
 

QUALITY IN SPORT 

eISSN 2450-3118 · Open Access · Peer-reviewed 

apcz.umk.pl/QS Nicolaus Copernicus University in Toruń 
 

 

Cite as: KAŁUŻA, Kinga, PATER, Michał, KAŁWA, Natalia, SMERDZYŃSKI, Mateusz, CHMURSKA, Agnieszka, 

MAJCHRZYK, Aleksandra, STRZĘPEK, Aleksandra, ŁYŻWA, Julia, FRĄCZEK, Karolina and JANASZEK, Agnieszka. 

Transcranial Direct Current Stimulation in Sport: Neurodoping or Performance Support? Systematic Review. Quality in Sport. 

2026;57:72406. https://doi.org/10.12775/QS.2026.57.72406 

ARTICLE TIMELINE 

Received: 22.05.2026. Revised: 25.05.2026. Accepted: 31.05.2026. Published: 10.06.2026. 

 

The journal has been awarded 20 points in the parametric evaluation by the Polish Ministry of Higher Education and Science (Annex to the 

announcement of 05.01.2024, No. 32553). Unique Journal Identifier: 201398. Scientific disciplines: Medical Sciences; Health Sciences. 

Punkty Ministerialne z 2019 – aktualny rok 20 punktów. Załącznik do komunikatu Ministra Szkolnictwa Wyższego i Nauki z dnia 05.01.2024 

Lp. 32553. Posiada Unikatowy Identyfikator Czasopisma: 201398. Przypisane dyscypliny naukowe: Nauki medyczne; Nauki o zdrowiu. © 

The Authors 2026. 

OPEN ACCESS · CC BY-NC-SA 4.0   This article is published with open access under the License Open Journal Systems of Nicolaus 

Copernicus University in Toruń, Poland, and is distributed under the terms of the Creative Commons Attribution Non-commercial Share Alike 

License (http://creativecommons.org/licenses/by-nc-sa/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in 

any medium, provided the work is properly cited. The authors declare no conflict of interest regarding the publication of this paper. 

 

1 

Transcranial Direct Current Stimulation in Sport: Neurodoping or Performance 

Support? Systematic Review 

Kinga Kałuża [KK] 

Collegium Medicum, Jan Kochanowski University, Kielce, Poland 

https://orcid.org/0009-0000-8226-6723 

kinga.kaluza777@gmail.com 

Michał Pater [MP] 

Collegium Medicum, Jan Kochanowski University, Kielce, Poland 

https://orcid.org/0009-0001-1367-7198 

widzacy.arki.1g@icloud.com 

 

 

 

 

https://doi.org/10.12775/QS.2026.57.72406
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://orcid.org/0009-0000-8226-6723
https://orcid.org/0009-0001-1367-7198
mailto:widzacy.arki.1g@icloud.com


2 

 

Natalia Kałwa [NK] 

Collegium Medicum, Jan Kochanowski University, Kielce, Poland 

https://orcid.org/0009-0009-6657-7148 

natbanach15@gmail.com 

Mateusz Smerdzyński [MS] 

Collegium Medicum, Jan Kochanowski University, Kielce, Poland 

https://orcid.org/0009-0001-6352-8609 

mateuszsmerdzynski@gmail.com 

Agnieszka Chmurska [ACH] 

Collegium Medicum, Jan Kochanowski University, Kielce, Poland 

https://orcid.org/0009-0000-1883-4060 

agnieszkachmurska98@gmail.com 

Aleksandra Majchrzyk [AM] 

Collegium Medicum, Jan Kochanowski University, Kielce, Poland 

https://orcid.org/0009-0007-9255-9651 

olamatysiak67@gmail.com 

Aleksandra Strzępek [AS] 

Collegium Medicum, Jan Kochanowski University, Kielce, Poland 

https://orcid.org/0009-0006-3045-8313 

a0strzepek@gmail.com 

Julia Łyżwa [JŁ] 

Collegium Medicum, Jan Kochanowski University, Kielce, Poland 

https://orcid.org/0009-0004-6058-296X 

julia.lyzwa3@wp.pl 

 

 

 

https://orcid.org/0009-0009-6657-7148
https://orcid.org/0009-0001-6352-8609
https://orcid.org/0009-0000-1883-4060
https://orcid.org/0009-0007-9255-9651
https://orcid.org/0009-0006-3045-8313
https://orcid.org/0009-0004-6058-296X


3 

 

Karolina Frączek [KF] 

Collegium Medicum, Jan Kochanowski University, Kielce, Poland 

https://orcid.org/0009-0007-8065-2680 

fraczek.karolinaewa@gmail.com 

Agnieszka Janaszek [AJ] 

Collegium Medicum, Jan Kochanowski University, Kielce, Poland 

https://orcid.org/0009-0009-1774-6021 

a.janaszek76@gmail.com 

 

Corresponding author: 

Kinga Kałuża [KK], email: kinga.kaluza777@gmail.com 

 

 

Abstract 

Background. Professional athletes increasingly rely on neurophysiology to enhance athletic 

potential. Transcranial Direct Current Stimulation (tDCS) has become one of techniques to 

modulate cortical excitability. It can act as ergogenic aid by modifying motor control and 

fatigue perception. 

Aim.This systematic review analyzes the impact of tDCS on motor skills, physical endurance, 

and cognitive performance. It also addresses the ethical debate surrounding “neurodoping”. 

Materials and Methods. This systematic review was conducted following PRISMA 

guidelines. The search was conducted in PubMed and Web of Science, and Scopus. 62 

publications were analyzed, published up to January of 2026. The review focused on anodal 

stimulation of M1 and DLPFC regions. 

Results. Findings indicate small to moderate effects on performance. The most consistent 

results involve reduced perceived exertion and improved Time-to-Exhaustion (TTE), especially 

in M1 stimulation. DLPFC stimulation showed benefits in cognitive tasks, decision-making, 

and emotional regulation. However, significant heterogeneity existed due to variations in study 

methodology.  

Conclusions. tDCS can enhance performance by modulating the perception of effort rather than 

increasing physical capacity. While not currently prohibited by WADA, the high variability in 

results shows need for standardized protocols and further research into long-term effects and 

ethical regulations. 

