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Efficacy of Repetitive Transcranial Magnetic 
Stimulation (Ipsilateral Cortex) along with 
Physiotherapy to Contralateral Side on Tone 
and Function of Subacute Stroke Survivors: 
Protocol for a Randomised Controlled Trial

INTRODUCTION
When a portion of the blood flow is stopped or disrupted, the 
brain’s tissue may become deprived of oxygen and nutrients, which 
can lead to a stroke. Due to the rapid ischaemic changes in brain 
cells, brain functioning is altered. There are two types of strokes: 
haemorrhagic (caused by a rupture blood vessel and subsequent 
brain haemorrhage) and ischaemic (caused by a blockage in a 
blood vessel) [1]. Sudden weakness or numbness in one or both 
arms, legs, or face, especially on one side of the body, is a common 
sign of a stroke. Other symptoms include sudden disorientation, 
loss of balance or coordination, dizziness, difficulty speaking or 
understanding, difficulty walking and an abrupt, severe headache 
with no apparent cause. In India, stroke is a significant public health 
concern [2]. According to a published article, the age-adjusted 
prevalence of stroke in India is expected to be 545 per 100,000 
persons, with higher rates in rural areas compared to metropolitan 
ones [3]. The study also highlighted the increasing prevalence of 
stroke in India, particularly with the rising incidence of risk factors 
like diabetes, high blood pressure and tobacco use [4].

Following a stroke, the resultant lesion leads to an interhemispheric 
imbalance involving hyperexcitability of the contralesional hemisphere 

as well as contralateral motor dysfunction [5]. Bilateral activation 
of the hemiparetic side is frequently observed during recovery, as 
neural reorganisation in both the ipsilesional and contralesional 
hemispheres may occur in an effort to regain motor functioning. 
There is ongoing debate regarding the role and significance of 
the contralesional motor cortex, despite the traditional belief that 
reorganisation of the ipsilesional hemisphere is the most crucial 
factor for successful recovery [6]. According to several functional 
magnetic resonance imaging studies, patients who continue to 
experience hyperexcitability in the contralesional hemisphere after 
it has been inhibited tend to recover less fully; nonetheless, some 
patients who achieve a full recovery still exhibit contralesional motor 
activity and reduced functional ability [7].

One non invasive brain stimulation method that has been studied 
for its potential to expedite stroke recovery is rTMS [8]. rTMS is 
used to suppress the contralesional hemisphere or stimulate the 
ipsilesional motor cortex, which may improve recovery in stroke 
patients [9]. In the context of stroke, rTMS is commonly used to 
modify the excitability of the contralesional (opposite side) motor 
cortex. Low-frequency repetitive motor stimulation applied to the 
contralesional primary motor cortex has been shown to enhance 
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ABSTRACT
Introduction: Following a stroke, the resultant injury causes 
hyperexcitability of the contralesional hemisphere, leading to an 
interhemispheric imbalance and contralateral motor dysfunction. 
Repetitive Transcranial Magnetic Stimulation (rTMS) is a non 
invasive brain stimulation technique that has been investigated for 
its ability to hasten stroke recovery by stimulating the ipsilesional 
motor cortex or inhibiting the contralesional hemisphere.

Need of the study: Stroke is a major cause of impairment, with a 
significant number of survivors experiencing motor impairments 
that affect their quality of life and independence. rTMS modulates 
cortical excitability and plasticity and has been shown to improve 
motor recovery after stroke. However, the exact parameters, 
timing and targets of rTMS remain undefined, which contributes 
to its variable clinical evidence. Some research focusing on 
the unaffected hemisphere suggests that ipsilateral cortical 
stimulation may be one means to decrease interhemispheric 
inhibition and promote recovery. A better understanding of the 
mechanisms underlying these phenomena might be useful in 
improving stroke treatment and intervention strategies.

Aim: The present research aims to determine the effectiveness 
of a standard physiotherapy protocol for the contralateral side 

combined with rTMS of the ipsilateral (contralesional) cortex in 
improving tone and function in subacute stroke survivors.

