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Abstract
Background. When transcranial direct current stimulation (tDCS) was reintroduced as a non-invasive brain stimulation 

technique, it had been known for more than 50 years that the main mechanism of action was the sub-threshold regulation of 
neuronal membrane potential, which depended on changing the cortical excitability and activity through the current flow of 
the target neuron. In this review we concentrated on the progress made for tDCS in the last few years in sports, which so far 
has partially found entrance into the design of clinical studies, and on results obtained in recently conducted clinical pilot 
studies.

Aims. Our objective was to analyze the effects of tDCS în sport exercises, for normal or high-level practitioners.
Methods. We performed a literature review în different databases: PubMed, Web of Science, SCOPUS, SportDiscus, 

Google Scholar. Full text articles that used tDCS for exercise performance improvement in athletes were included (only 
articles in English were found). We searched for articles available in each database until 15 January 2018. We used articles 
published in journals, randomized sham controlled trials comparing anodal stimulation and cathodal stimulation to a sham / 
control for performance in isometric, isokinetic or dynamic strength exercise and whole-body exercise.

Results. We included 23 studies that met our selection criteria, in which tDCS produced changes in cycling training for: 
the whole body (9 articles), for muscle strength in isometric exercise (7 articles), for maximal isometric voluntary contraction 
(MIVC) (2 articles), for isokinetic exercises (3 articles) and during dynamic exercise (2 articles).

Conclusions. The anodal stimulation (a-tDCS) on the motor cortex (M1) had better results than sham stimulation especially 
for cycling exercises; consequently, more studies and attempts of different montages are needed. Interest in tDCS is constantly 
growing, as evidenced by the growing number of studies in recent years. Consequently, positive results will appear more and 
more with the discovery of optimal stimulation parameters. In other words research must continue for this therapy of the 
future to become a consistent therapeutic alternative, especially in performance athletes.

Key words: transcranial direct current stimulation (tDCS or HD-tDCS), exercise, fatigue,  athletic performance, non-
invasive brain stimulation (NIBS).

Copyright © 2010 by “Iuliu Haţieganu” University of Medicine and Pharmacy Publishing

Received: 2020, May 18; Accepted for publication: 2020, May 18           
Address for correspondence: Carol Davila University of Medicine and Pharmacy, Eroii Sanitari Av. No. 8, 050474 PC, Bucharest, Romania
E-mail: dr.edismustafa@yahoo.com 
Corresponding author: Edis Mustafa, dr.edismustafa@yahoo.com 
https://doi.org/10.26659/pm3.2020.21.3.167

Introduction
About 20 years ago, transcranial direct current 

stimulation (tDCS) was reintroduced as a non-invasive brain 
stimulation (NIBS) technique (Priori et al., 1998; Nitsche 
& Paulus, 2001). Its main mechanism of action is the sub-
threshold regulation of the neuronal membrane potential, 
which depends on changing cortical excitability and activity 
through the current flow of the target neuron (Purpura & 
McMurtry, 1965). Other biological effects of electric fields 
may also be relevant (changes in neurotransmitters, effects 
on glial cells and microvessels, regulation of inflammatory 
processes). Transcranial direct current stimulation (TDCS) 
is an accepted technique because of its potential impact on 
the brain activity of healthy subjects; it has attracted more 

and more attention and the patient populations.   tDCS is 
a non-invasive, portable, easy-to-use, safe, well tolerated 
method (Batsikadze et al., 2013; Okano et al., 2015), 
(Prateek et al., 2006) using an economical technology, 
with a weak direct current DC (up to 2 mA current for 
tens of minutes) applied to the scalp to modulate cortical 
excitability (Nitsche et al., 2001; Nitsche et al., 2003a). 
Traditionally, the anode is placed close to the nominal 
targets (anodal tDCS, a-tDCS), which is assumed to 
increase neuronal excitability, plasticity, while placing the 
cathode near the nominal target (cathodal tDCS, c-tDCS) 
is assumed to have the opposite effect (Nitsche et al., 2001; 
Nitsche et al., 2003b). The clinical efficacy of tDCS has 
been shown in a variety of diseases, such as post-stroke 
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exercise rehabilitation and depression (Fregni et al., 2005; 
Fregni et al., 2006; Hummel et al., 2005).