Key words: tDCS, athletic performance, neurodoping, mortar cortex, M1, DLPFC, TTE, RPE, 

ergogenic aids, neuromodulation, endurance 
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1. Introduction 

Technological advancement is fundamentally reshaping every aspect of modern life. And the 

world of physical activity and professional sports are no exception. Today, high-performance 

sports increasingly rely on biomedical science. The primary objective is clear: to enhance 

athletic performance and optimize the training process by identifying the most effective method 

for competition preparation. Advances in exercise physiology, biomechanism, and 

neurophysiology have provided a much deeper understanding of biological mechanisms that 

drive human athletic potential. Traditionally, training focused on structured endurance plans, 

optimized nutrition, and tailored recovery programs. However, in recent years, attention has 

shifted toward the new side of exertion. There is now a major focus on the central nervous 

system (CNS) and how it regulates physical capacity and motor control [24, 57]. It can also 

have control on the perception of fatigue, especially during high-intensity sports [15, 16] 

This growing fascination with neurophysiology has led to the development of new methods that 

can modulate specific brain regions. One of these methods is non-invasive brain stimulation 

(NIBS) techniques. They are particularly interesting because they allow researchers to influence 

neural excitability without any permanent structure changes [1]. One of the most widely studied 

methods is transcranial Direct Current Stimulation (tDCS). This protocol involves applying a 

low-intensity electrical current through electrodes placed on the scalp. The resulting current 

flow alters neuronal activity in specific areas [42]. The aim is to influence cognitive processes, 

motor coordination, and overall neurological function in elite athletes [31, 38]. 

In the sport context, researchers are exploring whether tDCS can serve as an ergogenic aid – a 

tool to boost the body's natural performance [10, 36]. Current data suggest that stimulating 

specific areas, such as the primary motor cortex (M1) or the dorsolateral prefrontal cortex 

(DLPFC), can impact how athletes perceive effort [14, 52]. It also can alter how long they can 

perform before reaching the point of maximum exhaustion. Some studies have shown 

improvements in motor precision and cognitive function – attentional Focus and faster decision-

making [11, 27]. These are, of course, essential skills in every competitive sport discipline. 

This rising profile of neuromodulation and brain alteration has also sparked intense ethical 

debate. Some researchers suggest that using tDCS could be viewed as a form of „neuro-doping” 

– a technological way of hacking the brain [5, 23]. So it can perform at a higher level and gain 

an unfair advantage [46]. Although the method is non-invasive and considered safe, its potential 

to artificially enhance endurance and cognition raise concerns about the principles of fair play 

[9, 51]. As these technologies become more common, they may overall require changes in 

international sports regulations [3, 50]. 

Despite the growing number of publications, we still lack a definitive consensus. The difference 

in study designs, sample sizes, and the types of physical effort analyzed make it impossible to 

draw universal conclusions at this stage [8, 22]. Therefore, there is an urgent need for a systemic 

summary of the current state of knowledge. The aim of this paper is to review the existing 
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literature and evaluate the potential impact of tDCS on physical performance, mental agility, 

and motor control in athletes. Specifically focusing on its role as a supportive tool for achieving 

superior sporting results.  

Research objective 

The primary objective of this systematic review is to conduct a critical analysis of the current 

state of knowledge regarding the impact of non-invasive brain stimulation. Specifically, impact 

of tDCS on motor skills, physical endurance, and cognitive performance in elite athletes. 

Specific Objectives: 

1. To evaluate existing scientific evidence concerning the influence of tDCS on enhancing 

performance parameters and motor skills across various sporting disciplines. 

2. To investigate how the stimulation of specific regions - such as M1 or DLPFC can affect the 

subjective perception of effort and fatigue. 

3. To identify the underlying causes of the inconsistencies currently found in the relevant 

academic publications. 

4. To analyze the rising problem of “neuro-doping” within the framework of current legal 

regulations and the fundamental principles of fair play in sport. 

Research Problems 

1. Does anodal stimulation of the M1 lead to measurable increase in muscular strength and a 

prolonged-time-to-exhaustion? 

2. In what way does the DLPFC stimulation influence the subjective RPE? 

3. Are the effects of tDCS more visible in technical disciplines - requiring high precision - or 

those based only on physical endurance? 

4. Which factors can determine the high variability of results and the present challenges with 

replicating experimental effects? 

5. Does the mechanism of tDCS meet criteria to be classified as technological doping under 

current athletic standards and regulations? 

2. Materials and Methods 

This study is based on systematic review conducted in accordance with the PRISMA (Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [61]. The literature 

search was initiated by identifying relevant sources across major databases, including PubMed 

and Web of Science. The collected publications are up to January of 2026 [7]. The search 

strategy included predefined keywords such as “tDCS”, “athletic performance”, 

“neurodoping”, and “motor cortex”, which concluded the gathering of a substantial data on 

neuromodulation in sports [1, 52].  

The selection process was carried out in three stages: an initial screening of titles, a focused 

analysis of abstracts, and lastly, a comprehensive evaluation of full-text papers. 62 publications 

were selected for the analysis based on their thematic relevance and methodologies. The 

qualified research from WADA (World Anti-Doping Agency) [62]. This approach allowed for 

a deep synthesis of findings regarding the impact of stimulation on strength, stamina, and motor 

coordination in high-level athletes [17, 34, 56]. 
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As part of the verification of the gathered material, a specific attention was brought to studies 

based on randomized, crossover controlled trials (RCT) were also analyzed [10, 24, 33]. The 

primary factor under investigation was the assessment of anodal tDCS on M1 and DLPFC 

regions in the context of the RPE and other endurance parameters [14, 41, 52]. The data 

collected was compared with the results obtained under sham (placebo) stimulation conditions. 

This approach made it possible to interpret specific findings within the broader context of the 

existing review literature [8, 22, 38]. Both qualitative and quantitative syntheses of the data 

were performed, with particular attention paid to statistical significance (p < 0.05). This analysis 

forms the base of the conclusions regarding the effectiveness of neuromodulation as a support 

system for elite athletic performance [11, 44]. 

3. Results 

3.1 Overview of Included Studies 

In this systemic review, a total of 62 publications were included. 25 of which were randomized 

controlled trials (RCTSs) [10, 24, 33]. They were selected for more detailed analysis. The 

included studies differed in terms of study design, sport characteristics, and stimulation 

protocols [36, 52]. In most publications, populations consisted of physically active participants 

and professional athletes [7, 16, 56]. This allowed for the evaluation of tDCS effects under 

conditions similar to real physical performance. The most commonly applied stimulation 

parameters were intensities ranging from 1.5 to 2.0 mA [1, 55]. The durations between sessions 

were 15 to 20 minutes. The described conditions can be considered a standard approach in tDCS 

research. In the majority of studies, stimulation was applied over the primary motor cortex (M1) 

and the dorsolateral prefrontal cortex (DLPFC) [14, 42, 57]. Both of which are associated with 

motor control, perception of fatigue, and other cognitive processes.  

