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Abstract 

 Transcranial Direct Current Stimulation (tDCS) is a non-invasive brain stimulation technique that 
modulates cortical excitability and enhances neuroplasticity through low-intensity electrical currents 
applied via scalp electrodes. This review examines the mechanisms, efficacy, and diverse applications of 
tDCS in areas such as cognitive enhancement, motor rehabilitation, and psychiatric treatment. A 
structured literature search was performed across major scientific databases to identify original 
research articles evaluating tDCS effects. The selected studies demonstrate the polarity-dependent 
modulation of brain activity, with anodal stimulation enhancing and cathodal stimulation reducing 
excitability. Findings suggest potential improvements in motor function post-stroke, enhancement of 
cognitive processes such as memory and multitasking, and alleviation of depressive symptoms in clinical 
populations. High-definition tDCS shows improved targeting of brain regions compared to conventional 
methods. Despite promising outcomes, challenges such as variability in individual responses, small 
sample sizes, and non-standardized protocols limit broader clinical adoption. Future research should 
focus on optimizing stimulation parameters and exploring long-term effects. Overall, tDCS holds 
considerable promise for therapeutic and enhancement purposes. 

Keywords: transcranial direct current stimulation, tDCS and motor rehabilitation, tDCS and cognitive 

enhancement, and tDCS in psychiatric disorders. 
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Introduction  

Transcranial Direct Current Stimulation (tDCS) is a non-invasive technique that uses low electrical currents to 

alter brain excitability. Originally developed for studying brain function, tDCS has expanded into clinical and 

therapeutic domains, including motor recovery, cognitive enhancement, and treatment of psychiatric 

disorders.1 tDCS operates by delivering a low, constant electrical current (typically 1–2 mA) to the brain 

through electrodes placed on the scalp, modifying neuronal excitability and enhancing or inhibiting neural 

activity depending on the polarity of the stimulation.2 

The technique involves administering a modest electrical current to a specific brain area through two 

electrodes, with the target electrode placed over the region of interest and the reference electrode placed 

elsewhere on the scalp.3  Anodal stimulation generally increases cortical excitability, while cathodal 

stimulation decreases it, with these effects believed to arise from changes in the resting membrane potential of 

neurons.2 tDCS has been shown to be safe, with no indication of long-term damage in various simulation 

scenarios (up to 40 min, 4 mA), although some individuals may experience minor side effects such as itching, 

tingling, and burning sensations near the electrode site.4 

Initially developed to investigate the functional organization of the brain, tDCS has expanded into therapeutic 

and enhancement domains, showing promise in motor rehabilitation, such as depression, anxiety, and chronic 

pain.5 A key advantage of tDCS is its non-invasiveness, cost-effectiveness, and relative safety compared to 

other neuromodulation techniques such as transcranial magnetic stimulation (TMS) or deep brain stimulation 

(DBS).The simplicity of its setup has made it a versatile tool for both laboratory and clinical applications.4 

The therapeutic potential of tDCS has been particularly notable in motor rehabilitation, where it has been used 

to enhance neuroplasticity and recovery in stroke patients.6 Similarly, its application in cognitive domains has 

shown significant promise in enhancing learning and memory.7Furthermore, the emergence of high-definition 

tDCS (HD-tDCS) has provided a more focal and targeted approach, potentially improving efficacy and 

reducing side effects.4 The use of tDCS in clinical settings has also been facilitated by its portability and ease 

of use, making it a valuable tool for researchers and clinicians. 

This review aims to synthesize findings from original studies on tDCS, focusing on its mechanisms, 

applications, and outcomes across various domains. By analyzing the methodologies, participant 

characteristics, and outcomes of key studies, this article seeks to provide an evidence-based understanding of 

tDCS, highlight its mechanisms, applications, and limitations, and identify gaps for future research. With the 

growing body of research on tDCS, it is essential to understand its potential benefits and limitations, as well 

as its potential applications in various fields. 

