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Background: Post-stroke aphasia (PSA) is one of the most devastating symptoms 
after stroke, yet limited treatment options are available. Prolonged intermittent 
theta burst stimulation (piTBS) is a promising therapy for PSA. However, its 
efficacy remains unclear. Therefore, we aim to investigate the efficacy of piTBS 
over the left supplementary motor area (SMA) in improving language function 
for PSA patients and further explore the mechanism of language recovery.

Methods: This is a randomized, double-blinded, sham-controlled trial. A total of 30 
PSA patients will be randomly allocated to receive either piTBS stimulation or sham 
stimulation for 15 sessions over a period of 3 weeks. The primary outcome is the 
Western Aphasia Battery Revised (WAB-R) changes after treatment. The secondary 
outcomes include The Stroke and Aphasia Quality of Life Scale (SAQOL-39 g), 
resting-state electroencephalogram (resting-state EEG), Event-related potentials 
(ERP), brain derived neurotrophic factor (BDNF). These outcome measures are 
assessed before treatment, after treatment, and at 4-weeks follow up. This study 
was registered in Chinese Clinical Trial Registry (No. ChiCTR23000203238).

Discussion: This study protocol is promising for improving language in PSA 
patients. Resting-state EEG, ERP, and blood examination can be used to explore 
the neural mechanisms of PSA treatment with piTBS.

Clinical trial registration: https://www.chictr.org.cn/index.html, ChiCTR 
2300074533.
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1 Introduction

Stroke is the second leading cause of death and a major cause 
of disability worldwide (1). Aphasia is a functional impairment after 
a stroke that affects almost one-third of stroke survivors for acute 
and rehabilitation settings (2). Post-stroke aphasia (PSA) has a 
significant effect on patients including social interactions, 
depression, and lower quality of life (3–6). PSA treatment strategies 
include behavioral intervention, pharmaceutical interventions, 
noninvasive brain stimulation (7). Conventional speech and 
language therapy (SLT) is the mainstay of treatment, but the efficacy 
of SLT is not as good as it should be  (8–10). And there is no 
consistent evidence that any medication has substantial effect on 
aphasia recovery (11). Non-invasive brain stimulation therapy has 
attracted increasing attention as a complementary treatment for 
PSA (12).

By generating induced electrical currents through the magnetic 
field that passes through the skull, transcranial magnetic stimulation 
(TMS) affects the excitability of the cerebral cortex (13). Intermittent 
theta burst stimulation (iTBS), a specific modality of TMS, offers the 
advantage of rapid administration and can be well-tolerated, making 
it a feasible intervention for stroke recovery (14–16). And it has shown 
to be  promising in modulating cortical excitability and inducing 
neuroplastic changes in specific brain regions involved in language 
processing (17). Previous studies have consistently shown that iTBS is 
a valuable treatment modality for enhancing language function and 
inducing cortical plasticity in human brain networks over the short- 
and intermediate-term (15, 18). However, it is important to note that 
the degree of improvement in language scores has been relatively 
modest, and certain clinical trials have reported improvement limited 
to specific aspects, such as comprehension (19). Therefore, there is an 
urgent need to improve the overall therapeutic efficacy of iTBS in 
PSA. Possible reasons affecting treatment efficacy include dose and 
target of stimulation.

Most iTBS studies have used 600 pulses (18, 20), but study showed 
that increasing iTBS stimulation dose resulted in dose-dependent 
effects at the local level (cortical excitability) (21). The effect of three 
consecutive 600 pulses iTBS, named prolonged iTBS (piTBS), on 
cortical excitability was the most significant (21). Therefore, piTBS has 
also attracted much attention in recent years. For example, a study 
comparing different doses and modes of theta burst stimulation for 
refractory depression founded that piTBS were effective in improving 
depressive symptoms (22). Significant improvements were also seen 
in veterans with mild alcohol use disorder (23).