The studies showed a considerable level of heterogeneity, in terms of methodology, outcomes 

and participants characteristics [14, 52]. These differences included task type, training level of 

participants, and specific parameters of stimulation. As a result, the findings were not consistent 

with each other. It suggests that effectiveness of tDCS may depend on multiple factors [38, 55] 

To improve clarity and interpretations, the results were categorized into three main categories: 

endurance performance and muscular fatigue, and motor functions. This classification allows 

for more thought presentation of the effects of tDCS across different parts of athletic 

performance. The general characteristics of included studies are presented in Table 1. 
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Table 1. Characteristics of Included Studies: Sport, Discipline, Population, And Effects 

Study (Author, 

Year) 
Sport / Task Population 

Bain 

Target 
Main Outcome 

Effec

t 

ref. 

No 

da Silva 

Machado et al., 

2021 

Cycling  
Trained 

cyclists 
M1 

Time to exhaustion 

(TTE) 
= [10] 

Angius et al., 

2018 
Cycling 

Trained 

cyclists 
M1 

Time to exhaustion 

(TTE) / exercise 

tolerance 

↑ [1] 

Valenzuela et al., 

2019  
Swimming 

Trained 

triathletes 
DLPFC Higher mood perception ↑ [53] 

Holgado et al., 

2019 
Cycling 

Trained 

cyclists 
DLPFC 

Power output / Time trail 

performance  
= [24] 

Pollastri et al., 

2021 
 Cycling 

Trained 

cyclists 
DLPFC 

Time trial performance  

 
= [45] 

Hanson et al., 

2024  

Cycling - 

3mAT 

Recreational 

athletes 
M1 

Time to exhaustion / 

performance output 
= [20] 

Lattari et al., 

2020 
MIVC 

Athletes and 

recreational 

athletes 

M1 / 

DLPFC 

Maximal strength )1RM / 

peak force)  
↑ [31] 

Fortes et al., 

2022 
Soccer 

Professional 

soccer players 
DLPFC 

Decision-making 

response time / Visual 

search patterns 

↑ [16] 

Grosprêtre  et 

al., 2021 
Parkour 

Parkour 

Professionals 
M1 

Fine motor skills / 

cognitive performance 
↑ / = [19] 
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Abbreviations: 

M1 - primary motor cortex;  DLPFC - dorsolateral prefrontal cortex; MVC - maximal voluntary contraction; RPE 

- rating of perceived exertion; MVIC - maximal voluntary isometric contraction; TTE - time to exertion; HTT - hand-

tapping task; FTT - foot-tapping task; 3mAT - 3 minute aerobic test; ↑ - improvement; ↓ - reduction ; = - no 

significant changes 

 

Dai et al., 2024 Fencing 
Professional 

fencers 
M1 

Improvement of 

cognitive performance 
↑ [11] 

Seidel-Marzi & 

Ragert, 2020 
HTT / FTT 

Professional 

soccer/ 

handball 

players / non-

athtletes 

M1 

Movement speed / 

reduced motor 

fatigability / fast 

repetitive movements 

↑ [49] 

Charest et al., 

2021 
Sleep quality 

Student-

athletes 
DLPFC Total sleep time ↑ [4] 

Mehrsafar et al., 

2020 
Archery 

Professional 

archers 
DLPFC 

Modulation of 

competitive anxiety and 

physiological stress 

response  

↑ [39] 

Martens et al., 

2024 
Running Runners M1 Endurance / TTE = [37] 

Giancatarina et 

al., 2024 

Postural 

control 

Parkour - 

trained 

participants 

M1 / 

DLPFC 

Postural control / 

modulation of gait 

performance 

= [18] 

Khantan et al., 

2025 

Swimming 

performance 

Elite 

swimmers 

M1 / 

DLPFC 

Improving swimming 

performance / effects 

physiological and 

cognitive functions 

↑ [30] 

Anoushiravani et 

al., 2023 

Motor 

performance 

Professional 

gymnasts 

M1 / 

cerebellu

m 

Improve MVIC / motor 

functions 
↑ [2] 

Kamali et al., 

2023 

Shooting 

performance 

Professional 

Shotters 
DLPFC Increased shooting scores ↑ [27] 
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3.2 The effect of tDCS on endurance performance 

The largest part of analyzed studies focused on the effects of tDCS on endurance performance 

[8, 22, 38]. The most commonly assessed variables were time to exhaustion (TTE), trial 

completion time, and motor improvements [20, 37, 50]. Some studies reported improvements 

in endurance related outcomes following anodal stimulation [1, 13, 30]. It was especially visible 

when applied over the M1 [14, 31, 52]. In trained athletes, increased time to exhaustion and 

improved exercise tolerance were observed [1, 41]. It suggests that tDCS can have a potential 

ergogenic effect [10, 12, 36]. These findings are consistent with findings presented in Table 1. 

Where several studies showed improved performance in endurance tasks [1, 30, 33]. However, 

other studies did not report differences between active and sham stimulation conditions [10, 24, 

37]. This was evident in cases targeting the DLPFC and in time trials protocols, where the 

results were comparable between groups [24, 45, 52]. Some findings were described as 

“mixed”, highlighting the variability of effects [8, 38, 55]. The differences between studies may 

be explained by inconsistencies in participant training, task type, and stimulation parameters 

[14, 55]. Stimulation of the M1 region appeared to be associated with performance 

improvements compared to DLPFC stimulation [14, 17, 31]. In summary, the evidence suggests 

that tDCS can have a small to moderate effect on endurance performance [8, 36, 38]. But they 

are not consistent across all studies. The most reliable findings have shown improved exercise 

tolerance and reduced perceived fatigue [9, 15, 41]. They can contribute to enhanced athletic 

performance [1, 56]. 

3.3 The effects of tDCS on strength and muscular training 

A majority of the analyzed studies focused on muscle strength and fatigue [17, 34, 47]. The 

findings appear to be consistent, particularly in the M1 area [21, 31, 44]. The most common 

variables were maximal voluntary contraction (MVC), maximal force output, and rating of 

perceived exertion (RPE) [2, 13, 31]. Many publications suggest increased muscle strength after 

anodal stimulation [17, 28, 48]. It can be especially seen in physically active and trained 

individuals [26, 31]. In terms of fatigue, most findings suggest that athletes can feel reduced 

perceived exertion and delayed fatigue onset [15, 41, 52]. These results suggest that tDCS may 

influence central fatigue mechanisms [42, 47, 54]. Several studies reported reduced fatigue and 

improved performance in strength-based tasks [29, 31, 48]. They are shown in Table 1. but not 

all of the studies demonstrated differences between active and sham conditions [34, 55]. It is 

due to methodological differences and individual variability [14, 36]. Overall, tDCS appears to 

have some positive effect on strength and fatigue resistance [17, 38]. 