Materials and Methods: A randomised controlled trial involving 
60 subacute stroke patients will be conducted, in which the 
patients will be divided into two groups: Group A (experimental) 
and Group B (control), using a random number sequence with 
a 1:1 allocation ratio. The experimental group will receive rTMS 
along with standard physiotherapy, while the control group 
will receive placebo rTMS alongside standard physiotherapy. 
This study will take place in the outpatient department of Ravi 
Nair Physiotherapy College and Acharya Vinobha Bhave Rural 
Hospital from April 2024 to March 2025. Each group will receive 
five intervention sessions per week for four weeks. The Modified 
Ashworth Scale (MAS), Stroke Rehabilitation Assessment of 
Movement (STREAM), Functional Reach Test (FRT) and 10-Metre 
Walk Test (10-MWT) will be used to assess each patient before 
and after therapy. The paired t-test will be employed to test the 
outcome variables for the pre-post results. The Kolmogorov-
Smirnov test will be used to assess the normality of the data. 
If the data are normally distributed, a parametric test will be 
performed; if normality is violated, a non parametric test will be 
carried out, with a significance level set at p-value <0.05.
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side in subacute stroke survivors, with a focus on improving muscle 
tone and functional recovery.

Wu X et al., studied the effects of combined high-frequency rTMS 
and cervical nerve root magnetic stimulation on upper extremity 
motor recovery following a stroke. Both rTMS and cervical nerve 
root magnetic stimulation effectively promoted upper limb motor 
recovery in stroke patients. The protocol that combines the 
two techniques has been found to be more beneficial for motor 
improvement and patients can easily tolerate it [14]. Mann SK and 
Malhi NK focused on rTMS as a safe, non invasive technique for 
the cortical modulation of excitability, which is used for a myriad of 
psychiatric and neurological disorders, including treatment-resistant 
depression and obsessive-compulsive disorder [8].

Another study by Wu X et al., found that accelerated interrupted 
transcranial burst stimulation over the left dorsolateral prefrontal 
cortex significantly improves memory encoding functions in 
Alzheimer’s disease, with benefits observed for eight weeks and 
differing efficacies between mild and severe cases [15]. Boddington 
LJ and Reynolds JNJ suggested that interhemispheric inhibition 
with neuromodulation can enhance stroke rehabilitation. The extent 
to which asymmetric interhemispheric inhibition impacts stroke 
recovery is controversial. They suggested that interhemispheric 
inhibition is not static following a stroke in terms of the movement 
phase in which it is aberrantly engaged. Instead, it may dynamically 
increase in the perilesional areas during early movement, thereby 
impairing motor initiation. Consequently, its effect on stroke recovery 
may vary between studies depending on the technique used and 
the movement phase involved in eliciting the measurement [7].

Finally, authors propose that modulating excitability in the brain 
through more specific targeting of neural elements underlying 
interhemispheric inhibition—via stimulation type, location and 
intensity—may raise the ceiling of recovery following a stroke and 
enhance functional return [7].

MATERIALS AND METHODS
This research is a two-arm parallel, single-centric, double-blinded, 
open-label equivalency randomised controlled trial. This study has 
been registered with the Clinical Trials Registry India (CTRI) under 
CTRI No: CTRI/2024/03/064866. The Standard Procedure Items: 
Recommendations for Interventional Trials (SPIRIT) checklist is 
adhered to throughout the study procedure [16]. Extended data 
includes the model consent form and the data collection form. 
The Consolidated Standards of Reporting Trials (CONSORT) 
recommendations will also be followed during the conduct of the 
study [17]. The study procedure is summarised in [Table/Fig-1].

Following approval by the Institutional Ethics Committee (IEC) of the 
Datta Meghe Institute of Higher Education and Research (Institutional 
Ethical Clearance was obtained on 31/01/24; IEC No: DMIHER (DU)/
IEC/2024/148), participants will be recruited based on the study’s 
inclusion and exclusion criteria from the neurorehabilitation unit of 
Acharya Vinoba Bhave Rural Hospital and the Neurophysiotherapy 
outpatient department of Ravi Nair Physiotherapy College.