Another important factor affecting efficacy is the stimulation 
target. Classical language centers include Broca’s and Wernicke’s areas 
and their homologs in the right hemisphere continue to dominate the 
selection of target locations for TMS treatment of aphasia (18, 19, 24). 
Therapeutic efficacy based on these target targets remains limited. 
The supplementary motor area (SMA) has been neglected in speech 
and language processing, but recent research has shown that it has a 
superior control function during speech communication and 
language reception (25, 26). And it is particularly important when 
task demands increase, including a functional division of labor 
between different subregions in speech motor and cognitive 
processing (27). It has also been shown that PSA patients have 
reduced spontaneous brain activity in the left SMA (28). Transcranial 
alternating current stimulation on SMA targets significantly improves 

language comprehension (29). To date, there are no studies related to 
piTBS treatment based on SMA target.

Furthermore, the mechanism of piTBS to promote language 
recovery is not clear. Electroencephalogram (EEG) can be used to 
obtain temporal information on speech production, thus revealing the 
internal processing of language and compensating for the limitations 
of behavioral testing (30). The N400 is an electrophysiological 
indicator related to semantic processing. Compared to healthy 
controls and individuals with other types of brain damage, PSA 
patients typically exhibit diminished or absent amplitudes, prolonged 
latency, and irregular scalp distribution (31, 32). In a picture-text 
matching task, they reported an abnormal shift of the centro-parietal 
N400 waveform from the right hemisphere to the more lateral left 
hemisphere after treatment (33). The mismatch negativity (MMN), as 
an electrophysiologic index related to attentional and perceptual 
processing, has also been widely used in the assessment of 
PSA. Researchers founded an increase in MMN amplitude after 
treatment, which could confirm changes in neuroplasticity at the 
structural and lexical level, correlating with improvements in clinical 
symptoms in PSA patients (34). Abnormalities in the above two 
components are suggestive of their difficulties in processing and 
comprehending semantic information. Further studies will help to 
explore the electrophysiologic characteristics in PSA.

As a neuronal modulator, brain-derived nerve growth factor 
(BDNF) has been shown to be an important upstream regulator of 
hippocampal and neocortical long-term potentiation (LTP) during 
motor learning (35). BDNF can also be modulated by therapeutic 
interventions, with BDNF levels almost tripling in subjects 
receiving TMS compared to healthy subjects receiving sham 
stimulation (36). In addition, BDNF is increased in depressed 
patients who receive multiple TMS treatments (37). Therefore, 
we hypothesized that similar manifestations would be seen in PSA 
and that piTBS might alter the level of BDNF, which plays an 
important role in aphasia recovery.

In conclusion, this study aims to investigate the efficacy of piTBS 
targeting the left SMA in PSA patients, and to explore the underlying 
mechanisms facilitating language recovery. Through this study, 
we hope to provide new treatment strategies for clinical practice.

2 Methods

2.1 Study design

This is a randomized, double-blinded, sham-controlled trial. The 
study will adhere to the ethical principles outlined in the Declaration 
of Helsinki and will follow the Consolidated Standards of Reporting 
Trials (CONSORT) guidelines (38), as well as the Recommendations 
for Interventional Trials (SPIRIT) (39). All patients who meet the 
inclusion and exclusion criteria will be randomly assigned in a 1:1 
ratio to the following piTBS group and sham group after obtaining 
written informed consent. All patients will undergo corresponding 
assessments before treatment (T0), after treatment (T1), as well as 
during the 4-weeks follow up (T2). Please refer to Figure 1 and Table 1 
for the specific study process. This study has been approved by the 
Medical Ethics Committee of the China Rehabilitation Research 
Center (No.2023-027-2) and registered in the Chinese Clinical Trial 
Registry (No. ChiCTR2300074533).
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2.2 Participants

2.2.1 Inclusion criteria
 • The patients were diagnosed with ischemic or hemorrhagic 

stroke with the lesion located in the left hemisphere, with a 
disease duration ranging from 1 to 12 months;

 • The patients will undergo assessment for aphasia using the 
Western Aphasia Battery Revised (WAB-R), and the WAB-R 
aphasia quotient will be less than 93.8 points;

 • Patients aged 18–75 years;
 • Right hand;
 • Normal language function before the onset of the disease;
 • The native language is Chinese, primary school education or 

above (with more than 6 years of education).