The future of tDCS research holds much promise, with ongoing studies investigating its potential applications 

in various fields, including motor rehabilitation, cognitive enhancement, and treatment of neuropsychiatric 

disorders. As the field continues to evolve, it is likely that tDCS will become an increasingly important tool in 

the treatment of a wide range of conditions. 

Methods 

A review of the literature was conducted using databases such as PubMed, Scopus, and Google Scholar. Search 

terms included “transcranial direct current stimulation,” “tDCS and motor rehabilitation,” “tDCS and cognitive 

enhancement,” and “tDCS in psychiatric disorders.” 

Inclusion criteria included: 

1. Peer-reviewed original research articles. 

2. Focus on tDCS in healthy individuals or clinical populations. 

3. Clear description of stimulation protocols and outcome measures. 
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Exclusion criteria included: 

1. Reviews, meta-analyses, or editorials. 

2. Non-English articles. 

3. From an initial pool of 300 articles, 14 studies meeting the criteria were selected for detailed analysis. 

Data were extracted on study design, sample size, participant characteristics, tDCS parameters, and 

results. 

 

Author and 

Year 

Design & 

Characteristics 

of Participants 

(Sample Size) 

Objective Materials & 

Methods 

Outcome 

Measures 

Results 

Nitsche et 

al.3, 2003  

20 healthy adults, 

double-blind 

crossover study. 

To investigate 

the effects of 

tDCS on motor 

cortex 

excitability. 

tDCS applied to 

motor cortex 

with 1 mA 

intensity for 10 

min. 

Motor-evoked 

potentials 

(MEPs). 

Anodal 

stimulation 

increased 

MEPs; cathodal 

decreased 

MEPs. 

Antal et al.8, 

2004 

12 healthy adults, 

double-blind 

study. 

To explore the 

impact of tDCS 

on visual cortex 

excitability and 

visual task 

performance. 

tDCS applied to 

visual cortex 

during a visual 

task. 

Visual evoked 

potentials 

(VEPs), task 

accuracy. 

Modulation of 

VEPs and task 

accuracy with 

anodal 

stimulation. 

Hummel et 

al.9, 2005 

12 stroke patients, 

crossover design. 

To evaluate the 

impact of tDCS 

on motor 

recovery in 

chronic stroke 

patients. 

tDCS applied to 

affected 

hemisphere 

during a motor 

task. 

Reaction time, 

motor 

performance. 

Improved 

motor function 

with anodal 

tDCS. 

Boggio et 

al.5, 2006 

17 patients with 

depression, 

randomized trial. 

To examine the 

efficacy of tDCS 

in reducing 

depression 

symptoms. 

Anodal tDCS 

applied to left 

DLPFC for 20 

min/day over 10 

days. 

Depression 

severity 

(HAM-D). 

Significant 

reduction in 

HAM-D scores 

after tDCS. 

Gandiga et 

al.10, 2006 

12 healthy adults, 

randomized study. 

To compare the 

effects of sham 

vs. real tDCS on 

motor cortex 

excitability. 

Comparison of 

sham vs. real 

tDCS over 

motor cortex. 

Tolerability, 

MEPs. 

tDCS was well-

tolerated; real 

tDCS altered 

MEPs. 

Kuo et al.11, 

2008 

20 healthy adults, 

crossover design. 

To investigate 

the effects of 

cathodal tDCS on 

prefrontal cortex 

activity and 

working 

memory. 

Cathodal tDCS 

applied to 

prefrontal 

cortex. 

Working 

memory 

performance. 

Reduced 

working 

memory 

performance 

with cathodal 

tDCS. 
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Reis et al.12, 

2009 

15 healthy adults, 

within-subject 

design. 

To evaluate the 

impact of tDCS 

on motor 

learning and skill 

acquisition. 

Anodal tDCS 

applied to motor 

cortex during 

motor learning 

tasks. 

Motor 

learning rate, 

retention. 

Enhanced 

learning and 

retention with 

anodal 

stimulation. 

Lindenberg 

et al.6, 2010 

20 stroke patients, 

randomized 

controlled trial. 

