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Effects of Multiple Sessions of Direct Current Brain Stimulation (tDCS) on Dysar-
thria Rehabilitation: A Scientific Review and Case Description

Abstract
Objective: To evaluate the effects of multiple sessions of transcranial direct current stimulation (tDCS) combined with speech 
ther-apy on dysarthria rehabilitation in a patient with acquired brain injury. 

Introduction: Transcranial direct current stimulation (tDCS) is a non-invasive brain stimulation technique capable of 
modulating cortical excitability and influencing cognitive functioning. One major limitation of this method is the transient 
nature of its neuro-modulatory effects, which aim to promote neuroplasticity mechanisms. Emerging evidence suggests that 
repeated sessions are necessary to achieve sustained therapeutic outcomes.

Materials and Methods: We present the case of a 57-year-old male patient with tetraparesis and dysarthria resulting from 
organo-phosphate poisoning, who underwent a neuromodulation protocol consisting of multiple cycles of tDCS combined with 
speech therapy. Severity of dysarthria was assessed using the Italian version of the Bogenhausen Dysarthria Scales (BoDyS) 
at baseline and following each treatment cycle (T0–T4) [1].

Results: The patient tolerated the tDCS sessions well, with no reported adverse events. At baseline, speech intelligibility 
was severely compromised. Over a four-month treatment period, progressive improvements in phonation and articulation 
were documented. Quantitative evaluation showed BoDyS scores above 27 in all domains except prosody, which remained 
moderately impaired.

Conclusion: This case suggests that when integrated with multidisciplinary rehabilitation, tDCS may support functional 
recovery in dysarthria. These findings encourage further validation through randomized controlled trials to establish efficacy 
and guide treat-ment protocols.
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1.  Introduction
Transcranial direct current stimulation (tDCS) is a non-invasive 
brain stimulation technique capable of modulating cortical excita-
bility and influencing cognitive functioning. One major limitation 
of this method is the transient nature of its neuromodulatory effects, 
which aim to promote neuroplasticity mechanisms. Emerging 
evidence suggests that repeated sessions are necessary to achieve 
sustained therapeutic outcomes [2]. tDCS is a portable, wearable 
brain stimulation technique that delivers low-intensity electrical 

currents to the scalp. Standard protocols typically consist of daily 
sessions lasting 20–30 minutes, five days a week, for two weeks, 
using currents ranging from 1 to 2 mA. Electrode-anodal (positive) 
and cathodal (negative) electrodes are positioned at targeted 
scalp locations, to influence specific cortical regions. While the 
current is insufficient to trigger action potentials, it can modulates 
neural activity by altering membrane potential, thereby affecting 
synaptic plasticity [3] and cortical excitability [4], both crucial 
for learning. When paired with behavioral training, tDCS may 
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augment neuroplasticity and amplify the effects of rehabilitation 
on neural circuits. It has been studied in various conditions, 
including depression, schizophrenia, aphasia, epilepsy, addiction, 
chronic pain, and both cognitive and motor rehabilitation. Whitin 
the European Union, tDCS is approved for the treatment of pain 
and depression. Recent literature suggests that higher session 
frequency, prolonged session duration (up to three hours), and 
shorter inter-session intervals may enhance recovery through 
long-term potentiation (LTP) mechanisms [5–7]. In disorders of 
consciousness (DOC), multi-target and multi-session tDCS has 
been found to improve connectivity between affected and preserved 
cortical networks [8]. tDCS has also been investigated for its role 
in promoting neuroplasticity and rehabilitation in motor speech 
disorders such as dysarthria [4,9]. The presence of dysarthria 
has a marked effect on both communication ability and the life 
situation  of patients with neurologically induced pathologies. 
Traditional speech therapy is mainstay of treatment;  however, 
results are often unsatisfactory, especially in chronic cases. tDCS 
is often administered concurrently with individualized cognitive 
and speech therapy to potentially enhance outcomes [10,11]. Most 
consistent effects on language outcomes regard high frequency 
repetitive Trancranial Magnetic Stimulation (rTMS) applied to 
the lesioned hemisphere. Similarly, therapeutic benefits have 
also been reported following tDCS, although the findings are 
less consistent than is the case with rTMS. Improved articulatory 
function and speech intelligibility has been observed with 
excitatory rTMS in Parkinson's disease. The combined use of brain 
stimulation techniques and conventional therapies may represent 
an innovative future direction for treating acquired communication 
disorders [12]. The effectiveness of tDCS in enhancing cerebral 
blood flow, neuroplasticity, motor rehabilitation and treatment 
of dysarthria and other speech and language disorders has been 
been corroborated by neuroimaging [11]. As regard stimulation 
parameters and protocols and about electrode placement, Most 
studies targeting speech, use the left primary motor cortex or 
Broca’s area with the cathode over the contralateral supraorbital 
region. Common protocols apply 1–2 mA for 15–30 minutes per 
session over 5–10 sessions.  There is also some more (but not only 
anecdotal) evidence for  the combination of tDCS and speech 
therapy in post-stroke dysarthria, from randomized controlled trials 
(RCTs). For instance, a double-blind trial  with twelve patients 
following acute middle cerebral artery infarction demonstrated 
that anodal tDCS (2 mA, 30 min, 5 times/week for 2 weeks), when 
combined with speech therapy, significantly improved phonation 
time and speech motor rates compared to sham stimulation 
[13]. Additionally, a randomised pilot study showed that anodal 
tDCS  targeting the left inferior primary motor cortex (2 mA, 15 
minutes, 10 sessions) improved speech intelligibility and kinematic 
parameters of speech production in chronic post-stroke dysarthric 
patients, compared to sham stimulation, suggesting enhanced 
speech motor control [11].  Improvements have been noted across 
speech subsystems, including phonation, articulation, and velar 
movement, with some studies reporting better speech intelligibility 