2.2.2 Exclusion criteria
 • Aphasia caused by brain tumor, traumatic brain injury or 

other diseases;
 • Contraindications to TMS treatment such as pacemakers, 

cochlear implants, or other metallic foreign bodies and any 
electronic devices implanted in the body;

 • Combined history of epilepsy;
 • Patients with severe cardiac, pulmonary, hepatic, renal, and other 

systemic diseases that cannot be  controlled by conventional 
medication, as detected by laboratory examinations;

 • Presence of a history of comorbid alcohol, drug, and other abuse;
 • Patients who do not meet the inclusion criteria due to the 

presence of other examination abnormalities;
 • Women of childbearing age who are pregnant or planning to 

become pregnant;
 • Patients who have previously undergone TMS or transcranial 

electrical stimulation (TES) within 3 months before enrollment;
 • Patients who are participating in other clinical research trials.

2.2.3 Withdrawal criteria
 • Severe adverse reactions or complications, such as persistent 

headaches, seizures, or other discomfort related to TMS;
 • Protocol violations: Patients unable to comply with the study 

protocol, such as refuse to undergo assessments or interruption 
of treatment for more than 3 consecutive days;

 • Development of new health issues or worsening of existing 
conditions deemed inappropriate for continued participation in 
the trial;

 • Use of other TMS or TES treatments;
 • Withdrawal from the trial without any specific reason.

2.2.4 Sample size
Based on the preliminary experimental results, the effect size [f(V)] 

for the piTBS group compared to the sham group in the primary 
outcomes is 0.25. With a significance level (α) of 0.05 and a power (1-β) 

FIGURE 1

Flow chart of study procedure. EEG, electroencephalogram; T0, before treatment; T1, after treatment; T2, at 4-weeks follow up; a, Western Aphasia 
Battery Revised; b, The Stroke and Aphasia Quality of Life Scale; c, The Edinburgh Handedness Inventory; d, The National Institutes of Health Stroke 
Scale.
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of 0.95, considering a two-group design involving before and after 
treatment, and during follow-up assessments conducted at three time 
points, the anticipated sample size calculated using G*Power 3.1.9.7 for 
the repeated measures ANOVA model was 28. Anticipating a dropout/
exclusion rate of around 10%, a total of 30 patients will need to 
be enrolled, with 15 patients allocated to each group.

2.3 Randomization and blinding

The randomized sequence of numbers generated by SPSS 
software will be  written in order and placed in opaque sealed 
envelopes. All eligible patients will be randomly assigned to one of 
the two treatment groups in the order of enrollment. Recruiters, 
study physicians, TMS operators, clinical staff, evaluators, data 
collectors and statistical analysts are blinded. These people will not 
know the group of patients.

2.4 Interventions

The patients will be  assigned under the 1:1 randomization 
formula, constituting two groups for the present study: 15 patients 
treated with piTBS +15 patients treated with sham stimulation. 
Furthermore, a designated speech rehabilitation therapist will assess 
the scale evaluations of all enrolled patients. A transcranial magnetic 
stimulator (Neurosoft, YD-MT500, Russia) with a figure-of-eight coil 
and a sham stimulation coil will be used. The coil position targeting 
the SMA is determined using the international 10–20 EEG system as 
a reference. The target stimulation site is set at 15% of the nasion-inion 
distance anterior to the Cz position, along the sagittal midline (40). 
The coil is positioned to form a 45°with the sagittal plane, in order to 
deliver stimulation to the left SMA.

2.4.1 Resting motor threshold
Patients will be  instructed to attain a state of relaxation while 

maintaining their eyes open (41). The RMT is defined as the ability to 
induce Motor Evoked Potentials (MEPs) of no less than 50 millivolts 

in at least five out of 10 consecutive stimulations, measured at the right 
primary motor cortex.

2.4.2 Protocol
 • piTBS group: the piTBS will be adopted based on the standard 

iTBS protocol (a 2 s train of TBS repeated every 10 s at an 
intensity of 80% RMT and a total of 600 pulses) by increasing the 
number of pulses to 1,800. This will spend 9 min 42 s 
every session.

 • Sham group: the sham group will receive treatment with the same 
target coordinates, parameters, dosage, but as sham coils.

2.4.3 Routine medical care
All patients will receive standard medication and rehabilitation 

therapy. Additionally, they will undergo speech and language therapy 
(SLT) for 1 h daily following treatment, five times a week, for 3 weeks. 
The training program is based on the Schuell’s stimulation approach, 
focusing primarily on language comprehension and expression.