Here we will concentrate on the progress made for 
tDCS over the last few years in sports, which so far has 
partially found entrance into the design of clinical studies, 
and on results obtained in recently conducted clinical pilot 
studies. It is known that sports performance is affected by 
various physical, physiological and psychological factors 
(McCormick et al., 2015; Breil et al., 2010; Pearson et 
al., 2006). Especially in sports, alternatives have always 
been looked for to improve human function (Schubert et 
al., 2013); some athletes even use illegal drugs for this 
purpose  (Săvulescu  et al., 2003). In recent years, the 
focus has shifted to the brain and to how performance 
may be limited or improved. The brain plays an important 
role in establishing fatigue and sports performance 
(Noakes et al., 2012). In this case, several centrally-
acting performance modifiers have been shown to have 
an impact on sports performance (Noakes et al., 2012).

There are multiple brain areas that may be involved in 
exercise regulation or limitation; therefore, the reasons for 
using tDCS to enhance performance may vary. However, 
most studies on exercise and athletic performance fail 
to provide clear or unambiguous assumptions about 
why placing electrodes at specific locations to excite or 
inhibit a given brain area improves athletic performance. 
Although this is not an extensive list, some of these areas 
include the main motor cortex (M1), prefrontal cortex 
(PFC), island cortex (IC) and supplementary motor area 
(SMA).

More and more researchers are interested in the 
potential role of tDCS in improving performance and there 
has been an increase in the past few years. Cogiamanian 
et al. (2007) provide the first proof that tDCS can delay 
fatigue. They show that tDCS greatly reduces the fatigue 
effect of exercise in healthy individuals and is significantly 
extended by 50% compared with M1, the TTE of the 
isometric contraction of the elbow flexor muscle after 
no stimulation. Later, Okano et al. (2015) also show that  
a-tDCS (for IC on the left) improves cycling performance 
by 4% (i.e. maximum power output and TTE) in national 
level road cyclists. These results are further supported, 
although there can be different montages of electrodes 
and performance measurements (Abdelmoula et al., 2016; 
Vitor-Costa et al., 2015; Nitsche et al., 2008).

Although some studies using tDCS showed a 
positive performance improvement (Okano et al., 2015; 
Cogiamanian et al., 2007; Abdelmoula et al., 2016; Vitor-
Costa et al., 2015), others failed to reproduce positive 
results (Barwood et al., 2016). The mixed findings may be 
due to protocol changes such as placement of electrodes, 
current intensity and density, the type of exercise test 
used, participant’s physical or activity adaptation level, 
and sample size. Similarly, the usage time of tDCS is 
also inconsistent because studies have used tDCS before, 
during testing and during training.

These early studies with positive results (Okano et al., 
2015) have stimulated business and consumer interest in 
tDCS’ athletic performance, including elite levels.

Several submissions and literature reviews suggest 
that tDCS is an effective improvement method for 

performance (Davis et al., 2013;  Colzato et al., 2017; 
Park et al., 2017), including discussions about its fairness 
and ethical use in sports, for example as a “neuro-doping” 
technique (Davis et al., 2013; Colzato et al., 2017; Angius 
et al., 2017), as some authors debate this moral mode of 
using tDCS in sports (Park et al., 2017), and other modes 
of recommended anti-doping regulators list tDCS as an 
illegal strategy to enhance performance in sports (Park 
et al., 2017). Therefore, it is a call on researchers to 
determine the biomarkers used by tDCS in order to be 
able to test their use in competition or out of competition  
(e.g. anti-doping test) (Park et al., 2017).

Hypothesis
In this review article, we synthesized the necessary 

information regarding the ideal parameters in order 
to improve sports performance using a non-invasive 
transcranial stimulation therapy. There are numerous 
studies conducted in various pathologies and the vast 
majority highlight the benefits of this new medical 
therapy.

Methods
Research protocol
a) Period and place of the research 
We performed a literature review in different databases: 

PubMed, Web of Science, SCOPUS, SportDiscus, Google 
Scholar. Full text articles that used tDCS for exercise 
performance improvement in athletes were included 
(only articles in English were found). We searched for 
articles available in each database until 15 January 2018.                                                                

For the eligibility criteria we used published articles 
in journals, randomized sham-controlled trials comparing 
anodal stimulation and cathodal stimulation to a sham 
/ control for performance in isometric, isokinetic or 
dynamic strength exercise and whole-body exercise.

b) Subjects and groups
For each included article, we extracted data regarding 

the sample size and  characteristics (age, sex, level 
of physical activity, fitness or training, and type of  
exercise training), the number and reasons for dropout, 
intervention characteristics  (electrode location, current 
intensity density, and duration), side and adverse effects.

c) Test applied 
For the outcome, we extracted the following data 

(absolute values): (a) transthoracic echocardiogram (TTE) 
during whole-body  dynamic exercise and isometric 
exercise for major muscle groups and (b) maximal  
isometric, isokinetic, and dynamic muscle strength.

