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Abstract: Objective. To test the hypothesis that a session of unilateral tSMS over the dominant primary motor
cortex (M1) in healthy subjects produces a transient decrease in manual dexterity. Methods. A triple-blinded
randomized control trial was conducted in 40 healthy participants who were allocated to real- or sham-tSMS
group. Each participant underwent one session of tSMS and were assessed before, immediately after, 15
minutes, and 40 minutes after stimulation. Outcome measures were Finger Tapping Test (FTT), 5-seconds FTT,
nine Hole Peg Test, and the hand grip assessment. Results: Significant differences were found between groups
15 minutes after stimulation in favor of the tSMS group in the FTT (2.2 + 0.99; CI= .18-4.22; d= .84p=.034), and
5-second FTT (4.2 + 1.98; CI=.199-8.2, d= .68; p=.04). In the intragroup analysis, a significantly lower number of
taps 15 minutes after stimulation was observed in sham group (3.3 + 1.01; CI= .47-6.13; d= .42; p=.015), but not
in the real stimulation group. Conclusion: A unilateral session of tSMS in the M1 of the dominant hemisphere
of healthy individuals does not reduce manual dexterity or grip strength. This technique could have benefits
on the motor performance of the arm contralateral to the stimulated motor cortex

Keywords: Manual Dexterity; Motor Cortex; Non-Invasive Brain Stimulation (NIBS); Transcranial Static
Magnetic Field Stimulation (tSMS)

1. Introduction

Transcranial static magnetic field stimulation (tSMS) is a novel brain stimulation technique that
has been shown to be safe and effective in modifying biological parameters when applied to the
cerebral cortex. Its application decreases cortical excitability, regardless of the polarity of the
magnetic field, reducing the amplitude of motor evoked potentials (MEP), which are maintained for
at least 30 minutes after 30-minute applications [1,2]. Despite having demonstrated
neurophysiological effects in previous studies, the effects of tSMS application on manual dexterity
and force production have not yet been clearly established [3]. There are two previous studies in this
regard, which applied a single session of bihemispheric tSMS in healthy subjects for 30 minutes on
both M1; Nakagawa et al. [4] observed an alteration in the performance of bimanual ballistic
movements, and Pineda Pardo et al. [5] observed a decrease in motor response time to a stimulus.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Different non-invasive brain stimulation (NIBS) techniques have been proposed for the
treatment of movement disorders in neurological pathology, such as repetitive transcranial magnetic
stimulation (rTMS), or transcranial direct current stimulation (tDCS), especially in stroke [6]. These
NIBS have demonstrated effectiveness in various models of approach, stimulating the affected
cerebral hemisphere after stroke, or inhibiting the healthy hemisphere, according to the
interhemispheric inhibition model [7,8]. This model is based on unilateral inhibition of the healthy
hemisphere, which would reduce the interhemispheric inhibition exerted on the affected hemisphere
and allow an indirect increase in the cortical activity of the affected hemisphere.

According to this model, Shibata et al. [9], and Takamatsu et al. [10], applied tSMS in a single
magnet model on the motor cortex of a single hemisphere. In these studies, tSMS produces a decrease
in the amplitude of MEPs in the cortex located under the area of the magnet and increases the MEPs
of the cortex contralateral to the stimulated one. These authors also observed a decrease in the
inhibition exerted by the stimulated hemisphere on the non-stimulated hemisphere [10].

In line with the findings of these recent studies tSMS is presented as a potentially useful tool in
the management of interhemispheric inhibition whereby reducing the excitability of the healthy
cerebral hemisphere would produce an increase in the activity of the injured cerebral hemisphere [9-
12]. The present study aims to evaluate changes in manual dexterity and force production after
unilateral application of a tSMS session over the dominant primary motor cortex (M1). It is
hypothesized that the application of tSMS will momentarily decrease the parameters of manual
dexterity and strength in the upper limb contralateral to the stimulated cortex, without changes in
the strength and dexterity of the unstimulated hemibody.

2. Methods
2.1. Study Design

The study was conducted with a triple-blind, parallel, placebo-controlled design to ensure that
neither the subjects nor the investigators were aware of the stimulation condition. The study was
conducted in accordance with the 642 Declaration of Helsinki (revised version 2013, Fortaleza, Brazil)
and approved by the local ethics committee (Rey Juan Carlos University; 2403202113221). The study
was registered on ClinicalTrials.gov (NCT05260190). No substantial changes in methods were made
after the start of the trial. Screening started in September 2021 and the last patient exit occurred in
June 2022. The study was conducted in accordance with the CONSORT statement for randomized
clinical trials.