2.5 Outcomes

2.5.1 Behavioral assessments

2.5.1.1 Western Aphasia Battery Revised
The Western aphasia battery revised (WAB-R) is a standardized 

tool used to assess post-stroke aphasia. The aphasia quotient (AQ) is 
derived by adding the standardized scores from the WAB-R subtests 
of spontaneous speech, auditory comprehension, repetition, and 
naming. The AQ provides a composite index of language and 
communication skills, which less than 93.8 indicate aphasia (42).

2.5.1.2 The Stroke and Aphasia Quality of Life Scale
The Stroke and Aphasia Quality of Life Scale (SAQOL-39 g) is a 

self-report questionnaire specifically developed to evaluate the health-
related quality of life in PSA patients (43, 44). The SAQOL-39 g 
consists of 3 dimensions: physical, communicative, and psychosocial. 

TABLE 1 Study process schedule.

Pre-enrollment T0 Intervention T1 T2

−7  days Day 0 ±3  days ±3  days

Screening √

Informed consent √

Random allocation √

Demographic information √

EHI √

NIHSS √

SAQOL-39 g √ √ √

WAB-R √ √ √

Resting-state EEG √ √

ERP √ √

Blood √ √

Adverse event √ √

T0, before treatment; T1, after treatment; T2, at 4-weeks follow up.
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The physical dimension consists of 16 items, the communicative 
dimension consists of 7 items, and the psychosocial dimension 
consists of 16 items, for a total of 39 items. All items are rated on a 
5-point scale, with higher scores indicating better quality of life. The 
SAQOL-39 g provides a brief, reliable measure of health-related 
quality of life that covers the sequelae of stroke.

2.5.1.3 The Edinburgh Handedness Inventory
The EHI is a straightforward survey utilized for evaluating hand 

preference and lateralization of hand proficiency. The EHI accurately 
distinguishes between left, right, and mixed hand preference (45). The 
questionnaire comprises 10 items that inquire about the dominant 
hand for common unimanual activities, including writing, throwing, 
and using scissors. Scores are determined by operational indicators, 
where a score of less than −40 designates left-handedness, a score 
between −40 and 40 indicates mixed-handedness, and a score 
exceeding 40 denotes right-handedness.

2.5.1.4 The National Institutes of Health Stroke Scale
The National Institutes of Health Stroke Scale (NIHSS) is a 

standardized tool used to quantify stroke severity (46). It evaluates 
impairment in 11 domains including consciousness, eye movements, 
visual fields, facial palsy, limb strength, sensation, coordination, 
language, speech, and neglect. The total NIHSS score sums all domain 
scores and ranges from 0 to 42, with higher totals signifying greater 
stroke impact.

2.5.1.5 Tolerability and safety
This study will use a 16-item symptom questionnaire to rate the 

subjective symptom [headache, scalp pain, arm/hand pain, other 
pain(s), numbness/tingling, other sensation(s), weakness, loss of 
dexterity, vision/hearing change(s), ear ringing, nausea/vomiting, 
appetite loss, rash, skin change(s) or any other symptom(s)] on a scale 
of 0 to 5 (none, minimal, mild, moderate, marked, severe) prior to any 
TMS application (47). Assessments will be made at the end of each 
treatment session to detect the presence of any adverse events.

2.5.2 Neurophysiological examinations
Patients will be seated in a comfortable chair approximately 60 cm 

from a computer monitor in an electrically shielded room. EEG signal 
will be record by the NeuroScan EEG acquisition system (64-channel 
EEG cap, EEG amplifiers, signal converters, and CURRY 8.0 software). 
Stimulation presentation will be  programmed in E-Prime 3.0 
(Psychology Software Tools Inc., Pittsburgh, PA). The electrodes will 
be positioned in accordance with the international standard EEG 
10–20 system, and the resistance ≤ 10 kΩ. Patients will be instructed 
to remain still, silent, and refrain from extraneous movements during 
the recording session.

2.5.2.1 Resting-state EEG
Patients will be  directed to remain motionless, fixate their 

attention on the “+” symbol located in the screen’s center, stay alert 
and avoid sleepiness throughout the recording. A 10-min continuous 
EEG signal will be recorded.