3.4 Effects of tDCS on Motor and Cognitive Functions 

A number of studies included in this systematic review suggest that tDCS can be relevant on 

motor and cognitive functions. They are linked to enhancing athletic performance [11, 19, 57]. 

The results are heterogeneous, but provide an important view into the potential mechanism 

underlying performance enhancement [38, 52, 55]. The most common assessed motor outcomes 

included reaction time, movement accuracy, and coordination [26, 49, 50]. Several studies have 

shown that anodal stimulation of particular areas of the brain, such as M1, can lead to 

improvements in motor execution [21, 28, 44], which results in faster reaction times, increased 
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precision, and better performance in task-specific movements [16, 32, 58]. This suggests that 

tDCS may facilitate neural processes involved in motor control [42, 47, 57]. Also cognitive 

functions were evaluated, especially in studies targeting DLPFC [24, 25, 53]. Outcomes 

included attention, decision-making, cognitive control, and performance under fatigue or stress 

[11, 15, 16]. Some of which have shown that tDCS improved attention span and executive 

functions [11, 60]. They were relevant in high-stress sports environments requiring fast 

decision-making [16, 25, 39]. Several studies reported reductions in anxiety levels and 

improvement in sleep quality. It may indirectly contribute to enhanced athletic performance 

[10, 41]. These psychological and recovery-related effects suggest that tDCS can have effects 

not only on physical but also psychological aspects of sport [39, 43, 46]. However, not all of 

the studies came to the same conclusions. In some cases there is no difference between active 

and sham stimulation conditions [10, 24, 45]. In some cases, the results were inconsistent and 

“mixed” [8, 14, 38]. It can suggest that influence of the task specificity, individual variability, 

and stimulation condition can make the difference [36, 52, 55]. Overall, the findings have 

shown that tDCS affects motor and cognitive functions.  A summary of stimulation parameters 

and effects are presented in Table 2. 

Table 2. Summary of Stimulation Parameters and Effect Sizes in Selected Randomized Control 

Trials 

Study 

(Author, 

year) 

Population 
Brain 

target 

Intensity 

(mA) 

Duration 

(minutes) 

Study 

design 

Outcome 

measure 
Result 

Ref. 

No 

da Silva 

Machado 

et al., 2021 

Trained 

cyclists 
M1 2.0 20 

RCT 

crossover 
TTE = [10] 

Angius et 

al., 2021 

Trained 

cyclists 
M1 2.0 20 

RCT 

crossover 
TTE ↑ [1] 
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Table 2. Summary of Stimulation Parameters and Effect Sizes in Selected Randomized Control 

Trials 

Valenzuel

a et al., 

2019  

Trained 

triathletes 
DLPFC 2.0 20 

RCT 

crossover 
Mood ↑ [53] 

Holgado et 

al., 2019 

Trained 

cyclists 
DLPFC 2.0 20 

RCT 

crossover 

Power Output  

/ TT 
= [24] 

Fortes et 

al., 2022 

Professional 

soccer players 
M1 2.0 20 RCT RPE ↓ [15] 

Grospretre 

et al., 2021 

Parkour 

Professionals 
M1 2.0 20 

RCT 

crossover 

Motor / 

Cognitive 
↑ / = [19] 

Dai et al., 

2024 

Professional 

fencers 
M1 2.0 20 

RCT 

crossover 

Improvement 

in cognitive 

performance 

↑ [11] 

Seidel-

Marzi & 

ragert, 

2020 

Professional 

soccer/ 

handball 

players / non-

athtletes 

M1 2.0 20 
RCT 

crossover 

Improved 

fatigability 

resistance 

↑ [49] 
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Table 2. Summary of Stimulation Parameters and Effect Sizes in Selected Randomized Control 

Trials 

Mehrsafar 

et al., 2020 

Professional 

archers 
DLPFC 2.0 20 RCT 

Modulation of 

competitive 

anxiety and 

physiological 

stress 

response  

↑ [39] 

Abbreviations: 

M1 - primary motor cortex; DLPFC - dorsolateral prefrontal cortex; MVC - maximal voluntary contraction; RPE - 

rating of perceived exertion; MVIC - maximal voluntary isometric contraction; TTE - time to exertion; ↑ - 

improvement; ↓ - reduction; = no significant changes 

 

3.5 Neurophysiological Mechanisms 

Based on analyzed data, several neurophysiological mechanisms can be identified [1, 42, 47]. 

They can explain the effects of tDCS on athletic performance. These processes do not operate 

alone. They interact with each other and depend on both the stimulation protocol and 

characteristics of the individual participant [36, 52, 55]. One of the most important is the 

increase in cortical excitability, mainly in the M1 area of the brain [21, 50, 54]. Anodal 

stimulation leads to partial depolarization of neuronal membranes [42, 54]. It can make neurons 

more likely to fire. As a result, motor unit recruitment may be enhanced [17, 31, 34]. This leads 

to improved force production and also better control and precision of movement [19, 29, 44]. 

In practical terms, this means stronger and more efficient motor output.  

Another important aspect of changes in central fatigue [42, 57]. tDCS can influence the activity 

of the central nervous systems by reducing inhibitory signaling during prolonged exercise [1, 

9, 29]. This may lead to lower perception of effort and delayed onset of fatigue [15, 41, 52]. 

Several studies have shown that the rate of perceived exertion was reduced [38, 41, 52]. So the 

athlete can do the demanding task for longer periods with the same energy output [1, 30, 37]. 

Stimulation of the dorsolater prefrontal cortex (DLPFC) is more closely related to cognitive 

and psychological processes [24, 43, 53]. This includes improvements in attention span, faster 

more accurate decision-making, and better emotional regulation [11, 16, 25]. These effects are 

relevant in sports that require quick reactions under time-pressure [11, 16, 39]. Even small 

improvements in focus or decision-making speed can make a real difference in performance 

outcomes, especially in sports such as fencing and archery [11, 39]. tDCS may help with 

synaptic plasticity through mechanisms similar to long-term potentiation [21, 54, 57]. This 

supports motor learning and consolidation of new movement patterns [58, 59]. This may 
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contribute to more efficient skill acquisition and refinement of already learnt ones. It is not an 

immediate effect, but can have an important place in training processes [21, 31, 34]. In 

summary, these suggest that the effects of tDCS extend beyond physical performance only. 

They involve a combination of different advantages. The proposed mechanisms and their 

functional relevance are summarized in Table 3. 

