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ABSTRACT

Aim: Transcranial direct current stimulation (tDCS) is one of the newest
methods in order to improve the athletic performance and mental
preparation of professional athletes. In this study, we investigated the
effects of 10-session unihemispheric concurrent dual-site anodal-tDCS
(a-tDCS) of the primary motor cortex (M1) and dorsolateral prefrontal
cortex (DLPFC), on swimming performance, mental toughness (MT) and
perceived exertion.

Methods: 20 male professional swimmers (Age: 19.00+2.86 yrs) were
randomly divided into tDCS (n=10) and sham (n=10) groups. On the first
day, the Mental Toughness Questionnaire (SMTQ), next day, the 100-
meter freestyle swimming performance test, and the rate of perceived
exertion scale (RPE) were evaluated as pre-tests. From the third day, 10
sessions of tDCS were applied, each session a current of 2mA for 20
min, half an hour after the usual swimming exercise, three days a week.
48 hrs following 10" session of tDCS, evaluations were repeated.
ANCOVA was used for statistical analysis.

Result: After 10 sessions of tDCS, swimming performance improved
significantly; The total MT score increased significantly and no significant
change was observed in RPE.

Conclusion: Based on this, multi-session tDCS combined with regular
training is recommended to improve swimmers performance and
psychological aspects that could be considered as a brain conditioning
method to increase mental toughness and sports performance.
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Extended Abstract

Background and purpose

Transcranial direct current stimulation (tDCS) is one of the newest methods in order to
improve the athletic performance and mental preparation of professional athletes. This
method is a non-invasive brain-modulating technique that applies a weak electrical
current to the scalp. Some studies have confirmed the positive effects of this technique
on athletes’ performance. Different areas of the brain can be stimulated, the primary
motor cortex (M1) is more related region to exercise performance and the dorsolateral
prefrontal cortex (DLPFC) is more related to executive function and control of cognitive
processes. Studies reported different effects of M1 stimulation on performance such as
reaction time, endurance performance and isometric contractions. Also DLPFC
stimulation showed effects on time to exhaustion, rate of perceived exertion and mental
fatigue. Some studies stimulated two regions of brain, simultaneously. They reported
that concurrent dual-site a-tDCS has long lasting and more corticospinal excitability
compared to each region stimulation alone. M1 and DLPFC simultaneous stimulation in
the left hemisphere showed better cognitive performance and endurance performance.
In addition, numbers of tDCS sessions could be an important factor. Therapeutic studies
showed more positive effects after multi sessions of stimulation. While most of the
studies investigated one session stimulation’s effects. In swimming, single session of
M1 tDCS showed no effects on athletes’ performance and rate of perceived exertion.
Also, one session of DLPFC tDCS following mental fatigue, caused no change in
swimming performance. Moreover, psychological preparation has an important role in
athletes’ success. Higher scores of athletes’ mental toughness, leads to more
achievements in competitions. Swimmers with higher mental toughness level showed
better performance. Therefore, in this study, we investigated the effects of 10-session
unihemispheric concurrent dual-site anodal-tDCS (a-tDCS) of the primary motor cortex
(M1) and dorsolateral prefrontal cortex (DLPFC), on swimming performance, mental

toughness (MT) and perceived exertion.
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Methods

Participants were the Iran national level elite swimmers in all sprints events, and they
were engaged in regular training more than 8 sessions a week. They participated in
most of the competitions at regional and national levels for more than 11 years. The
number of participants required for this study was estimated with a sample size
calculation, using G*Power Software version 3.1.9.2. Results of mixed ANOVA, with an
alpha error probability of 0.05 and effect size (f = 0.7) and also, 0.95 (1-B) power,
showed at least 20 participants were required to achieve this effect. According to the
Edinburgh Handedness Inventory all participants were right-handed. Participants self-
reports showed no psychiatric or neurological disease, seizures, metallic head implants.
They reported no use of medications in the relevant questionnaire. Athletes or their
parents (in cases under 18 years old) signed the written consent to the study. Current
study was approved by the Ethics Committee of Shahid Beheshti University (Code:
IR.SBU.REC.1402.177), Tehran, Iran and conducted in accordance with the declaration
of Helsinki.