2.5.2.2 Event-related potentials
N400: The visual stimulation used for this study comprise 

semantically related pairs of pictures and words. The pictures are 

obtained from an international picture database and consisted of 120 
common object images (48). Each image is sized at 300 × 300 pixels 
and present in Microsoft YaHei font with a font size of 24. The pictures 
are displayed for a duration of 1 s. Subsequently, the target word 
appears at the same position as the previous picture and remain on the 
screen for 3 s (49). Patients are instructed to judge as quickly and 
accurately as possible whether the target word is consistent or 
inconsistent with the preceding picture by pressing the left mouse 
button for consistent and the right mouse button for inconsistent. The 
longer presentation duration of the target word was to provide 
sufficient time for patients to make judgments and responses. Patients’ 
choices and reaction times were recorded by E-Prime software. MMN: 
The auditory stimulation is presented binaurally through insert 
earphones at an intensity of 70 dB sound pressure level. The 
stimulation consisted of 1,000 and 1,500 Hz pure tones occurring at 
frequencies of 90% and 10%, respectively. Each tone is presented for 
50 ms. In total, 500 stimulations are delivered in each experimental 
block, comprising approximately 5 min and 45 s. The frequent 
1,000 Hz tones is served as standard stimulation, while the infrequent 
1,500  Hz tones are deviant stimulation in this auditory oddball 
paradigm (50).

2.5.3 Neurochemical assessment
To investigate serum biomarkers related to synaptic plasticity and 

neuronal excitability, 5 mL blood samples will be  collected from 
patients before and after treatment. Then those blood promptly 
centrifuged at 3,000 r/min for a duration of 10 min to facilitating 
serum separation. The resultant serum is aliquoted and preserved at 
−80°C for further analyses.

2.6 Data analysis

All data will be  analyzed by professional statisticians using 
SPSS software (Version 25.0; IBM, Armonk, NY, United States). 
Baseline characteristics will be described using means ± standard 
deviations for continuous variables and frequencies for categorical 
variables. Prior to applying independent sample t-tests or Mann–
Whitney U tests for continuous variables, a normality test will 
be conducted using either the Kolmogorov–Smirnov or Shapiro–
Wilk test. Categorical variables will be compared using chi-square 
tests or Fisher’s exact tests. The primary outcome is the change in 
WAB-R scores before and after treatment. The secondary outcomes 
include changes in blood markers, EEG, and ERP indices before 
and after treatment. These measures will be analyzed using a Linear 
Mixed Effects Model (LMM), where group acts as a fixed effect, 
time points as a repeated measure, and patients as random effects 
within the LMM framework. If significant interaction effects 
between groups and time points are revealed by the LMM, post-hoc 
comparisons will be conducted to identify the time points at which 
differences occur, using methods like Bonferroni-corrected 
pairwise comparisons.

The acquired EEG signals will be analyzed using MATLAB2021b. 
The EEGLAB toolbox (version 2023.0) will be used for EEG data 
preprocessing (51). MMN and N400 components in the ERP data will 
be  extracted through time-window analysis and peak detection 
techniques. EEG data analysis will focus on power spectral analysis to 
assess changes in key EEG frequency bands, such as alpha and beta 
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bands (52). These data will be analyzed within the LMM framework 
to examine the patterns of change before and after treatment and their 
correlation with clinical improvement. If the LMM reveals significant 
interaction effects between groups and time points, appropriate 
post-hoc comparisons, such as Bonferroni-corrected pairwise 
comparisons, will be conducted to identify the specific time points at 
which differences occur.

3 Discussion

We aim to investigate that piTBS can effectively facilitate language 
recovery. Compared with repetitive TMS, we choose iTBS because of 
its higher spatiotemporal resolution and stronger focusing of activated 
neural circuits (53, 54), making it more suitable as an intervention for 
aphasia rehabilitation. PiTBS significantly increases the wave 
amplitude of MEP and promotes cortical excitability (21). In major 
depressive disorder, piTBS has been shown to effectively improve 
depressive symptoms compared to sham stimulation (22, 55). This 
approach has also demonstrated promising therapeutic effects in mild 
alcohol use disorder (23, 56). Additionally, a previous study on 
treating aphasia with iTBS in the ipsilateral cerebral hemisphere 
indicated effectiveness in enhancing language functioning (15). 
However, the efficacy of piTBS in treating Post-Stroke Aphasia (PSA) 
is not yet established. Our study is designed to address this gap by 
investigating the potential of piTBS in PSA patients.