Participants diagnosed with subacute stroke will be randomised 
through simple random sampling and allocated via the SNOSE 
method into Group A and Group B [Table/Fig-1]. Randomisation 
and allocation will be conducted by the primary researcher, who is 
an Assistant Professor in Physiotherapy. Outcome measures will be 
assessed before the beginning of the study and after its completion 
by an Assistant Professor with equivalent experience, who is aware 
of the study but blinded to the intervention.

As part of the inclusion process for the study, subjects will be invited 
and screened. Participants will receive written informed consent 
forms and information about the project following the screening. 
The assessor will use a questionnaire containing basic demographic 
details and exclusion criteria to conduct the baseline evaluation, 

motor function and decrease interhemispheric asymmetry in 
patients  with subacute stroke [10]. Additionally, it increases the 
excitability of the ipsilesional (affected) motor cortex.

The effect of rTMS on the side of the brain opposite the stroke 
lesion, known as the contralesional hemisphere, is a topic of ongoing 
discussion. Low-frequency rTMS (1 Hz or less) applied to the 
contralesional hemisphere may enhance motor recovery and reduce 
its inhibitory effect on the affected hemisphere [11]. Some studies 
suggest that the contralesional hemisphere may benefit from high-
frequency rTMS (more than 5 Hz) to increase its excitatory effect 
on the affected hemisphere and facilitate motor compensation [12]. 
The optimal frequency, intensity, duration and timing of rTMS for the 
contralesional hemisphere may depend on a number of variables, 
such as the site and severity of the stroke, the patient’s stage of 
recovery and their individual characteristics.

One study indicates that low-frequency contralesional rTMS can aid 
in stroke recovery when coupled with intensive physiotherapy [13]. 
However, the effectiveness of rTMS on the contralesional cortex 
may vary depending on several factors, including when it is applied 
in relation to motor training, the type of stroke (chronic or subacute) 
and the stroke’s location (cortical or subcortical) [10].

Although rTMS shows promise in aiding stroke recovery, particularly 
when applied to the contralesional cortex, there is a lack of literature 
regarding the use of the intermittent theta burst stimulation form 
of rTMS to inhibit the contralesional cortex. Further research is 
needed to fully understand its effectiveness across different stroke 
populations and to maximise its potential use in stroke rehabilitation. 
In this context, this research aims to identify the efficacy of rTMS 
on the ipsilateral cortex combined with a standard physiotherapy 
protocol for the contralateral side in improving tone and function in 
subacute stroke survivors.

This research aims to determine the effectiveness of a standard 
physiotherapy protocol for the contralateral side combined with 
rTMS of the ipsilateral (contralesional) cortex in improving muscle 
tone, function, functional reach (risk of falling) and gait velocity in 
subacute stroke survivors.

Objectives:

Primary objective: To determine the effectiveness of rTMS on the 
ipsilateral cortex, along with a standard physiotherapy protocol for the 
contralateral side, on tone and function in subacute stroke survivors.

Secondary objective: To compare the effectiveness of rTMS on 
the ipsilateral cortex, along with a standard physiotherapy protocol 
for the contralateral side, against placebo rTMS and the standard 
physiotherapy protocol on tone and function in subacute stroke 
survivors.

Hypothesis: 

Null hypothesis (H0): There will be no significant effect of rTMS 
on the ipsilateral cortex, along with the standard physiotherapy 
protocol for the contralateral side, on tone and function in subacute 
stroke survivors.

Alternative hypothesis (Ha): There will be a significant effect of 
rTMS on the ipsilateral cortex, along with the standard physiotherapy 
protocol for the contralateral side, on tone and function in subacute 
stroke survivors.

Review of Literature
Stroke often leads to motor impairments, including abnormalities in 
muscle tone and reduced function, primarily affecting the contralateral 
limbs. The standard treatment for improving motor function is 
physiotherapy, although it may not address the underlying neurological 
deficits. rTMS has emerged as a promising adjunct therapy that could 
enhance neural plasticity when applied to the ipsilateral cortex. This 
randomised controlled trial assesses the combined effect of rTMS on 
the ipsilateral cortex and standard physiotherapy on the contralateral 
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Considering large effect size difference=0.8 (Large effect size)

Sample size, 

	 at 5% level of significance=1.96

	 at 80% Power=0.84

Ratio allocation (Group-2/Group-1)=1

Sample size, 

Total 26 samples required per group.