Table 3. Neurophysiological Mechanisms Underlying the Effects of tDCS on Athletic Performance 

Mechanism 
Brain 

Region 
Description Functional Effect Outcome Ref. No 

Increased 

cortical 

excitability 

M1 

Anodal tDCS induces 

partial depolarization 

of neuronal 

membranes, increasing 

cortical excitability and 

readiness neurons to 

fire 

Enhanced motor 

unit recruitment, 

improved force 

production and 

movement 

precision 

Strength / 

motor 

performance 

[17, 21, 54] 

Modulation of 

central fatigue 

M1 / 

CNS 

Reduction of inhibitory 

signaling within CNS 

during prolonged tasks 

Decreased RPE, 

delayed onset of 

fatigue, improved 

tolerance 

Endurance / 

fatigue 
[1, 41, 52] 

Altered 

perception of 

effort 

DLPFC 

Influence on cognitive 

perception of effort and 

discomfort during 

exercise 

Increased tolerance 

to physical strain, 

ability to sustain 

effort longer 

Endurance [14, 24, 52] 

Improved 

motor learning 
M1 

Enhanced synaptic 

plasticity 

Improved learning 

of new motor skills 

and movement 

accuracy 

Motor 

performance 
[21, 58, 59] 
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Table 3. Neurophysiological Mechanisms Underlying the Effects of tDCS on Athletic Performance 

Cognitive 

control 

enhancement  

DLPFC 

Modulation of 

executive functions 

such as attention and 

decision-making 

Better focus, faster 

decision-making 

under pressure 

Cognitive [11, 16, 25] 

Emotional 

regulation 
DLPFC 

Influence on neural 

connections involved 

in stress and emotional 

processing 

Reduction of 

anxiety levels, 

improved stress 

management 

Cognitive / 

psychological 
[39, 43, 53] 

Sleep and 

recovery 

regulation 

DLPFC 

Modulation of neural 

networks involved in 

sleep regulations and 

recovery processes 

Improved sleep 

quality and post-

exercise recovery 

Recovery [4, 40] 

Abbreviations: 

M1 - primary motor cortex; DLPFC - dorsolateral prefrontal cortex; RPE - rating of perceived exertion 

3.6 Statistical Synthesis 

Our synthesis of the available data shows that the effect of tDCS on athletic performance is 

generally small to moderate [8, 22, 36]. It is not the same in every case. Its size and type depend 

on the variable of performance that is being tested. The most consistent findings were observed 

in perceived effort and fatigue [15, 41, 52]. but results related to direct performance outcomes 

were less stable and often differed between studies [38, 55]. In endurance tasks, improvements 

were more often reported in time-to-exhaustion tests rather than in time trial conditions [1, 14, 

37]. We suggest that tDCS may affect how long a person can continue exercise ,rather than how 

fast it is completed [10, 24]. In time trial tasks, the effect was less significant [24, 45].  

In case of muscle strength and fatigue, observed results were more consistent [17, 31, 34]. Many 

studies have shown an increase in maximal force and reduction of perceived effort [21, 28, 48]. 

These findings suggest that tDCS may influence central fatigue [42, 47, 57]. Because of that, 

athletes may be able to keep a higher level of effort for a prolonged period of time. This does 

not always mean better absolute performance, but it changes how effort is experienced [1, 15, 

52]. Although, the effects related to motor and cognitive functions were more mixed [19, 54, 

55]. Some studies have shown better reaction time, coordination, and decision-making [11, 16, 

27]. Others however, have shown no clear difference between active and sham stimulation [32, 
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54]. In our opinion, these outcomes are more sensitive to the difference in studies’ design [14, 

55].  

In summary, the effectiveness of tDCS is not uniform. It depends on several factors. There are 

specific sports, the protocol, and the individual participant [36, 38, 52]. We observed that 

variability is an important limitation and suggests that more research is needed. But at the same 

time, the consistent effect on perceived effort may be one of the key mechanisms behind 

performance changes. This could have value, especially in the context of training. A detailed 

summary of the observation is presented in Tables 1 - 3. 

4. Discussion 

4.1 Impact of tDCS on Different Aspects of Athletic Performance 

The overall picture suggests that tDCS does not directly improve physical capacity, but changes 

how effort is perceived during exercises [9, 15, 41]. This seems to be a consistent pattern across 

studies. We observed that there is a difference between studies outcomes and real performance. 

Improvements are more visible in controlled settings, but the decision-making, or strategy is 

less clear [8, 22]. We can conclude that a significant challenge remains the individual 

physiological response to the stimulations [36, 55]. Not everybody reacts in the same manner, 

which makes it difficult to define as a clear, consistent effect. Consequently, tDCS should not 

be viewed as a tool for enhancing physical performance, but rather as one of the methods that 

influence perception of fatigue and exertion [42, 52, 57]. We believe that this could be applied 

in various training programs in specific sporting disciplines, such as long-distance running, 

cycling or triathlon [1, 30, 37, 51]. At the same time, it is very important to understand that the 

results are not guaranteed or constant.  

4.2  tDCS As a Form of Neurodoping 

In recent years, tDCS has become an interesting topic in discussions about doping. In many 

opinions it can be qualified as a form of “neurodoping” meaning enhancing brain activity in 

sport specific tasks [5, 23, 46]. This raises a relevant question - is it doping or not? In our 

systematic review, the results indicate that the effects of stimulation are minor and hard to 

replicate [8, 38]. However, we should understand that even the slightest advantages can be 

significant in elite sports. Other problems shown are accessibility and safety of tDCS [9, 42]. It 

concerns us that it is difficult to confirm both efficacy and the safety of the applied stimulation. 

As of today, there are no regulations regarding use of tDCS. According to the World Anti-

Doping Agency this protocol is not listed as a prohibited method [62]. The conditions to be 

qualified as banned are not clearly met [46, 50]. Also we should distinguish between therapeutic 

use and performance enhancement [3, 50]. It is essential to recognize the use of tDCS in treating 

neurological and psychiatric disorders, its use in boosting physical performance raises a lot of 

ethical questions [9, 43, 46]. This method is somewhere between technological innovation and 

potential ways of doping. 

Due to lack of current regulations and the limited data, we cannot say with full conviction that 

application of this method in sports is ethical and safe. This topic needs further and more 

detailed research and broader debate about its use in sports [3, 43]. 
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4.3 Limitations 

The findings of this systematic review must be interpreted in light significant limitations [61]. 

We observed a predominant number of analyzed studies focused on small sample sizes, which 

can influence statistical power and make harder generalizations of results. Another problem 

was the high variability of stimulation protocol that can prevent the conclusion of standardized 

application of tDCS [36, 55].  