The SMA, located in the medial region of Brodmann area 6, is an 
integral part of the expanded language network (57). The Frontal 
Aslant Tract (FAT), which plays a crucial role in speech and language 
processing, links the SMA with the Broca’s region, underscoring the 
anatomical and functional connectivity important for these processes 
(58, 59). Hemorrhage in the left supplementary motor area (SMA) 
may lead to various speech production and articulation issues in 
patients. This particularly affects the initiation of sequential 
articulations and the generation of spoken language output (60). 
Furthermore, findings from task-based functional magnetic resonance 
imaging studies suggest that the functionality of the SMA plays a 
beneficial role in language recovery after stroke (25). This is indicated 
by the differentiation in activation patterns related to language 
production and those associated with cognitive processing (25). 
Recent studies have demonstrated the efficacy of transcranial electrical 
stimulation targeting the SMA in enhancing speech comprehension 
among chronic PSA patients (29). However, the focus of TMS 
treatments has predominantly been on the inferior frontal gyrus, with 
limited exploration of the SMA as a potential target (61). This study 
aims to broaden treatment options for PSA by investigating the SMA’s 
role as a potential target.

TMS is a non-invasive brain stimulation technique that applies 
pulsed magnetic fields to the brain. This process results in either the 
excitation or inhibition of neurons, consequently influencing brain 
metabolism and neural electrical activity. EEG, another non-invasive 
method, is utilized to record the brain’s electrical activity. In PSA 
patients, monitoring power in the theta, alpha, and beta frequency 
bands via EEG can serve as both a repeated and a sensitive measure 
to assess function and detect changes in patients with chronic aphasia 
(62). Both N400 and MMN are components closely related to 
language processing, and the abnormalities in two components 
suggest difficulties in processing and understanding semantic 

information as well as reduced sensitivity and adaptability to rule 
violations in language (50, 63). Reduction of the N400 is associated 
with language improvement (31). In another longitudinal study 
utilizing the MMN paradigm, it’s found that the laterality index of 
MMN amplitudes at approximately 2 weeks post left-hemisphere 
stroke serve as more sensitive predictors of language outcome, among 
which the laterality index over the perisylvian area exhibits the best 
predictive value (50). However, there is a limited amount of research 
investigating the changes in MMN and N400 in response to TMS 
before and after treatment. Therefore, we anticipate that the changes 
in ERP will help to explain the findings and whether these results are 
consistent with neuroplasticity mechanisms. BDNF plays a key role 
in activity-dependent modifications of neuronal connectivity and 
synaptic strength in neuroplasticity studies (64). The magnetic-
electric responses induced by TMS may affect BDNF levels in both 
serum and cerebrospinal fluid. It has been observed that iTBS 
treatment can reverse the decline in mature BDNF-related protein 
levels (65). Moreover, long-term iTBS has been found to promote 
neural structural and functional recovery by enhancing neurogenesis 
and migration through the miR-551b-5p/BDNF/TrkB pathway in 
cerebral ischemia–reperfusion injury models (66). Additionally, iTBS 
has been reported to induce LTP (67). In Alzheimer’s patients, 
improvement in patients’ cognitive function after application of TMS 
is associated with elevated peripheral BDNF levels (68). 
Low-frequency TMS therapy can improve the language function of 
patients with non-fluent aphasia after stroke more effectively and it 
also promote the expression of BDNF more effectively, thereby 
improving nerve repair and protecting brain tissue (69). Therefore, 
our study aims to explore the levels of BDNF before and after piTBS 
treatment. By conducting a thorough investigation into the effects of 
piTBS treatment on BDNF, we hope to further understand the impact 
of this therapy on neuroplasticity and treatment outcomes. This study 
can contribute to expanding our understanding of piTBS as a 
therapeutic method and provide more accurate guidance and 
improvement strategies for clinical application.

In conclusion, the primary objective of this study protocol is to 
investigate the effectiveness of piTBS in treating PSA patients. 
Furthermore, this protocol aims to explore the changes in 
electrophysiological characteristics and BDNF levels following piTBS 
intervention. These investigations are expected to provide a robust 
theoretical foundation for the clinical application of piTBS in the 
treatment of PSA.
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