2.2. Participants

Written informed consent was obtained before all procedures. Participants were recruited from
the Rey Juan Carlos University (Madrid, Spain). Inclusion criteria were as follows: (i) age between 18
and 60 years; (ii) absence of cognitive impairment (Mini-Mental State Examination score > 25) (iii)
adequate comprehension of verbal and written information, sufficient to complete the tests. Exclusion
criteria were as follows: (i) presence of metallic implants (e.g., neurostimulator, pacemaker, cochlear
implant, or metallic elements in the head or around the eyes); (ii) diagnosis of epilepsy or being under
treatment with antiepileptic drugs; (iii) diagnosis of unstable cardiovascular disease; (iv) diagnosis
of any disease or condition that may interfere with this study; (v) use of drugs that may influence
with neuromuscular function in the last two weeks (narcotic analgesics or muscle relaxants).

2.3. Interventions

All experimental procedures were conducted at the Motion Analysis, Biomechanics,
Ergonomics, and Control Laboratory (LAMBECOM) at Rey Juan Carlos University, Spain.
Participants made one visit to the laboratory. Participants made one visit to the laboratory. Each
session lasted 90 min. After clinical data collection, the 30 minutes tSMS intervention was
administered in a comfortable seated position in a fixed chair. During the protocol, participants were
to avoid using their hands for manual tasks, leaving them relaxed on the armrest of the chair. Each
participant was included in one of two groups: real stimulation group (tSMS group), or the sham
stimulation group (sham group). In both groups, the real magnet or the sham magnet were placed
over the M1 of the dominant cerebral hemisphere.
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tSMS group: The material used in the stimulation was a MAGxx1.1 helmet (Neurek Spain,
Toledo), with a neodymium (NdFeB) magnet (60 mm diameter and 30 mm height) with a nickel (Ni-
Cu-Ni) coating (MAG60r+; Neurek Spain, Toledo) (Figure 1).

Figure 1. MAGxx1.1 helmet, with Neodymium magnet.

Sham group: The material used was a sham stimulation helmet with the same characteristics as
the real stimulation helmet, with a metal without electromagnetic properties. The weight, shape and
colour made it indistinguishable from the real helmet.

2.4. Outcome Measures

Outcome measures were assessed before stimulation (T0), at the end of stimulation (T1), 15
minutes after stimulation (T2), and 40 minutes after intervention (T3) by an investigator blinded to
the treatment received. The investigator who assessed the outcomes was blinded to the participant
assignment. The Finger Tapping Test (FIT) was performed for assessment of manual motor skills.
This test has been used for many years in the neuropsychological assessment of brain damage, being
an indicator of cortical activity [13], as well as being used in NIBS studies as a measure of manual
dexterity [14]. The Tapping Pro version 1.0.8.1 mobile application was used to perform this test, as it
provided, in addition to the number of taps per unit of time, graphs that allowed obtaining the
explosive velocity (number of taps in the first 5 seconds). Regarding the FTT, the following
parameters were analyzed: 10-second test, as the standardized FTT test, and the 5-second test,
following the protocol of Gorin et al. [15], to assess if the time of motor response to a stimulus, in this
case auditory ("start") is modified by the stimulation, according to the study of Pineda Pardo et al.

The nine-hole peg (9HPT) test was used to assess finger dexterity; this tool has been used in the
assessment of motor activity in a multitude of pathologies, with adequate to excellent inter-rater
reliability (r = 0.68 to 0.99) and excellent inter-rater reliability (r = 0.75 to 0.99) in healthy adults [16].
Grip strength was evaluated with a hand-held dynamometer (Jamar Plus+; Sammons Preston,
Rolyon, Bolingbrook, IL). Greater hand grip strength corresponds with greater activation in M1,
premotor area (PMA), and supplementary motor area (SMA) in the dominant hemisphere, and of the
SMA in the nondominant hemisphere, and may provide information about the functionality of the
human brain [17].

Specific clinical testing procedures were applied to reduce procedural and interviewer test bias
(Table 1).
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Table 1. Clinical procedures for motor skills assessments.

1- All tests were conducted in a quiet, enclosed room to reduce the effects of visual and auditory
interference.

2- The subjects were tested in the same room, with the same conditions, the same chair, and the
same table.