Results
A total of 1612 records were screened and the 

qualification of 29 full texts was evaluated. The most 
common causes excluded during the screening phase 
were studies involving patient-related health conditions 
(such as multiple sclerosis, stroke, Parkinson’s disease, 
Alzheimer’s disease) as well as the elderly and 
adolescents.

We included 13 studies, involving 245 participants 
in qualitative comprehensive research, and 10 studies 
involving 228 participants in quantitative comprehensive 
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research. The number of studies included in this review 
is mainly due to the stimulated area (i.e. PFC, M1, TC) 
and results (e.g. isometric, isokinetic, dynamic muscle 
strength or TTE, sprint, time trial, peak power output 
in cycling) and we were unable to perform quantitative 
synthesis.

The references included in the article are from the 
period 1965 to January 2018. 

A comprehensive summary of the characteristics of 
the included studies on the impact of tDCS in improving 
athletic performance can be found in the following Table 
I. All included studies were randomly grouped, of which 
11 (84.6%) were cross-over studies and 2 (15.4%) were 
parallel studies. Ten studies (76.9%) had a sham condition 
or group as comparators, 2 studies (15.4%) had both sham 
stimulation and control,  while one study (7.7%) had only 
the control group serving as a comparator. Nine studies 
(69.3%) performed only a-tDCS, while 4 (30.7%) studies 
applied both a-tDCS and c-tDCS.  The current intensity 
applied was 1.5 or 2 mA and the current density (mean ± 
SD) was 0.104 ± 0.110 mA / cm² (from 0.043 to 0.44 mA 
/ cm²), with a duration of 15.1 ± 4.8 minutes (from 10 to 
20 min).

The study evaluated both men and women, with 
an average ± SD sample size of 14.4 ± 5.7 (6 to 24 
participants) per study, a median of 12 years, ages from 
17 to 42 years, and different levels of physical activity or 
fitness.

Regarding the timing of tDCS, 8 studies (61.5%) 
applied tDCS before exercise, 2 studies (15.4%) applied 
tDCS in sports, and one study (7.7%) applied tDCS before 
and during exercise, one study (7.7%) applied tDCS to 
repeated training, and one (7.7%) during sports training. 
The effect of tDCS on improving exercises was assessed 
in 8 studies (61.5%), where muscle strength performance 
was evaluated, of which 4 studies (30.8%) used isometric, 
2 (15.4%) constant speed, 2 (15.4%) dynamic power 
exercise. Four studies (30.8%) evaluated the effect of 
tDCS on improving whole-body cycling performance.

The most stimulated area was M1 (n = 16; 72.5%), but 
there were also studies on the stimulation of dorsolateral 
PFC (n = 2; 9.1%), left TC (N = 3; 13.6%), as well as M1 
and lateral PFC (n = 1; 4.5%). 

tDCS can improve whole-body performance in cycling 
training 

We found that a-tDCS followed by a constant-load 
cycling exercise would increase TTE. Although the 
significant effect found to be beneficial for a-tDCS did 
not have significant heterogeneity (Chi² = 0.45, P = 
0.80, I² = 0%) in a study by Vitor-Costa et al. (2015), a 
disproportionate body weight (84.8%) was presented in 
the analysis.

c-tDCS has no effect on the arrival time in physical 
exertion during constant load cycling exercise. Vitor-
Costa et al. (2015) found no heterogeneity this time 
(Chi 2 = 0.03, P = 0.87, I 2 = 0%), and there was also a 
disproportionate weight (94.9%).

Other four studies used tDCS to enhance whole-body 
cycling. However, due to different brain regions and / or 
other types of exercise tests performed, this could not be 
quantitatively synthesized.

tDCS was used to improve muscle strength during 
isometric exercise

Compared with sham stimulation, the application of 
a-tDCS before exercise had no effect on isometric muscle 
strength of the upper or lower limbs.