Another challenge that we analyzed was the heterogeneity of the study populations. Our 

analysis revealed that even in the same sport population it is hard to obtain similar results [14, 

38]. The individual neuro-sensivity can alter performance response in athletes. A further 

limitation was diversity of outcome measures. Almost every study used different forms of 

performance indicators and subjective measures. This makes interpretation more challenging 

and limits comparability across studies [8, 22]. We also considered the potential influence of 

the placebo effect [20, 52]. The expectations of participants can also alter the results.  

Finally, most studies focused on short-term effects of tDCS. We do not have enough data about 

long-term results [38, 47, 55]. For these reasons, future studies should focus on more 

standardized protocols, include larger samples and check prolonged effects of tDCS. 

4.4 Future Directions and Practical Implications 

The evolution of the sport neuromodulation requires that the future research must change from 

short-term effects to long-term adaptations [21, 30, 56]. Most of the current data is focused on 

single stimulations, but main potential lies in the cumulative effect of tDCS [34, 47]. We believe 

that investigation of the effects of the repeated stimulation should be the highest priority.  

Finally, the integration of tDCS protocols as one of the training strategies requires cooperation 

between scientists, ethics, and governing bodies of WADA [46, 50, 62]. As technology becomes 

more apparent and portable, the focus must include long-term neurological safety and 

preservation of “fair play” [3, 9, 43]. Establishing clear guidelines seems to be the biggest 

challenge for the next years of sports science. 

5. Conclusions 

tDCS shows a small to moderate effect on athletic performance, but results are not consistent. 

The most clear findings are its modified perceived effort and fatigue. The effectiveness depends 

on multiple factors such as sport specific movements and individual response of participants. 

Because of that we believe that it cannot be considered as a tool for enhancing physical 

performance. But we also see that its ability to modify the effort perception may have practical 

value in sports such as cycling, long distance running and triathlons. What also should be 

considered is the effects depend on the individual athlete. Further research is needed to fully 

understand the place of tDCS in the future of sports.Disclosure: 

Author Contributions 

Conceptualization: Mateusz Smerdzyński, 



17 

Methodology: Natalia Kałwa, 

Investigation: Agnieszka Chmurska, Aleksandra Majchrzyk, 

Writing: Original Draft Preparation: Kinga Kałuża, Michał Pater, 

Writing: Review and Editing: Julia Łyżwa, Aleksandra Strzępek, 

Project Administration: Agnieszka Janaszek, 

Data Curation: Karolina Frączek. 

Funding 

This research received no external funding. 

Institutional Review Board Statement 

Not applicable. 

Informed Consent Statement 

Not applicable. 

Data Availability Statement 

The data used in the work are available in the cited scientific publications. 

Conflicts of Interest 

The authors declare no conflict of interest. 

Supplementary Materials 

No additional materials. 

Declaration of Generative AI and AI-Assisted Technologies 

During the preparation of this work, the authors used AI tools to improve grammar and 
language clarity. After using this tool, the authors reviewed and edited the content as needed 
and took full responsibility for the content of the publication. 
 

References 

1. Angius, L., Pascual-Leone, A., & Santarnecchi, E. (2018). Brain stimulation and 

physical performance. Progress in Brain Research, 240, 317–339. 

doi:10.1016/bs.pbr.2018.07.010 

2. Anoushiravani, S., Alizadehgoradel, J., Iranpour, A., et al. (2023). The impact of 

bilateral anodal transcranial direct current stimulation of the premotor and cerebellar 

cortices on gymnastic athletes. Scientific Reports, 13(1), 10611. doi:10.1038/s41598-

023-37843-1 



18 

3. Antal, A., Luber, B., Brem, A. K., et al. (2022). Non-invasive brain stimulation and 

neuroenhancement. Clinical Neurophysiology Practice, 7, 146–165. 

doi:10.1016/j.cnp.2022.05.002 

4. Charest, J., Marois, A., & Bastien, C. H. (2021). Can a tDCS treatment enhance 

subjective and objective sleep among student-athletes? Journal of American College 

Health, 69(4), 378–389. doi:10.1080/07448481.2019.1679152 

5. Chmiel, J. (2025). Transcranial direct current stimulation (tDCS): A new, (still) legal 

form of "neurodoping" in sports? Advances in Clinical and Experimental Medicine, 

34(10), 1611–1624. doi: 10.17219/acem/211178 

6. Chmiel, J., & Buryta, R. (2025). The effect of transcranial direct current stimulation on 

basketball performance—A scoping review. Journal of Clinical Medicine, 14(10), doi: 

3354. 10.3390/jcm14103354 

7. Chmiel, J., & Kurpas, D. (2026). The effectiveness of transcranial direct current 

stimulation (tDCS) in improving performance in soccer players. Journal of Clinical 

Medicine, 15(3), 1281. doi: 10.3390/jcm15031281 

8. Chinzara, T. T., Buckingham, G., & Harris, D. J. (2022). Transcranial direct current 

stimulation and sporting performance: A systematic review and meta-analysis. 

European Journal of Neuroscience, 55(2), 468–486. doi: 10.1111/ejn.15540 

9. Choi, S., Jwa, A. S., Shim, J., et al. (2025). Ethical, legal, social, and cultural 

implications of the non-clinical use of tDCS in Korea and Japan. Neuroscience 

Research, 219, 104951. doi: 10.1016/j.neures.2025.104951 

10. da Silva Machado, D. G., Bikson, M., Datta, A., et al. (2021). Acute effect of high-

definition and conventional tDCS on exercise performance and psychophysiological 

responses in endurance athletes: A randomized controlled trial. Scientific Reports, 

11(1), 13911. doi: 10.1038/s41598-021-92670-6 

11. Dai, J., Xiao, Y., Chen, G., et al. (2024). Anodal transcranial direct current stimulation 

enhances response inhibition and attention allocation in fencers. PeerJ, 12, e17288. doi: 

10.7717/peerj.17288 

12. Donati, F., Sian, V., et al. (2021). Serum levels of brain-derived neurotrophic factor: 

Potential markers of the use of tDCS in sport. Frontiers in Sports and Active Living, 3, 

619573. doi: 10.3389/fspor.2021.619573 

13. Dos Santos, L. F., et al. (2023). Acute effects of transcranial direct current stimulation 

(tDCS) on peak torque and 5000 m running performance. Scientific Reports, 13(1), 

9362. doi: 10.1038/s41598-023-36093-5 

14. Etemadi, M., Amiri, E., Tadibi, V., et al. (2023). Anodal tDCS over the left DLPFC but 

not M1 increases muscle activity and improves endurance performance in hypoxia. 