3- The subjects were instructed to perform the test in the same specific posture for each test.

4 - The tests were performed in the same order and with the same time interval.

5 - Subjects were not allowed to wear jewelry, watches, or other accessories on the upper
extremities.

6 - All subjects were assigned and evaluated by the same investigator.

7 - All subjects were instructed by the same evaluator. The evaluator provided the same verbal
instructions in the same tone of voice during each test to reduce training effects.

8 - All subjects were allowed to perform a pretest, except for the finger tapping test.

9 - Subjects were required to complete each individual test without rest.

2.5. Sample Size

The sample size was estimated with G-Power 3.1 software using the following parameters: mean
effect size of 0.25, alpha error of 0.05, statistical power of 0.95, 2 groups and 4 measures. Based on
these data and expecting a loss rate of 10%, a sample size of 40 participants was estimated for the
study. We did not find previous studies with similar characteristics that calculated the sample size or
indicated the effect size for the variables chosen, so a small effect size (0.25) was chosen [18].

2.6. Randomization and Blinding

A randomization sequence was entered blindly into sequentially numbered opaque envelopes,
which were subsequently sealed and kept in a locked drawer. After enrolment of a patient, an
envelope was opened according to the numbered sequence by an investigator not involved in the
treatment, which prepared the devices to maintain the blinding of the therapist. All participants
underwent one tSMS sessions (real or sham). Neither the investigator performing the intervention,
nor the participant knew which intervention corresponded to each group. The data were analyzed
by another researcher who was not involved in the assignment and intervention.

We assessed for eligibility 44 healthy subjects, finally, 40 healthy subjects were enrolled; 20 were
allocated to real tSMS group (6 males, 14 females; 19 right-hand dominant, 1 left-hand dominant) and
20 to sham-tSMS group (10 males, 10 females; 20 right-hand dominant). The flow diagram of the
study according to the CONSORT2010 guidelines is reported in Figure 2.


https://doi.org/10.20944/preprints202406.0123.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 June 2024 d0i:10.20944/preprints202406.0123.v1

Assessed for eligibility (n= 44)

Excluded (n=4)
+ Not meeting inclusion criteria (n= 4)
+ Diagnosis of fibromyalgia (n= 1)
»| + Diagnosis of rheumatoid arthritis (n= 1)
+ Musculoskeletal hand injuries in the last
6 months (n=2)

Randomized (n= 40)

]
y {___ Allocation | 2
Allocated to intervention (n= 20) Allocated to intervention (n= 20)
+ Received allocated intervention (n= 20) + Received allocated intervention (n= 20)
+ Did not receive allocated intervention (n= 0) + Did not receive allocated intervention (n= 0)

v Follow-Up v

L 4

Lost to follow-up (n= 0) Lost to follow-up (n= 0)

Discontinued intervention (n= 0) Discontinued intervention (n= 0)

v Analysis v

Analysed (n= 20) Analysed (n= 20)
+ Excluded from analysis (n= 0) + Excluded from analysis (give reasons) (n= 0)

Figure 2. Flow diagram of the study according to the CONSORT2010 guidelines.

2.7. Statistical Analysis

The statistical analysis was performed using the SPSS statistical software system (SPSS Inc.,
Chicago, IL; version 25.0). The Shapiro-Wilk test was used to screen all data for normality of
distribution. The demographic and baseline clinical data were compared between the two groups to
identify any possible difference. Unpaired t-test for parametric data were used, and a p value < .05
was considered statistically significant. A repeated-measures analysis of variance (ANOVA) analysis
(within-group factor: TIME (T0, T1, T2, and T3); between-group factor: TREATMENT (real or sham))
was conducted to detect main effects for treatment and time. The effect size was calculated using the
Cohen's d. An effect size of d =.2 was considered small, .5 medium, and .8 large (Cohen, 2013).

3. Results
3.1. Baseline Characteristics

The main demographic and clinical characteristics of the real and sham groups at baseline are
reported in Table 2. Both groups were comparable (Table 2). The Shapiro-Wilk test showed
homogeneity of the analyzed data.

Table 2. Baseline characteristics.