Especially for the upper limbs, significant 
heterogeneity was found (Chi 2 = 11.51, P = 0.009, I 2 
= 74%). Similarly, compared with sham stimulation, 
application of a-tDCS during exercise had no significant 
effect on isometric muscle strength.

Due to the evaluation of different muscles or the use 
of repeated tDCS training, two studies were not included 
in the quantitative synthesis.

When Hazime et al. (2017) applied a-tDCS to the 
M1 of handball players, it was found that the amount 
of maximal isometric voluntary contraction  (MIVC) of 
the shoulder internal and external rotator muscles during 
tDCS remained unchanged  (MD = 0.10 N / Kg; 95% CI 
= -0.05 N / Kg to 0.25 N / Kg and MD = 0.10 N / Kg; 
95% CI = 0.00 N / Kg to 0.20 N / Kg), but increased 
by 30 minutes (both MD = 0.20 N / Kg; 95% CI = 0.05 
N / Kg to 0.35 N / Kg) and 60 minutes (MD = 0.20 N 
/ Kg. After stimulation, both 95% CI = 0.05 N / Kg to 
0.35 N / Kg. Frazer et al. (2016) evaluated the effect of 
applying a-tDCS on M1 for four consecutive days and 
reported a significant improvement in wrist flexor MIVC, 
8% compared to 3% for sham stimulation.

tDCS was used to improve muscle strength during 
isokinetic exercise

Only three studies analyzed the effect of tDCS on 
isokinetic strength. Because they stimulated different 
brain regions, a quantitative synthesis was not possible. 
Two of the studies used similar tDCS parameters (2 
mA, 20 minutes, 0.057 mA / cm²), isokinetic exercise 
assessments (2-3 sets, performed 5 and 10 times in knee 
extensors at 60º.s-1) and samples (physically active men). 

tDCS was used to improve muscle strength during 
dynamic exercise

Only two studies evaluating the effect of tDCS on 
dynamic muscle strength were found. Latari et al. (2016), 
before conducting the second 10-time maximum elbow 
flexor test (i.e. up to 10 repetitive workloads), applied 
a-tDCS and c-tDCS (2 mA, 0.057 mA / cm² for 20 
minutes) to the trained men, and found that the number 
of repetitions after a-tDCS was significantly higher than 
that of sham tDCS (MD = 4.28; 95% CI = 2.56 to 6.00). 
Interestingly, c-tDCS reduced the number of repetitions 
compared to sham tDCS (MD = -2.52; 95% CI = -3.75 to 
-1.28). Hendy & Kidgel (2014) applied only a-tDCS and 
a-tDCS combined with sham in the non-dominant hand 
M1 alone to perform resistance exercises in the dominant 
hand. The authors report that a single a-tDCS exercise is 
associated with resistance exercise, which can increase 
the maximum voluntary dynamic strength of untrained 
limb wrist extensors compared to sham stimulation + 
resistance exercise and a-tDCS alone, but its 95% CI MD 
has not confirmed its positive effect (MD = 0.46 kg; 95% 
CI = -2.00 kg to 2.92 kg; MD = 0.56 kg; 95% CI = -2.01 
kg to 3.13 kg) (Hendy & Kidgel, 2014).
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Discussions 
In this review article we included 13 studies with 

a total of 245 participants, and we studied the effects of 
tDCS on athletic performance. In the stimulation protocols 
that we found for a-tDCS applied on M1 cortical area in 
cycling, there was weak evidence, but a separate study 
strongly  influenced the results, in contrast with c-tDCS 
which did not significantly affect the results. In addition, 
for the tested protocol, a-tDCS applied before or during 
exercise did not show a significant effect on the isometric 
muscle strength of the upper or lower extremities. These 

studies present mixed results related to the application of 
a-tDCS to isokinetic muscle strength. Before or during 
the dynamic muscle strength test, only two studies using 
a-tDCS applied to PFC and M1 also showed mixed results. 

The synthesis shows that a-tDCS has a significant effect 
when  M1 area is stimulated, and this fact can improve 
TTE during cycling for about 93 seconds, which shows 
that a-tDCS can actually improve performance and be 
used for this purpose before training and / or competition. 
Because cycling performance can be improved, even by 
a small percentage, around 1-2%, it can be a key issue 
in terms of high competitive performance such as the 

Table I 
Stimulation parameters from the included studies. 