and functional communication [13,14]. Despite promising results, 
few studies have specifically examined efficacy in dysarthria 
rehabilitation, and results remain inconsistent. Here, we describe 
a case of dysarthria treated with multiple tDCS sessions combined 
with speech therapy, aiming to report preliminary outcomes and 
contribute to the existing evidence base.

2. Materials and Methods 
A 57-year-old male with tetraparesis and dysarthria secondary to 
organophosphate poisoning was admitted for intensive neuromotor 
rehabilitation on May 21, 2025, fifteen days after the acute event. He 
had previously been hospitalized in the intensive care and internal 
medicine units, where he gradually regained consciousness, 
basic motor responses, and limited vocalizations. At admission, 
the patient was alert and cooperative, with persistent severe 
dysarthria. A speech-language pathology assessment revealed 
marked deficits in articulation, prosody, and speech intelligibility, 
despite preserved respiratory and facial motor control. Previous 
spontaneous recovery had plateaued in the preceding week, with 
no significant improvements in speech production prior to transfer. 
After informed consent, the patient underwent a neuromodulation 
protocol combining anodal tDCS and speech therapy. The 
stimulation was delivered at 2 mA over the left primary motor 
cortex (M1, site C3) for 30 minutes per session, five times a 
week. Electrodes (25 cm²) were placed with the cathode over 
the contralateral supraorbital area. Two consecutive two-week 
cycles of tDCS were administered during inpatient rehabilitation, 
interspersed with two-week breaks during which speech therapy 
continued. Two additional outpatient cycles (each consisting of 10 
sessions) were performed over the following months, following 
the same parameters. Dysarthria severity was assessed using the 
Italian version of the BoDyS scale at baseline (T0) and after each 
treatment cycle (T1-T4). A follow-up assessment was conducted 
one month post-treatment.

3. Results
The patient completed all tDCS sessions without adverse effects. 
At baseline (T0), speech was barely intelligible, with marked 
pneumophonoarticulatory incoordination, low vocal pitch, 
hypoarticulation, slow vocal rhythm, and poor prosodic modulation. 
Severely impaired domains (score <16) included prosody, rhythm, 
and articulation. Subsequent evaluations showed progressive 
improvements in tone, rhythm, intensity, and vocal quality, with 
BoDyS scores increasing to 24–30. By the end of the treatment, a 
notable reduction  also in symptom frequency was observed, with 
BoDyS scores exceeding 27 across all domains except prosody, 
which, while improved, remained moderately impaired (score 25). 
Assessment with the BoDyS scale at one month following the final 
tDCS cycle demonstrated sustained therapeutic gains. See Table 1 
[Table 1. Progression of Vocal Parameter Scores] for quantitative 
evaluations of vocal parameters at four different timepoints (T1–
T4) and at one-month follow-up. 
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Parameter T1 T2 T3 T4 Follow-Up
 (1 Month)
Breathing 20 24 27 30 30
Pitch and Vocal Intensity 24 24 27 30 31
Vocal Quality 20 26 27 32 32
Vocal Stability 20 27 27 30 30
Articulation 10 29 30 30 30
Nasality 26 30 30 31 30
Articulatory rate 10 27 27 30 30
Fluency 20 35 37 37 35
Prosodic Modulation 10 15 25 25 25

Table 1: Progression of vocal parameter scores across four evaluation timepoints (T1–T4) and at one-month follow-up. Each 
line represents the performance trend in specific domains such as breathing, pitch and intensity, vocal quality, and prosodic 
modulation

Scores are expressed on the BoDys clinical scale. See Figure 1 
(Figure 1). Trends in vocal function parameters across timepoints] 
for a graphic representation of trends in vocal function parameters 
across five timepoints (T1 to 1-month follow-up).