Variable tSMS (n = 20) Sham tSMS (n = p-value
20)

Age (years), mean (SD) 27,1+7,85 25,05+8,18 424
Gender, n male (%) 6 (30%) 10 (50%) 206
Height (cm), mean (SD) 167,65 + 7,55 168,9 + 10,25 .663
Weight (kg), mean (SD) 64,82 +7,15 65,76 + 12,98 776
Hand of dominance, n right (%) 19 (95%) 20 (100%) .33

10s FTT dominant hand (taps in 10 seconds), mean 60,25 + 5,54 57,85+ 4,27 133

(SD)
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10s FTT non dominant hand (taps in 10 seconds), 53,15 + 4,45 52.40 +5,34 .632
mean (SD)

5s FIT dominant hand (taps in first 5 seconds), 31,25+ 3,08 29,6 +2,21 .059
mean (SD)

5s FTT non dominant hand (taps in first 5 seconds), 28,05 +2,76 27,35 +2,91 44
mean (SD)

Nine Hole Peg Test dominant hand 17,51 +£1,85 17,74 £ 1,74 .691
Nine Hole Peg Test non dominant hand 18,84 2,12 19,6 2,11 .26
Hand Grip Strength dominant hand 33,93 + 8,67 32,73 +11,04 .706
Hand Grip Strength non dominant hand 29,8 + 8,27 29,57 + 11,31 941

Mean + standard deviation of demographic characteristics and clinical features are reported. Differences
assessed by independent student t-test. Cm: centimeters; KG: Kilograms; FTT: Finger Tapping Test; tSMS:
transcranial static magnetic stimulation. *Significant at p<0.05.

3.2. Exploratory Efficacy

The intragroup results for the dominant side are shown in Table 3 and for the non-dominant side
in Table 4. The intergroup results for the dominant side are shown in Table 5 and for the non-
dominant side in Table 6.

Table 3. Intragroup dependent variables (means + SD) of the 2 groups (tSMS, Sham tSMS) over time for the
dominant side.

Outco Mean (SD) TO vs. T1 TO vs. T2 TO vs. T3
me TO T1 T2 T3 D 9% d P D 9% d p D 9% d p
variabl M CI M C M CI
e
Finger Tapping Test

10s tSM 602 580 604 598 22 -63 2 21 -2 -339 0 1 4 -311, 0 1

S 5+ 5+ 5+ 5+ + 5.03 9 9 + 2.99 2 + 391 5
554 524 59 658 1.0 1.1 1.2
1 5 5

Sha 578 545 562 567 33 A7; 4 01 16 -159 2 1 1.1 241, 1 1

m 5+ 5+ 5+ 5+ + 6.13 2 5* + 4,79 + 4.61 5
427 664 65 587 1.0 1.1 12
1 5 6

5s tSM 312 30+ 318 308 1.2 -2; 2 13 -1 -163; 1 1 45 -117; .0 1

S 5+ 283 +

I+

5% 2.7 6 1 +- 143 2 2.07 8

I+

3.8 315 359 .52 55 .58
Sha 296 283 291 290 12 -2; 2 13 45 -1.08 1 1 55 -1.07;, .1 1

m + 5+ 5+ 5+ 5% 2.7 7 1 + 1.98 2 + 217 3
221 402 317 35 .52 5 .58
Nine Hole Peg Test

9HPT tSM 175 173 165 165 .16 -1.04; .0 1 99  -08 3 .08 .93 -5 2 46

S 1+ 5% 2+ 7+ 2+ 136 6 2.06 6 5 3+ 237 9 6

I+

1.85 223 199 267 43 .38 .52
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Sha 177 175 171 173 .19 -1; .0 1 54 -53 2 99 35 -108 .1 1

m 4+ 4=z 9+ 9% 1.39 9 1.61 3 4 1.78 2

+
+
I+

1.74 148 1.68 225 43 .39 .52

Hand Grip Strength

HGS tSM 339 326 333 325 13 -69, 1 46 63 -149;, 0 1 13 -109;, 0 .76

S 3+ 3+ + 3+ + 3.28 1 6 + 274 5 9+ 3.87 1
867 787 848 72 71 .76 .89
Sha 327 320 327 328 .67 -132;, .0 1 .00 -212; 0 1 - -261, 0 1
m 3+ 7+ 3+ 7+ + 2.66 4 1+ 212 13 235
11.0 115 109 105 .71 .76 +
5 8 2 1 .89

Statistical test used: repeated-measures ANOVA. Significance: *p<0.05. d: Cohen's d; DM:
difference of means; HGS: Hand Grip Strength; S: seconds; SD: Standard deviation;
tSMS: transcranial static magnetic stimulation; TO: basal; T1: immediately after
stimulation; T2: 15 minutes after stimulation; T3: 40 minutes after stimulation; vs: versus;

9HPT: Nine Hole Peg Test.