BMC Neuroscience, 24(1), 25. doi: 10.1186/s12868-023-00794-4 

15. Fortes, L. S., Faro, H., de Lima-Junior, D., et al. (2022). Non-invasive brain stimulation 

over the orbital prefrontal cortex maintains endurance performance in mentally fatigued 

swimmers. Physiology & Behavior, 250, 113783. doi: 10.1016/j.physbeh.2022.113783 

16. Fortes, L. S., et al. (2022). Brain stimulation over the motion-sensitive midtemporal area 

reduces deleterious effects of mental fatigue in basketball players. Journal of Sport and 

Exercise Psychology, 44(4), 272–285. doi: 10.1123/jsep.2021-0281 

17. Gallo, G., et al. (2022). Effects of bilateral dorsolateral prefrontal cortex HD-tDCS on 

physiological responses in elite road cyclists. International Journal of Sports Physiology 

and Performance, 17(7), 1085–1093. doi: 10.1123/ijspp.2022-0019 

18. Giancatarina, M., Grandperrin, Y., Nicolier, M., et al. (2024). Acute effect of 

transcranial direct current stimulation (tDCS) on postural control of trained athletes. 

PLoS ONE, 19(1), e0286443. doi: 10.1371/journal.pone.0286443 



19 

19. Grosprêtre, S., Grandperrin, Y., Nicolier, M., et al. (2021). Effect of transcranial direct 

current stimulation on the psychomotor, cognitive, and motor performances of power 

athletes. Scientific Reports, 11(1), 9731. doi: 10.1038/s41598-021-89159-7 

20. Hanson, N. J., Maceri, R. M., & Koutakis, P. (2024). Transcranial direct current 

stimulation (tDCS) and cycling performance on the 3-minute aerobic test (3mAT): 

Placebo and nocebo effects. Scientific Reports, 14(1), 24659. doi: 10.1038/s41598-024-

74941-0 

21. Hendy, A. M., & Kidgell, D. J. (2013). Anodal tDCS applied during strength training 

enhances motor cortical plasticity. Medicine and Science in Sports and Exercise, 45(9), 

1721–1729. doi: 10.1249/MSS.0b013e31828d2923 

22. Holgado, D., Sanabria, D., et al. (2024). Zapping the brain to enhance sport 

performance? An umbrella review. Neuroscience & Biobehavioral Reviews, 164, 

105821. doi: 10.1016/j.neubiorev.2024.105821 

23. Holgado, D., Vadillo, M. A., & Sanabria, D. (2019). "Brain-doping," is it a real threat? 

Frontiers in Physiology, 10, 483. doi: 10.3389/fphys.2019.00483 

24. Holgado, D., Zandonai, T., Ciria, L. F., et al. (2019). Transcranial direct current 

stimulation (tDCS) over the left prefrontal cortex does not affect time-trial self-paced 

cycling performance. PLoS ONE, 14(2), e0210873. doi: 10.1371/journal.pone.0210873 

25. Joshi, R., et al. (2025). Effects of transcranial direct current stimulation on pre-

competitive cognitive performance and anxiety in collegiate athletes. Scientific Reports, 

15(1), 9041. doi: 10.4103/indianjpsychiatry.indianjpsychiatry_744_24 

26. Kamali, A. M., Kazemiha, M., Keshtkarhesamabadi, B., et al. (2021). Simultaneous 

transcranial and transcutaneous spinal direct current stimulation to enhance athletic 

performance outcome in experienced boxers. Scientific Reports, 11(1), 19722. doi: 

10.1038/s41598-021-99285-x 

27. Kamali, A. M., et al. (2023). A dual-mode neurostimulation approach to enhance 

athletic performance outcome in experienced taekwondo practitioners. Scientific 

Reports, 13(1), 251. doi: 10.1038/s41598-022-26610-3 

28. Kamali, A. M., et al. (2019). Transcranial direct current stimulation to enhance athletic 

performance outcome in experienced bodybuilders. PLoS ONE, 14(8), e0220363. doi: 

10.1371/journal.pone.0220363 

29. Kenville, R., et al. (2020). Cerebellar transcranial direct current stimulation improves 

maximum isometric force production during barbell squats. Brain Sciences, 4(4), 235. 

doi: 10.3390/brainsci10040235 

30. Khantan, M., Abdoli, B., Farsi, A., et al. (2025). Acute and chronic effects of 

transcranial direct current stimulation (tDCS) on swimming performance and cognitive 

function of elite swimmers. Scientific Reports, 15(1), 44083. doi: 10.1038/s41598-025-

27803-2 

31. Lattari, E., Campos, C., Lamego, M. K., et al. (2020). Can transcranial direct current 

stimulation improve muscle power in individuals with advanced weight-training 

experience? Journal of Strength and Conditioning Research, 34(1), 97–103. doi: 

10.1519/JSC.0000000000001956 

32. Lee, Y. J., & Shin, D. (2025). Transcranial direct current stimulation and core 

stabilization enhance shooting performance and balance in athletes. Medical Science 

Monitor, 31, e949848. doi: 10.12659/MSM.949848 

33. Liang, Z., Zhou, J., Jiao, F., et al. (2022). Effect of transcranial direct current stimulation 

on endurance performance in elite female rowers. Brain Sciences, 12(5), 541. doi: 

10.3390/brainsci12050541 



20 

34. Liu, J., et al. (2024). Effects of physical training combined with transcranial direct 

current stimulation on maximal strength in healthy adults. Frontiers in Sports and Active 

Living, 6, 1446588. doi: 10.3389/fspor.2024.1446588 

35. Ma, M., Xu, Y., Xiang, Z., et al. (2022). Functional whole-brain mechanisms underlying 

effects of tDCS on athletic performance of male rowing athletes. Frontiers in 

Psychology, 13, 1002548. doi: 10.3389/fpsyg.2022.1002548 

36. Machado, D. G., Unal, G., Andrade, S. M., et al. (2019). Effect of transcranial direct 

current stimulation on exercise performance: A systematic review and meta-analysis. 

Brain Stimulation, 12(3), 593–605. doi: 10.1016/j.brs.2018.12.227 

37. Martens, G., Hody, S., Bornheim, S., et al. (2024). Can transcranial direct current 

stimulation (tDCS) over the motor cortex increase endurance running performance? 

