed at T1 time point, 
which still remains significant at T2. At T3, the downward trend begins 
to weaken.

Figure 6. A linear graph of the mean values at four time points for both 
the intervention and control groups. The mean values at T1, T2, and T3 
in the intervention group were significantly different from T0, with the 
largest difference observed at T2. In contrast, no significant differences 
were observed in the control group.

Figure 7. Changes in excitability from T0 to T1 for individual subjects in 
both the control and intervention groups. In the intervention group, sig-
nificant differences were found between T0 and T1, while no significant 
differences were observed in the control group. Additionally, the control 
group showed large individual differences.
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statistically significant differences (P < 0.05). However, com-
parisons between other time points within the tSMS group 
showed no significant effects (P > 0.05). For detailed statistical 
outcomes, refer to Table 4.

The comparison within the sham stimulation group across 
four time points did not show statistically significant differ-
ences (P > 0.05), as detailed in Table 5.

Discussion

Our study demonstrated that a 30-min session of tSMS led to 
an average decrease of 13.2% in the N20 component ampli-
tude of SEP in the tSMS group, indicating a significant inhibi-
tory effect on the somatosensory cortex. This effect was most 
pronounced immediately after stimulation, with a peak reduc-
tion of 13.7% at 0 - 2 min, remaining significant at 5 - 7 min, 
and diminishing by 10 - 12 min. These findings confirm that 
tSMS significantly modulates somatosensory cortex excitabil-
ity, though the effect is transient. In contrast, the sham stimula-
tion group showed no significant changes, indicating that the 
observed effects were specific to the tSMS intervention. This 
aligns with existing literature [19, 22, 23], which suggests that 
tSMS effects are generally short-term and vary depending on 
the brain region and stimulation duration. While other studies 
have explored shorter interventions [24], our findings suggest 
that the effects of tSMS are context-dependent and may re-
quire optimization for different applications.

The exact mechanisms underlying tSMS’s effects are not 
fully understood, but it is believed to involve changes in mem-
brane phospholipid orientation and ion channel function [25], 
possibly influenced by the Lorentz force [26]. These changes 
could affect neuronal excitability and synaptic transmission, 
contributing to the observed inhibitory effects. The transient 
nature of these effects suggests that neurons may require adap-
tive mechanisms to counteract sustained static magnetic fields. 
Future research should explore the biological mechanisms at 
play, the potential for cumulative effects with repeated ses-
sions, and the combination of tSMS with other neuromodula-
tion techniques for enhanced outcomes.

While our study provides valuable insights, it is impor-
tant to acknowledge several limitations. Most literature indi-
cates that tSMS primarily exerts inhibitory effects, a finding 
corroborated across multiple domains [20, 27, 28]. The small 
sample size limits the generalizability of the findings, and the 
lack of research on cumulative effects means that the long-
term impact of tSMS remains unclear. Additionally, external 
factors such as head movement and variations in head anat-
omy may have influenced the results. The similarity between 
the neodymium magnets and the sham devices may not have 
fully eliminated placebo effects. Future research should ad-
dress these limitations by using larger sample sizes, improving 
control conditions, and refining study designs to enhance the 
reliability of the results. Moving forward, we plan to increase 
the treatment intensity and conduct continuous sessions over 
5 - 10 days to observe potential cumulative effects of tSMS.

In the present study, we did not observe that subjects had 
adverse reactions or discomfort, highlighting the safety of 
tSMS. Previous research supports its safety even in prolonged 
sessions, making it a viable option compared to other nonin-
vasive brain stimulation techniques. As a noninvasive brain 
stimulation technology, tSMS has demonstrated its effective-
ness and safety in healthy adults over the past decade [18], and 
it is now gradually entering the clinical application phase for 
the treatment and rehabilitation of neurological diseases. With 
the accumulation of research on its application in the treatment 
of Parkinson’s disease [14], post-stroke sequelae [17], epilepsy 
[15], and other conditions, as well as exploration of its effects 
on brain development in children [29], tSMS shows tremen-
dous potential in the field of neurorehabilitation. Compared 
to TMS, tSMS operates without electrical currents, minimizes 
patient discomfort, is easy to administer, suitable for long-term 
and repeated treatments, and does not require expensive equip-
ment, making it a cost-effective and practical option for both 
clinical and home-based applications. These advantages make 
it more favorable in terms of patient compliance, especially in 
the case of long-term continuous treatments. These features, 
coupled with its demonstrated efficacy, advocate for the wider 
adoption of tSMS in clinical research and practice.

This study revealed the inhibitory effect of tSMS on the 
sensory cortex and provided new insights into its potential 
mechanisms, particularly in terms of changes in membrane 

Table 4.  Comparison of Time Before and After Intervention in 
tSMS Group

Time point tSMS group time point 
difference (n = 20) P 95% CI

T0 and T1 0.77 ± 0.14 < 0.001 0.37, 1.16
T0 and T2 0.93 ± 0.16 < 0.001 0.48, 1.38
T0 and T3 0.52 ± 0.18 0.034 0.03, 1.01
T1 and T2 0.17 ± 0.17 0.910 -0.30, 0.63
T1 and T3 0.25 ± 0.18 0.675 -0.73, 0.24
T2 and T3 0.41 ± 0.15 0.061 -0.83, 0.01

Statistical significance was observed between T0 and T1, T0 and T2, 
and T0 and T3 in the tSMS group (P < 0.05), while no statistical signifi-
cance was found for the other comparisons (P > 0.05). tSMS: transcra-
nial static magnetic stimulation; CI: confidence interval.

Table 5.  Comparison of Time Before and After Intervention in 
Control Group

Time point Sham stimulation group time 
point difference (n = 20) P 95% CI

T0 and T1 0.12 ± 0.14 0.956 -0.28, 0.52
T0 and T2 0.09 ± 0.16 0.995 -0.36, 0.54
T0 and T3 0.03 ± 0.18 > 0.999 -0.47, 0.52
T1 and T2 0.03 ± 0.17 > 0.999 -0.50, 0.44
T1 and T3 0.10 ± 0.18 0.995 -0.58, 0.39
T2 and T3 0.07 ± 0.15 0.999 -0.49, 0.36

There was no significant statistical difference between the four time 
points in the control group (P > 0.05). CI: confidence interval.
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lipid orientation and ion channel function. This mechanistic 
investigation may help improve the understanding of how 
static magnetic fields can modulate neural networks and pro-
vide foundational theoretical support for future clinical ap-
plications. The study also indicates that the effects of tSMS 
are short-term and related to the stimulation intensity and the 
selectivity of the targeted brain regions. This suggests that in 
clinical applications, personalized adjustments could be made 
based on the specific pathological conditions and needs of 
individual patients. For instance, some patients may require 
longer or more frequent stimulation to achieve lasting effects, 
or they may benefit from combining tSMS with other thera-
peutic methods to enhance efficacy. This provides clear direc-
tions for future preclinical research, including exploring the 
cumulative effects of repeated treatments, combined applica-
tions with other neuromodulation techniques, and individual-
ized treatment plans for patients.

In conclusion, this study confirms that a single 30-min 
session of tSMS effectively reduces excitability in the soma-
tosensory cortex of young adults, demonstrating its potential 
as a novel, noninvasive neuroregulatory technique with sub-
stantial applications.
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