To examine the 

effects of 

bihemispheric 

tDCS on motor 

recovery in 

stroke patients. 

tDCS applied to 

ipsilesional M1 

combined with 

occupational 

therapy. 

Upper limb 

motor function 

(Fugl-Meyer 

Assessment). 

Enhanced 

motor recovery 

in the tDCS 

group. 

Ward et 

al.13, 2010 

25 stroke patients, 

randomized 

controlled trial. 

To assess the 

impact of anodal 

tDCS on arm 

function during 

rehabilitation. 

Anodal tDCS 

applied to motor 

cortex during 

rehabilitation. 

Arm function, 

motor scores. 

Significant 

improvement in 

arm function 

compared to 

sham. 

Brunoni et 

al.14, 2013 

120 patients with 

major depressive 

disorder (MDD), 

randomized trial. 

To compare the 

effects of tDCS 

and 

antidepressant 

therapy on 

depression. 

Anodal tDCS 

applied to left 

DLPFC for 15 

sessions. 

Depression 

severity 

(MADRS). 

Significant 

reduction in 

depression 

scores in tDCS 

group 

compared to 

sham. 

Bikson et 

al.4, 2013 

18 healthy adults, 

randomized trial. 

To evaluate the 

effects of HD-

tDCS compared 

to conventional 

tDCS. 

High-definition 

tDCS (HD-

tDCS) applied 

to motor cortex. 

Cortical 

excitability, 

MEPs. 

HD-tDCS 

produced more 

focal effects 

compared to 

conventional 

tDCS. 

Meinzer et 

al.15, 2012 

 

  

 

22 older adults, 

randomized 

controlled trial. 

To evaluate the 

effect of anodal 

tDCS on 

cognitive 

performance in 

aging individuals 

 

Anodal tDCS 

applied to left 

inferior frontal 

gyrus during 

language tasks 

Reaction time 

accuracy. 

Improved 

language task 

performance 

with anodal 

tDCS. 

Lopez-

Alonso et 

al.7, 2014 

16 healthy adults, 

crossover design. 

To investigate 

individual 

variability in 

response to tDCS 

during a motor 

task. 

tDCS applied to 

M1 during a 

motor task. 

Inter-

individual 

variability, 

MEPs. 

Large 

variability in 

response to 

tDCS across 

participants. 

Hsu et al.16, 

2015 

30 healthy adults, 

crossover design 

To assess the 

effect of tDCS on 

multitasking 

performance and 

neural activity. 

tDCS applied to 

DLPFC during 

cognitive tasks. 

Task 

performance, 

EEG changes. 

Improved task 

accuracy and 

increased theta 

activity with 

anodal tDCS. 
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Discussion 

The findings from the reviewed studies highlight the diverse applications and potential of transcranial direct 

current stimulation (tDCS) in modulating cortical excitability, enhancing motor and cognitive performance, 

and facilitating recovery in clinical populations. The studies consistently demonstrate that tDCS can modulate 

neural activity in a polarity-specific manner, with anodal stimulation generally enhancing cortical excitability 

and cathodal stimulation reducing it .3These effects are not only observed acutely but also have implications 

for long-term plasticity, as evidenced by improvements in motor learning and retention .12,13 

In motor rehabilitation, particularly for stroke patients, tDCS has shown promise in enhancing motor recovery 

when applied to the ipsilesional motor cortex or through bihemispheric stimulation . These improvements are 

attributed to the modulation of interhemispheric inhibition and the facilitation of neural plasticity, which are 

critical for recovery in stroke-affected brains.9 Importantly, the combination of tDCS with conventional 

therapies, such as occupational or physical therapy, appears to yield synergistic benefits, underscoring the 

value of integrating neuromodulation into rehabilitation protocols. 