Table 4. Intragroup dependent variables (means + SD) of the 2 groups (tSMS, Sham tSMS) over time for the non-
dominant side.

Outco Mean (SD) TOvs. T1 TO vs. T2 TO vs. T3
me T0 T1 T2 T3 D 9% d p D 9%%I d p D 9% d p
variabl M CI M C M CI
e
Finger Tapping Test
10s tSM 53.1 532 543 549 - -2.3; 0 1 - 397, 2 1 - -433, 2 .32
S 5+ + 5+ 5% .05 22 1.2 1,57 1.8 .73 8 9
445 518 396 448 + + +
81 99 9

Sha 524 509 523 534 14 -8 1l 48 1 267, 0 1 -1. -353 1 1

m + 5% + + 5+ 3.7 9 4 + 2.87 1 + 1.53 3
534 549 525 527 81 1 91
5s tSM 280 27.6 285 288 4 -1.1; 1 1 - 222, 1 1 - -2.29;, 2 1
S 5+ 5+ + + + 1.89 1 45 1.32 3 .75 .79
276 243 233 242 53 + +
.64 .55

Sha 273 264 269 276 95 -54; 2 50 45 -132;, 1 1 -3 -184; 0 1

m 5+ + +3 5+ + 244 1 4 2.22 1

I+

=
N
Ny
N

I+

291 349 278 .53 .64 .55

Nine Hole Peg Test
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9HPT tSM 188 193 187 179 - -lex 11 06 -105 .0 1 87 -16 2 .14
S 4+ 5% 7 7+ 51 .58 7 + 118 2 * 1.9 5 4
212 223 #26 274 * 4 37
4 .39
Sha 19.6 201 197 187 - -le2;, 11 - 126, 0 1 81 -22; 2 20
m 1+ 4+ 5=z 9+ .53 .55 6 15 97 4 * 184 8 4
211 26 257 208 * + 37
.39 4
Hand Grip Strength
HGS tSM 298 297 299 295 .03 -192; O 1 - 22, 0 1 32 24 0 1
S + 7+ 7% 7+ 2+ 198 17192 2 * 287 2
827 727 683 604 7 + .95
.75
Sha 295 295 297 302 .00 -195 0 1 -2 225 o0 1 - 327, 0 1
m 7+ 7+ 7+ #£10. 2+ 195 * 189 1 .63 2 4
11.3 103 102 68 7 .75 *
6 .95

Statistical test used: repeated-measures ANOVA. Significance: *p<0.05. d: Cohen's d; DM: difference of means; HGS:
Hand Grip Strength; S: seconds; SD: Standard deviation; tSMS: transcranial static magnetic stimulation; TO: basal; T1:
immediately after stimulation; T2: 15 minutes after stimulation; T3: 40 minutes after stimulation; vs: versus; 9HPT: Nine

Hole Peg Test.

Table 5. Intergroup dependent variables (means + SD) of the 2 groups (tSMS, Sham tSMS) over time for the
dominant side.