Study Information Sample tDCS set-up

Authors Design Exp Exercise 
type

Exercise 
protocol a Training 

status

Anode or
Cathode

Return electrode

Intensity
(mA)

Density
(mA/cm2)

Duration 
(Min)

Abdelmoula 
et al., 2016 Cross 1 Isometric

strength
35% of MIVC of

elbow flexion 
11   

(8M/3W) N/D Left M1                        
Right Shoulder 1.5 0. 043 10

Cogiamanian 
et al., 2007 Parallel 1 Isometric

strength
35% of MIVC of

elbow flexion
24 

(10M/14W) N/D A Left M1                      
Right Shoulder 1.5 0. 043 10

Authors Parallel 2 Isometric
strength

35% of MIVC of
elbow flexion

24    
(10M/14W) N/D C Left M1                      

Right Shoulder 1.5 0. 043 10

Kan et al., 
2013 Cross 1 Isometric

strength
30% of MIVC of

elbow flexion 15 M N/D Right M1/                      
Right Shoulder 2.0 0. 083 10

Radel et al., 
2017 Cross 1 Isometric

strength
35% of MIVC of

elbow flexion
22M 

(13M/9W) N/D
A C2 and C 4cm 

around (HD-
tDCS 4x1)

2.0 N/D N/D

Authors Cross 2 Isometric
strength

35% of MIVC of
elbow flexion

22M 
(13M/9W) N/D

HD-tDCS (A) 
AF4 and (C) 4 

cm around
2.0 N/D N/D

Williams 
et al., 2013 Cross 1 Isometric

strength
20% of MIVC of

elbow flexion
18   

(9M/9W)
9 active/

9 low active
Right M1 

Fp2 1.5 0. 043 <= 20

Hazime 
et al., 2017 Cross 1 MIVC

Shoulder
internal/external

rotations
8 (W) Handball 

athletes
C3/C4

Fp2/Fp1 2.0 0. 057 20

Frazer 
et al., 2016 Cross 1 MIVC Wrist flexors 14 

(6M/8W) N/D Left C3
Fp2 2.0 0. 08 20

Maeda 
et al., 2017 Parallel 1 Isokinetic

strength

5 reps of eccentric
knee

extension/flexion

24   
(12M/12W) N/D M1

Shoulder 2.0 0. 08 10

Montenegro 
et al., 2015 Cross 1 Isokinetic

strength
10 reps of knee

extension/flexion 14 (M) Trained in RT
(>=6 months)

Left M1
Fp2 2.0 0. 057 20

Sales 
et al., 2016 Cross 1 Isokinetic

strength
5 reps of knee

extension 19 (M) Physically 
active

T3
Fp2 2.0 0. 057 20

Hendy 
et al., 2014 Cross 1 Dynamic

strength
1RM wrist 
extension

10 
(5M/5W) N/D Right M1

Fp1 2.0 0. 08 20

Lattari 
et al., 2016 Cross 1 Dynamic

strength
10RM elbow 

flexion 10 (M) Trained in RT
(>=6 months)

F3
Fp2 2.0 0. 057 20

Angius 
et al., 2018 Cross 1 Cycling TTE at 70% PP 12        

(8M/4W)
Recreationally

active
A both M1/ 
shoulders 2.0 0. 057 10

Authors Cross 2 Cycling TTE at 70% PP 12       
(8M/4W)

Recreationally
active

A both M1/ 
shoulders 2.0 0. 057 10

Angius 
et al., 2015 Cross 1 Cycling TTE at 70% PP 9 (M) Recreationally

active Right M1/F4 2.0 0. 17 10

Barwood 
et al., 2016 Cross 1 Cycling 20 km time trial 6 (M) Physically 

active T3/Fp2 1.5 0. 43 20

Authors Cross 2 Cycling TTE at 75% PP 8 (M) Physically 
active T3/Fp2 2.0 0. 44 20

