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Abstract
Background: Studies examining the effects of transcranial direct current stimulation (tDCS) and reaction
time (RT) training on choice RT in the lower limb during a speci�c task linked to soccer practice, such as
kicking, are lacking. Accordingly, this proposal aimed to evaluate the e�cacy and safety of tDCS and RT
training in choice RT and cognitive function during recreational soccer.

Methods: In this single-center, randomized, placebo-controlled, double-blind, parallel-group study of 30
recreational soccer players, tDCS will be applied in the primary motor cortex (M1). Participants will be
divided into (1) anodal tDCS plus RT training and (2) sham tDCS plus RT training. The investigator will be
blinded to patient treatment before the �rst session, last session, and 1 day after the last tDCS session. In
total, 15 sessions will be performed using a schedule of three times a week for 5 weeks. The RT training
protocol will be delivered during tDCS and will comprise kicking a ball from a platform, placed on either
the right or the left side, depending on a light cue, during a 10-min interval (between minute 5 and minute
15 after 20-min stimulation). Changes in choice RT in the upper and lower limbs will be considered
primary outcome measures, and changes in Trail Making Test and Digit Span Test will be considered
secondary outcome measures. Any adverse effects during the study period will be reported. To detect
changes in continuous outcomes, a the anodal tDCS and the sham mode will be compared using a t-test
for normal distribution, or the nonparametric Mann-Whitney test for non-normal distribution; changes will
be considered signi�cant at p < 0.05.

Discussion: The FAST trial is a new proposal that uses a novel method of evaluation and training of
choice RT in soccer players through a functional task. The anodal tDCS along with choice RT training
with a functional task can be an e�cient tool for athletes to prevent injuries. Our �ndings may be useful
for soccer athletes to have enhanced responses during a game, and to improve performances in
championships.

Trial Registration: Registro Brasileiro de Ensaios Clínicos (Rebec) - RBR-9bjttc

Date of registration: 02/28/2020

Last Update: 04/20/2020

Introduction
Soccer athletes must utilize the cognitive ability to select and perform actions in response to different
stimuli during a soccer game [1]. Soccer environments are unique, dynamic, and often time-constrained,
where cognitive-perceptive skills used to enable the best action during the game can be assessed [2–4].

One important variable to assess cognitive function in soccer athletes is reaction time (RT) [5]. It has been
shown that the auditory RT is less important than the visual RT, whereas the choice RT is more important,
as soccer is very much a visual game due to the demands of constant visual tracking of the ball and
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players in motion [6]. Ando et al. (2001) [7] analyzed the difference between the RT of athletes and non-
athletes using a computer to control visual stimuli. In their �ndings, it was observed that athletes have
shorter RTs compared to non-athletes, showing the importance of sports practice on cognitive function.

There are several ways to decrease RTs, either through visual motor training [8] or through the use of
noninvasive brain stimulation, with transcranial direct current stimulation (tDCS) being the most common
[9]. tDCS is a noninvasive brain stimulation technique that can be safely and easily applied to healthy
individuals [10]. In addition, tDCS stimulation may increase cortical activation in humans and in�uence
motor function. Stimulation can be achieved by increasing cortical (anodic) activity or by decreasing
cortical (cathodic) activity [11]. Anodically in the primary motor cortex (M1) has the ability to improve
performance in simple tasks by lowering the RT [12–15].

Stimulation of the M1 area in healthy individuals, to lower limbs during simple motor tasks associated
with RT training, is limited to a single study. Tanaka et al. (2009) [16] conducted a survey of healthy
individuals who were instructed to press a pedal while observing a visual stimulus. The study results
showed no signi�cant decrease in lower limb single RT after anodic tDCS. Most RT studies in soccer
players are associated with upper limb triggering, but only one study evaluated the effect of the tDCS on
the RT of soccer players, but the speci�c reaction time of the kick was not analyzed [17].

According to published literature, there are no studies that have determined the effects of the tDCS and
RT training on choice RTs in the lower limb during a speci�c task linked to soccer practice, such as
kicking.