Outcome variable tSMS Sham tSMS DM 95%ClI d p

Finger Tapping Test

TO - 10 seconds, mean 60.25 +5.54 57.85+4.27 24+157 -.767; 49 133

(SD) 5.57

Tl - 10 seconds, mean 58.05+5.24 54.55 + 6.64 3.5+1.89 -.327; .58 .072

(SD) 7.33

T2 - 10 seconds, mean 60.45+5.9 56.25 + 6.5 4.2 +1.98 .199; .68 .04*

(SD) 8.2

T3 — 10 seconds, mean  59.85+6.58 56.75+5.87 3.1+1.97 -.89; 5 124

(SD) 7.09

T0 - 5 seconds, mean (SD) 31.25+3.8 29.6+2.21 1.65 + .85 -.064; .53 .59
3.36

T1 - 5 seconds, mean (SD) 30+2.83 28.35+4.02 1.65+1.1 -.57; 47 141
3.87

T2 - 5 seconds, mean (SD) 31.8+3.15 29.15+3.17 22+0.99 18; .84 .034*
422

T3 - 5 seconds, mean (SD) 30.8 +3.59 29.05+3.5 1.75+1.12 -.52; 48 127

4.02
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Nine Hole Peg Test

T0 — 9HPT, mean (SD) 17.51+1.85 17.74+1.74 -23+.57 -1.38; 13 .691
.92

T1 - 9HPT, mean (SD) 17.35+2.23 17.54 +1.48 -19+.6 -1.41; 1 744
1.02

T2 — 9HPT, mean (SD) 16.52 +1.99 17.19 £ 1.68 -.67 + .58 -1.85; .36 .256
51

T3 — 9HPT, mean (SD) 16.57 £ 2.67 17.39£2.25 -81+.78 -2.39; .33 .306
77

Hand Grip Strength

T0 — HGS, mean (SD) 33.93 £ 8.67 32.73 £11.05 1.19+3.14 -5.16; 12 .706
7.55

T1 - HGS, mean (SD) 32.63+7.87 3207+11.58 056+3.13  -5.78; .06 .858
6.9

T2 — HGS, mean (SD) 33.3+£848 3273+1092  057+3.09  -5.69; .06 .856
6.83

T3 — HGS, mean (SD) 3253+7.2 32.87+10.51 -033+285  -6.1; .04 .908
5.44

Statistical test used: repeated-measures ANOVA. Significance: *p<0.05. d: Cohen's d; DM: difference of means;
HGS: Hand Grip Strength; SD: Standard deviation; tSMS: transcranial static magnetic stimulation; TO: basal;
T1: immediately after stimulation; T2: 15 minutes after stimulation; T3: 40 minutes after stimulation; 9HPT:

Nine Hole Peg Test.

Table 6. Intergroup dependent variables (means + SD) of the 2 groups (tSMS, Sham tSMS) over time for the non-
dominant side.

Outcome variable tSMS Sham tSMS DM 95%CI d P
Finger Tapping Test

T0-10 seconds, mean (SD) 53.15 +4.45 52.4+5.34 75+1.55 -2.35; 3.85 .15 .632
T1-10 seconds, mean (SD) 532 +5.18 50.95 +5.49 225+1.69  -1.17;5.67 42 19
T2 -10 seconds, mean (SD) 54.35+3.96 52.3+£5.25 2.05+1.47 .93; 5.03 44 172
T3 -10 seconds, mean (SD) 54.95 +4.48 534 +£5.27 1.55+1.55 -1.58; 4.68 32 322
T0 - 5 seconds, mean (SD) 28.05+2.76 27.35+291 7+9 -1.11; 2.52 .25 44
T1 - 5 seconds, mean (SD) 27.65 +2.43 264 +3.49 1.25+.95 -.67;3.17 42 196
T2 - 5 seconds, mean (SD) 28.5+2.33 269+3 1.6+ .85 -122;3.32 6 .068
T3 - 5 seconds, mean (SD) 28.8+2.42 27.65+2.78 1.15+.82 -.52;2.82 44 171
Nine Hole Peg Test

T0 — 9HPT, mean (SD) 18.84 +2.12 19.61+2.11 -76 .67 -2.12; .59 .36 .260
T1 - 9HPT, mean (SD) 19.35+2.23 20.14+£2.6 -79+.77 2.34; .76 .33 310
T2 — 9HPT, mean (SD) 18.77 + 2.64 19.75+2.57 -97 + .82 -2.64; .69 .38 .245
T3 - 9HPT, mean (SD) 1797 +2.74 18.79 +2.08 -82+.77 -2.38;.735 34 292

Hand Grip Strength

T0 - HGS, mean (SD) 29.8 £8.27 29.57+11.3 23+3.13 -6.11; 6.57 .02 941
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T1 - HGS, mean (SD) 29.77 +7.27 29.57 £10.36 2+283 -5.53; 5.93 .02 944
T2 - HGS, mean (SD) 29.97 +6.83 29.77 +10.21 2+275 -5.36; 5.76 .02 942
T3 - HGS, mean (SD) 29.57 +6.04 30.2+10.68 -.63+2.74 -6.19; 4.92 .07 .819

Statistical test used: repeated-measures ANOVA. Significance: *p<0.05. d: Cohen's d; DM: difference of means;
HGS: Hand Grip Strength; SD: Standard deviation; tSMS: transcranial static magnetic stimulation; TO: basal;
T1: immediately after stimulation; T2: 15 minutes after stimulation; T3: 40 minutes after stimulation; 9HPT:

Nine Hole Peg Test.