Taking 15% of total dropouts as 4,

Each group must have a total of 30 samples.

Interventions: The experimental group will receive low-frequency 
rTMS, with a frequency of less than 1 Hz, to the ipsilateral cortex 
(for 20 minutes), along with a standard physiotherapy protocol for 
the contralateral side, for one hour each day, five days per week, 
for four weeks [19]. The control group will receive their standard 
physiotherapy protocol for the contralateral side for one hour each 
day, five days per week, for four weeks [20], in addition to placebo 
rTMS (where the rTMS machine will not be switched on).

rTMS protocol: Patients will be seated during treatment, and 50-Hz 
rTMS will be administered over the primary motor cortex (M1) on 
the unaffected side using an rTMS device. The target for stimulation 
will be the M1 lower-limb motor area contralaterally, with the coil’s 
midpoint positioned over this motor area. The treatment frequency 
is 1 Hz, with an amplitude of 90% RMT. Each sequence consists 
of a 10-second train, with a 5-second inter-train interval, repeated 
60 times for a total of 15 minutes or 600 pulses. This protocol was 
developed based on expert consensus and regarded as current best 
practice. Treatments will be applied for 15 minutes per session, once 
daily, five days a week, for four weeks [21].

Standard physiotherapy protocol [20]: Upper limb training involves 
various exercises to enhance motor function and coordination. 
This includes reaching for the shoulder in abduction, flexion and 
extension, as well as performing elbow flexion and extension. Key 
hand functions such as grasping, releasing and manipulating objects 
will also be emphasised. Early weight-bearing exercises will involve 
side-lying and weight-bearing on the elbow. Rolling exercises will 
target both sides, using Proprioceptive Neuromuscular Facilitation 
(PNF) in the D1 flexion pattern and pelvic PNF for assistance. In 
supine-to-sit transitions, assistance from both upper extremities will 
be provided.

Sitting balance exercises will involve turning the head and trunk 
while looking over the shoulder, raising the gaze to the ceiling, 
and extending  the paretic hand forward, sideways and backward 
while seated. “Butt walking,” or scooting while seated, will also be 
practised. For standing balance, exercises will involve standing with 
feet apart, looking up at the ceiling and reaching forward, sideways, 
and backward with various tasks and objects, using one or both 
hands. Single-leg support will involve practising reaching while 
standing on one foot on a step and stepping forward with the non 
paretic limb.

Outcomes: The following outcomes will be assessed at the time 
of recruitment and after six weeks of treatment.

Modified Ashworth Scale (MAS): The MAS, which is characterised 
by increased joint resistance to passive movement, is the most 
commonly used clinical test for assessing the rise in muscle tone 
following Central Nervous System (CNS) injury. There are five 
possible scores according to the MAS: 0, 1, 1+, 2, 3, and 4 [22].

Assessment of Movement for Stroke Rehabilitation (STREAM): 
The STREAM tool measures voluntary movement and mobility after 
a stroke. It evaluates the patient’s functional mobility, coordination 
and range of motion. Healthcare practitioners can use this outcome 
measure to monitor the progression of stroke recovery, as it has 
been shown to be responsive to changes in acute stroke [23].

[Table/Fig-1]:	 Flowchart depicting the study’s design.

which includes assessments of muscle tone and functional ability 
(MAS, STREAM, FRT, and 10-MWT).

The subjects will be selected in a randomised manner using a 
computer-generated random number table. Group A (Experimental) 
and Group B (Control) will be assigned in a 1:1 ratio through 
randomisation. When recruiting participants, the cut-off values of 
the baseline parameters will serve as the basis for the inclusion 
and exclusion criteria. Group A will receive rTMS and standard 
physiotherapy to assess any marginal differences in improved muscle 
tone, function, functional reach and gait velocity at the endpoint. 
The control group will receive placebo rTMS along with standard 
physiotherapy. Given that the universal method of physiotherapy 
is well-established, it is most appropriate to compare it with this 
innovative strategy that still requires validation.