The principal aim of this study is to evaluate the e�cacy and safety of tDCS and RT training in choice
RTs and cognitive function during recreational soccer. We hypothesize that tDCS in conjunction with RT
training will reduce choice RT in the lower limbs and will improve cognitive function in the participants.

Methods
Design

This single-center, randomized, placebo-controlled double-blind, parallel-group study of 30 recreational
soccer players will be conducted in accordance with the Consolidated Standards of Reporting Trials
(CONSORT) 2010 �ow diagram [18] (Figure 1).

Sample size

We estimate a minimum sample size per group of 15, assuming the following parameters: simple
random sampling; type I and II error probabilities equal 0.05 and 0.20, respectively; the absence of
confounders; normal distribution of the outcome “percentage of deviation” with a mean baseline equal to
a 15% reduction in the outcome after tDCS; an estimated reduction of between 8% and 3% for the sham
group; and a variation coe�cient of 20%. The sample size calculation was performed using G∗Power
3.1.3 (Franz Faul, University of Kiel, Kiel, Germany).
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Location, setting and recruitment

All assessments will be conducted at the Federal University of Triangulo Mineiro within the biomechanics
and motor control laboratory in Uberaba, Brazil. Patients will be recruited by direct contact from the
researcher or invitation via social networks and selected according to the inclusion and exclusion criteria.
The included patients will be randomly divided into two groups in a 1:1 ratio with a list of random
numbers (that will be generated by the researcher).

Participants

Inclusion criteria

Neurologically healthy individuals with the following characteristics will be recruited from the community,
mainly through the use of social media: aged 18-30 years, male, right-handed or left-handed with no
associated comorbidities such as orthopedic, neurological, or visual problems. 

Exclusion criteria

 Individuals will be excluded if they present with any metal-in-cranium injuries near the electrode
placement area, a cardiac pacemaker in situ, intracerebral vascular clips, or any other electrically sensitive
support system, epilepsy, severe cognitive impairment, previous visual disturbances, or depression with
scores > 8 in the Hospital Anxiety and Depression Scale (HAD).

Procedures (template)

The participants, after being recruited from the community and social media, will sign a consent form. All
participants will be instructed to perform cognitive scales, such as the Trail Making Test and Digit Span
Test, and will be asked to answer the HAD to check for exclusion criteria for the tDCS application. After
screening, participants will be randomized into the following two groups: (1) anodal tDCS plus RT training
and (2) sham tDCS plus RT training. The investigator will be blinded to the treatment that the patient
receives before the �rst session, last session, and 1 day after the last tDCS session (Table 1). At the end
of all sessions, participants will be instructed to respond to a questionnaire evaluating any adverse
effects.

Randomization and blinding

The concealed randomization schedule will be established using a computer-generated random number
sequence, and maintained by an offsite investigator who will neither be involved with the enrollment nor
with the assessment of study participants. A second research assistant will sequentially open
consecutively numbered, randomly ordered, opaque envelopes containing the group allocation (in a 1:1
ratio) after the baseline assessment. All participants will receive RT training for 10 min, three times a
week, for 5 weeks during the 20 minutes of tDCS application. The tDCS will be applied three times a week
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for 5 weeks for a total of 15 sessions, wherein the patient will be evaluated before the beginning of the
�rst session, last session, and 1 day after the last session by a blinded investigator.

Intervention

The tDCS will be applied in accordance with the technique used by Seidel and Ragert (2019) [17]. The
participant will be placed in a room with minimal external in�uences (such as noise, lamps, or
electromagnetic waves), and positioned in a standing position at the front of the platform. For
stimulation of the primary motor cortex, after shaving and cleaning the skin with alcohol, the anodal
electrode will be placed in the M1 area (Cz), and the cathodal electrode (reference) will be positioned
between areas Fp1 and Fp2 of the 10/20 International System of Electroencephalography [19]. A direct
current of 2 mA intensity and good impedance, ramping up for 15 s, and subsequently ramping down for
15 s according to international safety guidelines will be applied [20]. The tDCS will be applied using an
electrical stimulator, namely the battery-powered MedSupply Neurostim®.