3.2.1. Finger Tapping Test

When comparing the number of taps in 10 seconds, on the dominant side no significant
intragroup differences were found with respect to time x stimulation except at TO vs T1 in the sham
group, in which a significant reduction in the number of taps was observed (3.3 + 1.01; CI= .47-6.13;
d=.42; p=.015. When comparing between groups, significant differences were found in favor of the
experimental group at T2 (4.2 + 1.98; CI=.199-8.2, d= .68; p=.04) (Figure 3a). No significant differences
were found on the non-dominant side either intra- or inter-group (Figure 3b).

a b

10 seconds FTT dominant 10 seconds FTT non-dominant

T T 2 ) i 0 Tl kv] 3

e (SMS e Sham (SMS e 1SMS e Sham 1SMS

5 seconds FTT dominant 5 seconds FTT dominant

30
H 1 | 4
’

10 T 12 13 T0 1 12 3

e (SMS st Sham tSMS e (SMS  wmm Sham tSMS

Figure 3. Finger Tapping Test scores. Scores for the Finger Tapping Test (FTT) in both groups. Data are shown
in mean and standard deviation, the error bars are the standard error of the mean. y-axis= number of strokes in
the FTT. X-axis= assessment time. TO= baseline assessment T1= immediately after stimulation; T2= 15 minutes
after stimulation; T3= 40 minutes after stimulation. a) 10 seconds FTT, dominant hand; b) 10 seconds FT'T, non-
dominant hand; ¢) 5 seconds FTT, dominant hand; d) 5 seconds FTT, non-dominant hand.

When comparing the number of taps in 5 seconds, on the dominant side, no significant intra-
group differences were found with respect to time x stimulation. When comparing between groups,
significant differences were found in favor of the experimental group at T1 (2.2 + 0.99; CI= .18-4.22;
d= .84p=.034) (Figure 3c). No significant differences were found on the non-dominant side either
intra- or inter-group (Figure 3d).

3.2.2. Nine Hole Peg Test
When execution speed was compared in the 9HPT, no significant differences were found in
either hemibody, either intra- or inter-group.
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3.2.3. Hand Grip Strength

When the hand grip strength was compared, no significant differences were found in either
hemibody, either intra- or inter-group.

4. Discussion

The results of the present study showed that, immediately after unilateral application of tSMS
on the dominant M1 of healthy subjects, manual dexterity is reduced in several of the outcome
measures assessed, with no differences between groups. However, 15 minutes after stimulation, the
real stimulation group had higher tapping values compared to the sham group. Therefore, the results
of the study do not conform to the hypothesis of the study.

The study design was produced according to the hypothesis that the unilateral application of
tSMS on the M1 of the dominant hemisphere of healthy people would momentarily decrease the
manual dexterity of the dominant hemisphere and could increase the manual dexterity of the non-
dominant hemisphere. This fact corresponds to the neurophysiological findings of the studies by
Shibata et al. [9] and Takamatsu et al., [10] changes in MEP amplitude can assess changes in the state
of excitability in the cortico-spinal system [19]. In both studies, tSMS produced a decrease in MEP
amplitude of the dominant motor cortex over which the magnet was placed, and a increase in MEP
amplitude of the non-dominant motor cortex over which the magnet was not placed. In 2023,
Shimomura et al. [9] cross-applied 10 sessions of 20 minutes of tSMS over the contralateral M1
combined with rehabilitation in 20 stroke patients, compared to the application of sham tSMS plus
rehabilitation. These authors observed that tSMS applied on the contralesional M1 combined with
rehabilitation significantly improved manual dexterity. These authors did observe interhemispheric
inhibition theory, in line with the hypothesis of the present study.

The results of this study show that despite the proven reduction in MEP amplitude, motor
function following unilateral dominant M1 stimulation does not reduce hand function to a greater
extent than sham stimulation. The cortical inhibition observed as a decrease in MEP may not be
related to a decrease in motor function for several reasons: MEPs assessed by transcranial magnetic
stimulation assess presynaptic and postsynaptic inputs from corticospinal neurons, which may not
be the same as those activated by voluntary motor commands, making it difficult to establish a direct
relationship between both [20]; changes in MEP amplitude may be caused by physiological processes
external to M1, but which produce a change in its activity, such as decision making and other
cognitive processes transmitted to M1, so that MEP not only reflect the excitability of the control
elements of the motor pathway, but also relate to upstream processes that are not necessarily related
to movement production [21]; MEP may be quantitative physiological markers of change but may
have no causal relevance to actual motor behavior [20].