Lattari
et al., 2016 Cross 1 Cycling TTE at 100% PP 11 (M) Moderately

active F3/Fp2 2.0 0. 057 20

Okano
et al., 2015 Cross 1 Cycling Incremental

maximum 10 (M) Athletes
(cyclists) T3/Fp2 2.0 0. 057 20

Vitor-Costa
et al., 2015 Cross 1 Cycling TTE at 80% PP 11 (M) Physically 

active A both M1/  Inion 2.0 0. 056 13

Authors Cross 2 Cycling TTE at 80% PP 11 (M) Physically 
active C both M1/ Inion 2.0 0. 056 13
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Olympics because those milliseconds, seconds can make 
the difference between the 1st place and the 2nd place. 
However, it should be noted that only three studies 
evaluated actual athletes (Okano et al., 2015, Hazime et al., 
2017), other studies included samples with varying levels 
of physical activity and health status (from individuals 
with low to active levels), which may have affected the 
changes in the results. In addition, although most studies 
are conducted with a small sample size and it is almost 
impossible to obtain lots of info, it is worth noting that 
the cost-effectiveness of tDCS seems to be beneficial, 
especially considering that there were no adverse effects. 
In addition, the wider community’s use of tDCS outside 
the professional setting may produce uncertain results due 
to electrode placement, contact, impedance and current 
intensities. It should be noted that only two studies used 
tDCS to improve the performance of repeated training, four 
of which (Frazer et al., 2016) for seven times, and the safety 
of tDCS in daily use needs to be evaluated, for example 
before / during training. Therefore, the wide application 
of tDCS outside the laboratory should be considered with 
caution, such as in commercial equipment, until clear 
scientific evidence supports its safety and effectiveness.

The review of isometric muscle exercise shows that 
there is no significant difference between a-tDCS and sham 
stimulation in the upper and lower limbs, when a-tDCS is 
applied before and during exercise. In addition, in order 
to fatigue the isometric contraction of the elbow flexors, 
significant heterogeneity was detected in the results of the 
included studies. Importantly, the percentage of MIVC in 
studies that use isometric muscle strength as a result is 
surprisingly low, between 25% and 38%. Future research 
should consider using higher-intensity exercise to better 
represent the sports environment, for example, in fighting 
sports involving isometric movements, such as judo or 
wrestling. So far, the existing evidence has not supported 
the use of a-tDCS to improve isometric muscle strength 
performance.

Regarding isokinetic muscle strength performance, 
available research stimulated different brain regions and 
found opposite results. One study improved the isokinetic 
strength of the knee extensors by a-tDCS applied to the left 
TC. Another study found no difference in a-tDCS applied 
to M1. 

Interestingly, only two studies involving dynamic 
strength exercises showed opposite results. A single 
a-tDCS before exercise can improve the maximum number 
of repetitions of elbow flexion (Lattari et al., 2016) and 
the single strength training associated with a-tDCS will 
not change the maximum strength of the contralateral wrist 
extensor muscles compared to strength training alone or 
a-tDCS (Hendy & Kidgel, 20140).

It should be noted that the methodological aspects of 
tDCS may have an impact on the stimulation effect, and 
this must be considered in future studies using tDCS for 
performance enhancement. In recent years, the adoption 
of computational forward models of brain currents has 
increased because it provides a deeper understanding of 
brain current patterns, and in some cases, even challenges 
simplified electrode placement based on “classic” 
assumptions. In general, the application of tDCS using 

large electrode pads (called “conventional” tDCS) will 
cause brain currents to spread and therefore exhibit low 
focus, and the peak intensity is usually not on the nominal 
target. 

 To overcome this limitation, “high-definition” tDCS 
(HD-tDCS) uses an array of smaller electrodes arranged 
in various configurations, including a 4x1 ring HD-tDCS 
montage. Compared with the traditional tDCS, HD-tDCS 
has better focus, and has a precise gyroscopic stimulation 
(Kuo et al., 2012), and the potential amplitude and duration 
may be greater (Kuo et al., 2012). Unfortunately, there 
are only two studies that tested HD-tDCS to improve 
performance, but the results did not show significant 
improvements in isometric contraction of elbow flexors 
and knee extensors. Regarding the tDCS mechanism, it 
is assumed that the positive charge applied by a-tDCS 
will cause sub-threshold depolarization and c-tDCS 
hyperpolarization due to its negative charge. This 
hypothesis produced the “classical” polarity-dependent 
effects of tDCS (i.e. a-tDCS excitation and c-tDCS 
inhibition), and thus inferred that the role of tDCS would 
be mediated by changes in neuronal excitability. Studies 
in non-human animals suggest that tDCS-induced changes 
in neuronal excitability may be due to the phosphorylation 
of α-amino-3-hydroxy-5-hydroxy-5-methyl-4-isoxazole 
propionic acid (AMPA) receptor and its transport from the 
cytosol to the synapse (Stafford et. al., 2018). 