In cognitive domains, the application of tDCS to regions such as the dorsolateral prefrontal cortex (DLPFC) 

has demonstrated improvements in working memory, attention, and language processing, particularly in aging 

populations or individuals with neuropsychiatric disorder.11,16 These effects are likely mediated by the 

enhancement of functional connectivity and the optimization of task-related neural networks . However, 

variability in individual responses to tDCS, as reported by Lopez, remains a significant challenge. Factors such 

as baseline cortical excitability, electrode montage, and individual neuroanatomy may influence the outcomes, 

highlighting the need for personalized stimulation protocols.7 

Emerging technologies, such as high-definition tDCS (HD-tDCS), have further refined the technique by 

allowing more focal stimulation, which may enhance efficacy while reducing unintended effects on 

surrounding regions . 4This development is particularly relevant for tasks requiring precise modulation of 

specific neural circuits. 

Despite these promising findings, several limitations and gaps warrant discussion. Many studies included small 

sample sizes, which may limit the generalizability of their results. Furthermore, while most studies have 

focused on acute effects, the long-term safety and efficacy of repeated tDCS sessions require further 

investigation. Standardization of protocols, including electrode placement, intensity, and duration of 

stimulation, is essential to ensure reproducibility and comparability across studies. 

Finally, ethical considerations related to the use of tDCS, particularly in healthy individuals for cognitive or 

performance enhancement, need to be addressed. The growing accessibility of tDCS devices raises concerns 

about their unsupervised use and the potential for misuse. 

Conclusion 

Transcranial direct current stimulation (tDCS) is a versatile and promising neuromodulation tool with 

applications across motor, cognitive, and clinical domains. The reviewed studies underscore its efficacy in 

modulating cortical excitability, enhancing neuroplasticity, and improving functional outcomes in both healthy 

individuals and clinical populations. In motor rehabilitation, tDCS has shown significant potential in aiding 

recovery post-stroke, while in cognitive applications, it has demonstrated benefits in memory, attention, and 

language tasks. 

The therapeutic potential of tDCS is further highlighted by its ability to induce long-term changes in brain 

function, making it a valuable tool for rehabilitation and treatment of various neurological and psychiatric 

conditions. However, challenges such as inter-individual variability, small sample sizes, and a lack of 

standardized protocols highlight the need for further research. Future studies should focus on elucidating the 

mechanisms underlying tDCS effects, optimizing stimulation parameters, and exploring its long-term efficacy 

and safety. 

Advances such as high-definition tDCS hold promise for more targeted and effective interventions, potentially 

broadening its clinical and therapeutic applications. Additionally, the integration of tDCS with other 

rehabilitation techniques, such as physical therapy and cognitive training, may yield synergistic benefits and 

http://www.ijcrt.org/


www.ijcrt.org                                                                     © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882 

IJCRT2507046 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a464 
 

enhance treatment outcomes. As the field continues to evolve, it is essential to address the challenges and 

limitations of tDCS, including the need for standardized protocols, larger sample sizes, and more rigorous 

study designs. 

Ultimately, the optimal integration of tDCS into clinical practice will require a multidisciplinary approach, 

involving collaboration between researchers, clinicians, and industry professionals. By addressing the 

challenges and limitations of tDCS, we can unlock its full potential and harness its therapeutic benefits to 

improve the lives of individuals with neurological and psychiatric conditions. With continued research and 

development, tDCS may become a valuable tool in the treatment and rehabilitation of a wide range of 

conditions, enhancing our ability to modulate brain function for therapeutic and enhancement purposes. 

Moreover, the potential applications of tDCS extend beyond clinical populations, with possible uses in 

cognitive enhancement and performance improvement in healthy individuals. However, this raises important 

ethical considerations, such as the potential for misuse and the need for responsible deployment. As tDCS 

continues to evolve, it is crucial to prioritize transparency, accountability, and rigorous scientific inquiry to 

ensure that its benefits are realized while minimizing potential risks. 

In conclusion, tDCS holds significant promise as a neuromodulation tool, with applications across motor, 

cognitive, and clinical domains. While challenges and limitations remain, continued research and development 

are likely to unlock its full potential, enabling the widespread adoption of tDCS as a valuable therapeutic and 

enhancement tool. By prioritizing rigorous scientific inquiry, standardized protocols, and responsible 

deployment, we can harness the benefits of tDCS to improve human health and cognition. 
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