Inclusion criteria: Patients must be experiencing some form of 
cerebrovascular disease diagnosed by Computed Tomography 
(CT) or Magnetic Resonance Imaging (MRI), with a unilateral 
stroke that is either primary or of prior onset but not resulting in 
continuous neurological deficits. Patients should demonstrate stable 
consciousness and vital signs, be aged between 45 and 60 years, 
and belong to either gender. Eligible patients must have a MAS of 
less than 2 and a Brunnstrom stage of 2-4 [9]. Subjects must be in 
the subacute phase of stroke, with a disease duration of one week 
to three months. Additionally, the selected applicant or their relatives 
must sign the informed consent.

Exclusion criteria: Patients will be excluded if they have a family 
history of epilepsy or are taking seizure-inducing medications, 
those experiencing severe declines or failures of respiratory, 
cardiovascular, urinary, or other major systems and patients with 
severe communicative or cognitive impairments that would prevent 
meaningful participation in assessment and treatment. Specific 
exclusion criteria include: posterior circulation infarction; restrictions 
related to transcranial magnetic stimulation, such as metal implants, 
medication delivery systems, insulin pumps and aneurysm clips 
(excluding those made from a titanium alloy); cervical spinal instability 
or severe cervical stenosis in the presence of severe cervical 
spondylosis; recurrent stroke; total internal carotid artery blockage; 
direct wounds and cranial trauma; flawed stimulation sites; pregnant 
women; and patients with a history of claustrophobia.

Sample size calculation: The sample size will be determined by 
comparing two means using Cohen’s effect size, considering a 
significant effect size difference of 0.8 (large effect size) [18].

Sample size by Cohen’s effect size by comparing two means

Effect size=d=
m2-m1

s =0.80 (Estimated) for MAS
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Functional Reach Test (FRT): The FRT is a clinical outcome test 
with a single task for evaluating complex equilibrium. It measures 
the greatest distance a person can stretch forward while standing 
still, assessing a patient’s stability. In the most recent version of the 
FRT, the patient can also be seated in a fixed position [24].

Gait velocity by 10-Metre Walk Test (10-MWT): This test calculates 
walking speed in meters per second over a brief distance. It records 
how long it takes to walk 6 metres in total, measured to the nearest 
tenth of a second. The total walking duration (in seconds) will then 
be used to convert the distance to metres per second by dividing 
6 metres by the walking duration. Walking speed classifications 
are as follows: 0.40 to 0.80 m/s for household ambulators, 0.40 
to 0.80 m/s for limited community ambulators, and ≥0.80 m/s for 
community ambulators [25].

Study timeline: Participants will be enrolled and assessed pre- 
and post-therapy, in addition to visits one and two for subject 
recruitment and screening, baseline assessment and following the 
conclusion of the four-week period when outcome measures will 
be measured. The study schedule for enrolment, intervention and 
assessment is displayed in [Table/Fig-2] (as recommended by the 
SPIRIT guidelines).
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STATISTICAL ANALYSIS
R Studio version 4.3 will be used to analyse the total findings. 
To examine each participant’s demographics and conduct an 
analysis, data pertaining to all study participants will be gathered 
and organised according to their individual records. Quantitative 
demographic characteristics, such as age, will be displayed with 
means, standard deviations, medians, maximum, and minimum 
values. Qualitative or categorical data, such as hand dominance, 
gender and affected side, will be presented as frequencies and 
percentages.

The MAS, STREAM, FRT, and 10-MWT will be used to assess each 
patient before and after therapy. The paired t-test will be employed 
to evaluate the outcome variables for the pre-post results. The 
Kolmogorov-Smirnov test will be used to assess the normality of 
the data. If the data are normally distributed, a parametric test will 
be performed; if normality is violated, a non parametric test will be 
utilised, with a significance level set at p-value <0.05.
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Study period

Enrolment Allocation Postallocation

Timepoint -t1 0
Intervention 

(t1-4)
Post-test 

(t4)

Enrolment

Eligibility screen x

Informed consent x

Allocation x

Interventions

[Intervention A] x

[Intervention B] x

Assesments

MAS x x

STREAM x x

FRT x x

10-MWT x x

[Table/Fig-2]:	  Schedule of enrolment, interventions and assessment from the 
SPIRIT guidelines.
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