In the context of motion, researchers have used 
tDCS based on the “classic” polarity-related assumption. 
However, only one study actually found that the 
performance of c-tDCS after dynamic strength exercise 
decreased significantly (Lattari et al., 2016), while other 
studies showed no change in performance (Cogiamanian  
et al., 2007; Vitor-Costa et al., 2015; Nitsche et al., 2008). 
Our research shows that c-tDCS has no adverse effect on 
riding performance, but shows a clear trend to improve 
riding performance. This result is consistent with previous 
experimental studies by Batsikadze et al. (2013), who 
found that 2 mA of c-tDCS on M1 for 20 minutes can 
increase cortical excitability instead of reducing cortical 
excitability; therefore, future research needs to determine 
that hypothetical changes in brain regions have actually 
occurred. Ideally, the proposed tDCS montage effect 
should be tested before testing the effect of excitability 
changes on athletic performance.

Neuromodulation effects of tDCS can be monitored 
using electroencephalography (EEG) combined with near 
infrared spectroscopy (NIRS). With these control tools 
tDCS montage should be personalized to increase the 
possibility of causing performance changes. However, no 
studies have tested the effect of anatomical changes on tDCS 
in athletic performance. In addition, studies have shown 
that the baseline level of motor function affects the after 
effects of tDCS. Therefore, people with lower functional 
baseline levels showed (greater) improvement after tDCS, 
while people with higher functional levels showed lower 
improvements or no change in performance. However, 
these studies were conducted with good motor skills (that 
is, playing musical instruments). It is still necessary to test 
the effect of tDCS on individuals with different exercise 
levels (such as running, cycling, weightlifting, or resistance 
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to weightlifting).
Regarding tDCS montages, most studies have focused 

on M1, while less attention has been paid to other aspects, 
such as dorsolateral PFC, left TC, and lateral prefrontal 
cortex. As already mentioned in the introduction, various 
parts of the brain are involved in athletic performance. 
In short, the principle of stimulating M1 is to increase 
its excitability, so that the connection between M1, the 
thalamus and the island cortex (IC) can be used to extend 
the driving force of nerves to active muscles and delay 
central fatigue or changes caused by the exercise induced 
pain process, which will increase performance by reducing 
pain.

Following this review, we cannot recommend a certain 
montage for the electrodes, but it seems that tDCS on 
the M1 brain area gave the best results. On the one hand, 
existing research shows protocol heterogeneity, on the 
other hand, the theoretical optimal dose of tDCS has not 
been fully explored (for example, current intensities of 2 
mA); in actual training, several weeks of repeated courses 
may be used; therefore, the existing dosage plan should be 
regarded as a pilot, rather than as an optimized plan.

Conclusions
Anodal stimulation (a-tDCS) on the motor cortex (M1) 

had better results than sham stimulation, especially for 
cycling exercises.

When comparing anodal stimulation (a-tDCS) with 
sham stimulation in the isometric muscle strength of the 
upper and lower limbs, no significant improvement was 
found. 

To test the presumed effect of tDCS on athletic 
performance, future research should try to personalize 
the tDCS protocol, such as using a computational model 
with single MRI data to define the most effective electrode 
placement (including the reference electrode) to achieve a 
given goal.

It is necessary to establish some recommendations 
/ protocols regarding the installation, duration, current 
intensity, and also the recurrence of the stimulation sessions 
regarding the physical training (e.g. before training, during 
training, before competition).

Probably investigating the usage of a current intensity 
higher than 2mA will be able to deliver better results in 
terms of achieving athletic performance.

For the given results, especially the use of HD-tDCS 
can give better results.

The wide application of tDCS outside the laboratory 
should be considered with caution, such as in commercial 
equipment, until clear scientific evidence supports its 
safety and effectiveness.

The results obtained from this review reflect the 
good trend of this therapy, tDCS, in improving sports 
performance; even if the results do not provide a major 
plus, it is important that they exist and for high-level 
athletes improving performance through this kind of 
brain stimulation, even if only by 1-2%, can make major 
differences in sports competitions.

Interest in tDCS is constantly growing, as evidenced 
by the growing number of studies in recent years. 
Consequently, positive results will appear more and more 

with the discovery of optimal stimulation parameters; in 
other words, research must continue for this therapy of the 
future to become a consistent therapeutic alternative.
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