PLoS ONE, 19(12), e0312084. doi: 10.1371/journal.pone.0312084 

38. Maudrich, T., Ragert, P., Perrey, S., & Kenville, R. (2022). Single-session anodal 

transcranial direct current stimulation to enhance sport-specific performance in athletes: 

A systematic review and meta-analysis. Brain Stimulation, 15(6), 1517–1529. doi: 

10.1016/j.brs.2022.11.007 

39. Mehrsafar, A. H., Rosa, M. A., Zadeh, A. M., et al. (2020). A feasibility study of 

application and potential effects of a single session transcranial direct current 

stimulation (tDCS) on competitive anxiety and mood state in elite athletes. Physiology 

& Behavior, 227, 113173. doi: 10.1016/j.physbeh.2020.113173 

40. Mesquita, P. H. C., et al. (2019). Bi-hemispheric anodal transcranial direct current 

stimulation worsens taekwondo-related performance. Human Movement Science, 66, 

578–586. doi: : 10.1016/j.humov.2019.06.003 

41. Moreira, A., et al. (2021). Effect of tDCS on well-being and autonomic function in 

professional male players after official soccer matches. Physiology & Behavior, 233, 

113351. doi: 10.1016/j.physbeh.2021.113351 

42. Morya, E., Monte-Silva, K., Bikson, M., et al. (2019). Beyond the target area: An 

integrative view of tDCS-induced motor cortex modulation in patients and athletes. 

Journal of NeuroEngineering and Rehabilitation, 16(1), 141. doi: 10.1186/s12984-019-

0581-1 

43. Moscaleski, L. A., et al. (2022). Does high-definition transcranial direct current 

stimulation change brain electrical activity in professional female basketball players? 

Frontiers in Neuroergonomics, 3, 932542. doi: 10.3389/fnrgo.2022.932542 

44. Park, S. B., Han, D. H., Hong, J., & Lee, J. W. (2023). Transcranial direct current 

stimulation of motor cortex enhances spike performances of professional female 

volleyball players. Journal of Motor Behavior, 55(1), 18–30. doi: 

10.1080/00222895.2022.2090489 

45. Pollastri, L., Gallo, G., Zucca, M., et al. (2021). Bilateral dorsolateral prefrontal cortex 

high-definition transcranial direct-current stimulation improves time-trial performance 

in elite cyclists. International Journal of Sports Physiology and Performance, 16(2), 

224–231. doi: 10.1123/ijspp.2019-0910. 

46. Pugh, J., & Pugh, C. (2021). Neurostimulation, doping, and the spirit of sport. 

Neuroethics, 14(Suppl 2), 141–158. doi: 10.1007/s12152-020-09435-7 

47. Qi, S., Cao, L., Wang, Q., et al. (2024). The physiological mechanisms of transcranial 

direct current stimulation to enhance motor performance: A narrative review. Biology, 

13(10), 790. doi: 10.3390/biology13100790 

48. Rodrigues, G. M., et al. (2022). Effects of anodal transcranial direct current stimulation 

on training volume in the back squat exercise. Journal of Strength and Conditioning 

Research, 36(11), 3048–3055. doi: 10.1519/JSC.0000000000004054 



21 

49. Seidel-Marzi, O., & Ragert, P. (2020). Anodal transcranial direct current stimulation 

reduces motor slowing in athletes and non-athletes. BMC Neuroscience, 21(1), 26. doi: 

10.1186/s12868-020-00573-5 

50. Seidel, O., & Ragert, P. (2019). Effects of transcranial direct current stimulation of 

primary motor cortex on reaction time and tapping performance. Frontiers in Human 

Neuroscience, 13, 103. doi: 10.3389/fnhum.2019.00103. 

51. Shyamali Kaushalya, F., et al. (2022). Acute effects of transcranial direct current 

stimulation on cycling and running performance. European Journal of Sport Science, 

22(2), 113–125. doi: 10.1080/17461391.2020.1856933 

52. Teymoori, H., Amiri, E., et al. (2023). Effect of tDCS targeting the M1 or left DLPFC 

on physical performance in repeated all-out cycling. Journal of NeuroEngineering and 

Rehabilitation, 20(1), 97. doi: 10.1186/s12984-023-01221-9 

53. Valenzuela, P. L., Amo, C., Sánchez-Martínez, G., et al. (2019). Enhancement of mood 

but not performance in elite athletes with transcranial direct-current stimulation. 

International Journal of Sports Physiology and Performance, 14(3), 310–316. doi: 

10.1123/ijspp.2018-0473 

54. Veldema, J., Engelhardt, A., & Jansen, P. (2022). Does anodal tDCS improve basketball 

performance? A randomized controlled trial. European Journal of Sport Science, 22(2), 

126–135. doi: 10.1080/17461391.2020.1862306 

55. Winker, M., et al. (2024). The acute effects of motor cortex transcranial direct current 

stimulation on athletic performance in healthy adults. European Journal of 

Neuroscience, 60(5), 5086–5110. doi: 10.1111/ejn.16488 

56. Yang, X., Wu, J., Tang, Y., & Ren, Z. (2024). Effects of anodic transcranial direct 

current stimulation combined with physical training on the performance of elite 

swimmers. Frontiers in Physiology, 15, 1383491. doi: 10.3389/fphys.2024.1383491 

57. Zeng, Y., Cheng, R., Zhang, L., et al. (2024). Clinical comparison between HD-tDCS 

and tDCS for improving upper limb motor function. Neural Plasticity, 2024, 2512796. 

doi: 10.1155/2024/2512796 

58. Zhu, F. F., et al. (2015). Cathodal transcranial direct current stimulation over left 

dorsolateral prefrontal cortex area promotes implicit motor learning in a golf putting 

task. Brain Stimulation, 8(4), 784–786.doi: .1016/j.brs.2015.02.005 

59. Chang, S. (2022). The application of transcranial electrical stimulation in sports 

psychology. Computational and Mathematical Methods in Medicine, 2022, 1008346. 

doi: 10.1155/2022/1008346 

60. Amouzadeh, F., & Sheikh, M. (2022). Impact of transcranial alternating current 

stimulation on working memory and selective attention in athletes with ADHD. 

Neuroreport, 33(17), 756–762. doi: 10.22059/JMLM.2021.325671.1586 

61. Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. 

D., Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., 

Grimshaw, J. M., Hróbjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, 

E., McDonald, S., ... Moher, D. (2021). The PRISMA 2020 statement: An updated 

guideline for reporting systematic reviews. BMJ, 372(n71). doi: 10.1136/bmj.n71 

62. World Anti-Doping Agency. (2021). World anti-doping code. https://www.wada-

ama.org/en/resources/world-anti-doping-code-and-international-standards/world-anti-

doping-code 

https://www.wada-ama.org/en/resources/world-anti-doping-code-and-international-standards/world-anti-doping-code
https://www.wada-ama.org/en/resources/world-anti-doping-code-and-international-standards/world-anti-doping-code
https://www.wada-ama.org/en/resources/world-anti-doping-code-and-international-standards/world-anti-doping-code