After participants were familiarized with the experimental procedure, in the first day,
they filled out the 14-item of the sport mental toughness questionnaire (SMTQ) as
pretest. This questionnaire provides a total score of sports mental toughness and three
subscales; Confidence, Constancy, and Control. SMTQ is a valid brief questionnaire. In
the second day, swimming performance were measured as pretest. Following the
swimming test, rate of perceived exertion (RPE) was measured. The study is a
randomized, sham-controlled trial. Participants were divided in to tDCS (n=10) and
sham (n=10) groups, according to their last 100-meters records and they were blinded
to their group. First they warmed-up as their coach designed, then according to their last
100-meters records, they were divided into couples with the most nearest records to
perform competitively with their fastest possible pace throughout the swimming tests.
Two experienced coaches recorded participants swimming time, using digital
stopwatches (Casio HS-80, Hubei, China). All the Participants performed 100-meter
swimming (freestyle) tests in Azadi Sports Complex indoor swimming pool (50 m) the air
temperature was 29 C and the water temperature was 26.5 C at 8.00 am. Rate of
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perceived exertion (RPE) was measured using Borg 0—10 scale. Participants were first
introduced to how to report RPE on a printed sheet; On the sheet, colored bands were
drawn from 0 to 10, with 10 different colors, " no exertion at all " to " no exertion at all "
written against each number. Immediately after the 100 meters swimming performance
test, participants chose one of the scale numbers on the corresponding sheet by
pointing their finger. In the following 10 sessions, tDCS or sham group were applied
three days a week (once a day) in a random order. Two days after the last tDCS
session, swimming performance and RPE was measured again as post-test. The day
after swimming post-test, they filled SMTQ again as post-test.

To apply Transcranial direct current stimulation (tDCS), two-channel brain stimulator
(NeuroStim 2, Medina Tebgostar, Tehran, Iran) was used. To stimulate M1 and DLPFC
regions simultaneously, the left hemispheric concurrent dual-site anodal tDCS montage
was used. According to the 10-20 international electroencephalographic electrode
systems, anode electrodes were located over left M1 (C3) and DLPFC (F3). Cathode
electrodes were placed vertically over the contralateral supraorbital (F4 and Fp2)
region. Anode electrodes were 5x4 cm? and cathode electrodes were 9 x 4 cm? and all
electrodes covered by saline-soaked surface sponge (NaCl 140 mmol dissolved in Milli-
Q water). In tDCS group, the stimulation current intensity of 2 mA was for 20 minutes
with 30 s ramping up at the start and 30 s falling at the end of the stimulation. In sham
group or not real tDCS condition, the current ramped up 30 s at the start and then no
current was applied till the end of 20 minutes, this protocol have been used to make the
stimulation blind [22]. The day after swimming pre-test, participant received 10 sessions
of tDCS, one time a day, and three days a week randomly. Each tDCS session was at
half an hour after the usual swimming exercise,

Results

Performance: ANCOVA was used for statistical analysis. After 10 sessions of tDCS,
swimming performance improved significantly (F=1,16=4.59; P=0.048; ES=0.22;
OP=0.52) in tDCS group (am post: 57.93+1.74 sec; am pre: 58.8+1.75 sec) compared
to sham group (am post: 58.82+1.89 sec; am pre: 58.93+2.3 sec; Cl: 0.008-0.155).

https://jsmt.khu.ac.ir/
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SMTQ: Total mental toughness score of tDCS group (post: 43.415.46; pre: 39.3+6.70)
after 10 sessions of tDCS was significantly (F1,16=4.67, P=0.046, ES=0.226, OP=0.529)
higher than sham group (post: 42.66+5.54; pre: 42.66+5.91; Cl: 0.06: 6.30), and
constancy (P=0.078), confidence (P=0.320) and control (P=0.115) scores in tDCS group
increased insignificantly.

RPE: After 10 sessions of tDCS, the rate of perceived exertion exactly after 100 meters
swimming in tDCS group compared to sham group, did not changed significantly
(P>0/05).

Discussion

The results of the present study showed that 10 sessions of dual-site M1 and DLPFC
tDCS could significantly improve the performance of 100 meters freestyle swimming of
professional male swimmers. Researchers showed that 10 sessions of tDCS of M1
region improved rowing performance, which is in line with this study. In mentioned
research and some other studies used brain imaging to investigate the effect of tDCS
on the performance of professional athletes, they reported a morphological mechanism
of brain adaptations as well as brain neuroplasticity as the cause of performance
improvement. Also, in 800 meters swimming, applying one session of tDCS did not
show a significant change in swimming performance. However, single session of tDCS,
improved the performance of professional male in 200m swimming and in 50m
swimming it showed a reduction in the negative effects of mental fatigue on
performance. The use of several sessions of tDCS is due to the positive effects of tDCS
often appear after multi sessions. In addition, the simultaneous stimulation of M1 and
DLPFC regions in left hemisphere has shown long lasting effects on learning than
stimulation of each region alone.

Since, sports psychologists believe in importance of psychological factors in the athletes
success, and mental toughness is one of the most important mental skills that are
effective in the success of athletes; therefore, the increase in mental toughness in this
study, can be one of the reasons of improving swimmers' performance. There was no
significant change or difference in the rate of perceived exertion. According to previous
researches, which reported a decrease in RPE following tDCS, it seems that RPE
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changes are more decisive in endurance exercises. This could be a reason why RPE
did not change significantly as 100 meters swimming is considered as a speed
swimming. Studies showed one session of tDCS did not have significant effect on
swimmers RPE, which is in line with the results of the present study.

Conclusion

Based on our results, multi-session dual-site tDCS combined with regular training is
recommended to improve swimmers performance and psychological aspects that could
be considered as a brain conditioning method to improve the mental toughness and

sports performance.
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