A total of 15 sessions will be performed using a schedule of three times a week for 5 weeks, wherein a
blinded examiner will evaluate the participant before the beginning of the �rst session and 1 day after the
last session. For the control group (sham mode), patients will be submitted to the same procedure, but
the current will be shut off after 15 s. The RT training protocol will be delivered during tDCS and will be
composed by kicking a ball from a platform, placed either on the right or on the left side, depending on
which light is turned on, for 10 min (between minute 5 until minute 15 from the 20 minutes of
stimulation) (Figure 2).

The protocol will include physiologic monitoring of blood pressure, heart rate, respiratory rate, and
peripheral oxygen saturation. The individual will also be instructed to stop the intervention if any
discomfort is felt or if major hemodynamic changes occurs. The individuals will be discontinued if they
present severe headache or epileptic seizure, and have no adaptation to the proposed protocol. No other
type of intervention will be allowed during the trial.

Primary outcome measures

Change in the choice RT will be measured as follows: (1) as the RT in the upper limbs, and (2) as the RT
in the lower limbs.

Secondary outcome measures

Changes in the scores of the scales will be measured as follows: (1) Trail Making Test and (2) Digit Span
Test.

Adverse effects

All adverse effects during the study period will be reported using the safety questionnaire proposed by
Brunoni et al. [21]. This process will be independent from investigators and the sponsor.
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Participant timeline

The enrollment, intervention, and assessment processes are displayed in Table 1.

Table 1. Enrollment, intervention, and assessment processes;

  STUDY PERIOD

  Enrollment Allocation Post-allocation Close-out

TIMEPOINT** -t1 0 t1 t15 T16

ENROLLMENT:          

Eligibility screen X        

Informed consent X        

Allocation X        

INTERVENTIONS:          

RTT     X X  

Anodal tDCS     X X  

Sham tDCS     X X  

ASSESSMENTS:          

DST   X   X X

TMT   X   X X

RT   X   X X

RT, reaction time; RTT, reaction time training; tDCS, transcranial direct current stimulation; DST, Digit Span
Test; TMT, Trail Making Test; T1 to T15 = period of intervention; T16 = next day (after 24 h)

Baseline assessments

Choice Reaction time evaluation

a) Upper limb: The participants will be seated in a chair with an adjustable height with their hips, knees,
and ankles at 90° of �exion, their shoulders between 10º and 15º of �exion, their elbows between 75º and
90° of �exion, and their forearms pronated. To avoid compensatory movements, the trunk will be
stabilized at the 7th thoracic vertebra. A monitor will be placed in front of the individual at a distance
dependent on the upper limb length. The seat height will be adjusted to 100% of the lower limb length,
which is measured from the lateral knee joint to the �oor in a straight line with the subject standing
barefoot. The center of the monitor height will be adjusted to 75% of the subject’s shoulder height, which
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is de�ned as the distance from the shoulder marker to the �oor with the subject sitting in the
standardized position. The subject will have to reach to the ipsilateral or contralateral spaces in response
to the visual stimulus, as quickly and accurately as possible, and return to the initial position at the end of
the stimulus. The visual stimulus, represented by a white circle, lasts 5 s and can appear at �ve, six,
seven, eight, or nine seconds in a randomized sequence (Figure 3).

b) Lower limb: the subjects will be positioned inside the platform and between two balls, located in front
of a monitor, at a distance dependent on the lower limb length (the short the length, closer to the balls)
(Figure 4). The individuals will have to kick the ball into the ipsilateral or contralateral spaces in response
to a visual stimulus, as quickly and accurately as possible, and return to the initial position at the end.
The visual stimulus, represented by a white circle, lasts 5 s and can appear at �ve, six, seven, eight, or
nine seconds in a randomized sequence. The reaction time of the lower limbs will be measured before the
upper limbs.

Both choice RTs will be evaluated by electromyographic signal according to the onset of the anterior
deltoid, brachial biceps, triceps for upper limbs and rectus femoris, vastus medialis, and biceps femoris
for the lower limbs. The EMG signals will be recorded using a Delsys Trigno TM® wireless telemetry
sensor at 2,000 Hz according to the SENIAM protocol (Surface Electromyography for Noninvasive
Assessment of Muscles) [22].