The significant improvement observed in the results 15 minutes after stimulation could be
related to the fact that the changes produced by tSMS are not only at the MEP level, but that tSMS
produces an increase in alpha power [1,2,21], and could decrease glutamatergic excitatory processes
(driving the decrease in MEP amplitude), as well as decrease phasic GABAergic inhibitory processes
(driving the decrease in short intracortical inhibition intervals (SICI) and increase in short
intracortical facilitation intervals (SICF). The tSMS is the only NIBS that produces these effects, which
could be related to the possibility that, despite its inhibitory character, it does not produce alterations
in motor learning [2]. In fact, there is evidence that the synaptic plasticity produced in motor learning
depends on long-term potentiation and/or long-term depression changes, processes mediated by
glutamatergic synapses (Nojima et al., 2015). In this sense, NIBS have been used to try to recreate
these phenomena, and tSMS can interfere in these processes by inhibitory modulation of
glutamatergic and GABAergic synapses [2]. Learning processes require a bidirectional modification
of synaptic weights, in which both synaptic potentiation and synaptic input depression processes are
necessary [23,24], so that the inhibitory character of tSMS could increase LTP and thus consolidate
further learning, which could be in line with the results of the present study.

The significant difference observed between groups at T2 (significant increase in FTT 15 minutes
after stimulation in favor of the tSMS group compared to the sham group) should be taken with
caution, since both groups tended to increase the number of taps at T2 (Figure 3), and no significant
differences were observed between groups in the rest of the tests. A possible explanation for the
improvement in tapping performance could be shown in the studies of Lacroix et al. [25] and Nojima
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et al. [26]. Lacroix et al. [25] found that tSMS appears to worsen online learning, when tSMS is applied
to the contralateral hemisphere to the test execution hand, and Nojima et al. [26] found that tSMS
over M1 but not over the dorsolateral prefrontal cortex, enhanced offline learning, suggesting that
the modulation of the M1 using tSMS can enhance offline motor learning in an implicit task. These
findings are in line with our work, as the decrease in baseline hand function assessed immediately
post-stimulation could be related to the decrease in online motor learning found by Lacroix et al., [25]
and the significant gains in hand function over sham stimulation would be related to the
improvement in motor learning found by Nojima et al. [26] at 40 min post-stimulation, no significant
differences were observed between groups, which coincides with the duration of post-stimulation
tSMS effects after 30 min stimulations, which can last 30 min, diluting after this time [2]. The increase
in motor response after unilateral application of tSMS on M1 for 30 minutes may be due to two
factors: 1) increased cortical inhibition of M1 as part of the physiological learning process could be
facilitated by tSMS due to enhancement of GABAergic inhibitory action due to somatic inhibitory
synapses on M1 pyramidal neurons, formed by parvalbumin inhibitory neurons, which rise during
motor learning, and determine whether or not a dendritic spine is generated; 2) paradoxical effect of
the homeostatic plasticity: the inhibition of M1 during the online application of tSMS could worsen
online motor learning according to the results of the immediate-post measurement of this study and
to the study by Lacroix et al., [25] which would lead to a homeostatic enhancement of M1 induced
during the following offline learning process, which is consistent with the study by Nojima et al. [26]
and with the significant improvement in function at 15 minutes post-stimulation found in this study.

The findings different from those found by Shimomura et al. [27] may be due to the fact that in
the present study a single session was applied, it was performed in healthy subjects, and it was
applied without combining it with other types of therapy. The differences shown justify the need for
a greater number of studies to evaluate the clinical applicability of tSMS in patients with stroke.
Future studies analyzing the clinical applicability of tSMS in this regard are recommended.

Limitations

The present study had several limitations: 1) no exercise, sleep, fatigue, or caffeine consumption
scales were considered for the baseline comparison of the groups; 2) the size of the mobile used to
perform the FTT was standard and could be echo or narrow depending on the subject’s hand; 3) no
test trial was allowed for the FTT; 4) the recruitment was performed by non-probabilistic sampling of
consecutive cases; 5) age was not considered as a factor that could affect the results because the
distribution between groups did not show significant differences, even so, the wide age range could
affect the results, since young people could present greater skill in the use of smartphone apps.

5. Conclusions

Unilateral application of tSMS over M1 of the dominant hemisphere in a single session does not
reduce manual dexterity or grip strength in healthy subjects. This application could have benefits in
the motor performance of the contralateral hemibody to the stimulated motor cortex.
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