The graph displays scores for nine vocal domains: breathing, pitch 

and vocal intensity, voice quality, vocal stability, articulation, 
nasality, articulatory rate, fluency, and prosodic modulation. Each 
colored line represents a different evaluation timepoint: T1 (after 
the first tDCS cycle), T2, T3, T4, and 1-month follow-up. Higher 
scores indicate better performance.

Figure 1: Trends in vocal function parameters across five timepoints (T1 to 1-month follow-up). The graph displays scores for nine 
vocal domains: breathing, pitch and vocal intensity, voice quality, vocal stability, articulation, nasality, articulatory rate, fluency, and 
prosodic modulation. Each colored line represents a different evaluation timepoint and 1-month follow-up. Higher scores indicate better 
performance.
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The graph displays scores for nine vocal domains: breathing, pitch 
and vocal intensity, voice quality, vocal stability, articulation, 
nasality, articulatory rate, fluency, and prosodic modulation. Each 
colored line represents a different evaluation timepoint: T1 (after 
the first tDCS cycle), T2, T3, T4, and 1-month follow-up. Higher 
scores indicate better performance.

4. Discussion
This case demonstrates that anodal tDCS over M1 may augment 
the effects of conventional speech therapy in dysarthria. As a motor 
speech disorder commonly resulting from stroke or traumatic brain 
injury, dysarthria affects articulation, phonation, and prosody, 
severely impacting communication and quality of life. Although 
traditional speech therapy remains the standard of care, outcomes 
are often limited, particularly in chronic cases. tDCS is gaining 
attention for its potential to enhance neuroplasticity and motor 
recovery, including speech function [9]. Several RCTs have shown 
positive outcomes when combining tDCS with speech therapy in 
post-stroke dysarthria. For example, a trial involving 12 patients 
with acute middle cerebral artery infarction found that anodal 
tDCS (2 mA, 30 min, 5 sessions/week for 2 weeks), significantly 
improved phonation time, alternative and sequential motion rates 
compared to sham [13]. A randomized pilot study involving nine 
chronic post-stroke dysarthric patients also demonstrated improved 
speech intelligibility and motor control after ten sessions of anodal 
tDCS targeting the left primary motor cortex. These findings 
suggest tDCS can improve dysarthria outcomes also in a chronic 
phase of disease [11]. In traumatic brain injury (TBI), case reports 
indicate that tDCS paired with targeted speech therapy programs, 
like “Be Clear,” can improve speech intelligibility and reduce 
symptoms like palilalia, with effects persisting for months [15]. 
Despite these encouraging results, existing studies vary widely in 
protocol, participant characteristics, and outcome measures. Many 
suffer from small sample sizes and methodological limitations, 
including potential bias and confounding factors. Some observed 
benefits may reflect spontaneous recovery rather than treatment 
effects. Meta-analyses have found no significant differences 
between active and sham stimulation in some dysarthria measures, 
due to these limitations [9]. We present this case to highlight a 
favorable clinical outcome in a domain where high-quality 
evidence is lacking. Although causality cannot be established 
from a single case, the observed speech improvements followed 
a temporally coherent pattern after the application of tDCS, 
in a patient who had already reached a clinical plateau. The 
patient’s spontaneous recovery was limited in the week preceding 
rehabilitation admission, with persistent severe dysarthria despite 
intact consciousness and cooperation. The improvements recorded 
across phonation, articulation, and intelligibility coincided with the 
neuromodulation phases, and were sustained at follow-up. These 
factors strengthen the plausibility of a treatment effect, particularly 
considering the subacute-to-early chronic stage of intervention, 
and the use of a standardized, targeted protocol. Additionally, 
we aim to stress the potential of using prolonged stimulation 
protocols to maintain therapeutic gains. To our knowledge, 
there are no studies exploring positive effects of prolonged and 

multi-cycle tDCS stimulation protocols in dysarthria treatment.  
Although rapid improvement were observed, prosody remained 
partially impaired. We hypothesize that this could be due to the 
right hemisphere’s role in prosodic control, which was not targeted 
in this protocol. The lack of improvement in prosodic features 
suggests domain-specific limitations, possibly reflecting the need 
for more comprehensive stimulation strategies, including targeting 
of right-hemisphere regions. Literature supports the link between 
right hemisphere damage and aprosodia, affecting both expressive 
and receptive prosody [16, 17]. A multi-target stimulation approach 
including right hemisphere regions would likely have provided 
additional benefits.  

5. Conclusion
When integrated into multidisciplinary rehabilitation, 
neuromodulation techniques like tDCS may support and enhance 
speech recovery by promoting synaptic plasticity. Although 
preliminary findings are encouraging, further high-quality studies 
particularly randomized controlled trials with standardized protocols 
and larger cohorts are necessary to validate and optimize tDCS in 
dysarthria rehabilitation. 
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