A photodiode will be used to synchronize the EMG signal with the visual stimulus. The RT in milliseconds
will be calculated using the difference between the photodiode signal and EMG activity in the upper limb
during reaching tasks and the kicking ball task.

Evaluation of cognitive function

Trail Making Test: This test consists of 25 circles distributed on a sheet of paper. In Part A, the circles are
numbered 1 - 25, and the patient must draw lines to connect the numbers in ascending order. In Part B,
the circles include two numbers (1 – 13) and letters (A – L); as in Part A, the patient draws lines to
connect the circles in an ascending pattern, but with the additional task of switching between numbers
and letters (i.e., 1-A-2-B-3-C and so on). The patient will be instructed to connect the circles as quickly as
possible without lifting the pen or pencil from the paper, marking the time with a chronometer that the
individual takes to connect the circles [23].

Digit Span Test: This test consists of eight series for the direct order and seven for the reverse order, with
a gradual increase in the number of digits in each series. The direct order is applied �rst, followed by the
inverse, which is administered independently if the examinee completely fails in the direct order. Each
item is made up of two sets of digits constituting two attempts, both of which are applied. The maximum
score on the test is 30 points. The data analysis procedures include: 1) the calculation of the medians
and the means of the raw scores to survey the performance standards of the normative samples as a
function of age; 2) in each order, the maximum number of digits memorized by each subject of both
samples will be identi�ed, according to the procedure cited by Kaplan, Fein, Morris and Delis (1991), and
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subsequently the respective percentages calculated; 3) the discrepancies between the performance in the
direct and reverse order will be calculated using the difference between the maximum number of digits
correctly repeated in each order; and 4) when analyzing the discrepancies, it is also important to observe
whether they are usual or unusual. For this reason, it becomes relevant to analyze how often the observed
difference occurs in the standardization sample [24].

Data analysis

For data management, double data entry to promote data quality. To detect changes in continuous
outcomes, a comparison between the anodal tDCS and the sham mode as well as between the tDCS and
sham stimulation, will be performed using a t-test if a normal distribution is observed or the
nonparametric Mann-Whitney test if no normal distribution is observed. The multiple imputation will be
used if missing data. Data will be analyzed using SPSS version 22 (SPSS Inc., Chicago, IL 60606, USA),
and will be considered statistically signi�cant at a p value < 0.05.

Discussion
The FAST trial is a proposal that uses a novel method for the evaluation and training of choice RTs. The
novelty is the combination of a speci�c functional activity of an athlete with a measurement of the
choice RT necessary during a soccer game. Tanaka (2009) is the only study that utilized tDCS and
reaction time training on the lower limbs, but their �ndings showed no signi�cant difference in the RT
after anodal tDCS and RT training [16]. Our study will use the online anodal tDCS in the same M1 area,
during RT training in a platform developed by the authors to simulate kicking, instead of using pedals
with seated patients. It is expected that RT training during the anodal tDCS stimulation will enhance the
decrease in choice RT in soccer athletes and improve cognition function.

The anodal tDCS in conjunction with choice RT training with a functional task can be an e�cient tool for
athletes to prevent injuries. Our �ndings may be useful for soccer athletes to have a better and faster
response during a game, and to improve performance in championships.

Trial Status

Protocol version number and data: 1 (01/16/2020)

Date recruitment began: 03/01/2020

Approximate date when recruitment will be completed: 03/01/2022

Abbreviations
RT
reaction time; tDCS:transcranial direct current stimulation; CONSORT:Consolidated Standards of
Reporting Trials; HAD:Hospital Anxiety and Depression Scale; EMG:electromyography; SENIAM:Surface
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Electromyography for the Noninvasive Assessment of Muscles.
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Figure 1

Study Flow Diagram
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Figure 2

Participants receiving the anodal stimulation during the reaction time training.
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Figure 3

Evaluation of the choice reaction time in the upper limbs.
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Figure 4

Evaluation of the choice reaction time in the lower limbs during the kick.
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