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Abstract Background & Objectives: Spasticity is a common motor impairment following stroke, significantly impacting 
patient functionality and quality of life. Repetitive transcranial magnetic stimulation (r-TMS) has gained attention as a non-
invasive neuromodulation technique potentially beneficial for reducing spasticity. However, evidence regarding its impact on 
spinal motor neuron excitability remains inconclusive. This study aimed to investigate the effects of r-TMS combined with 
conventional physiotherapy on spasticity and spinal motor neuron excitability in stroke patients. Improving understanding of 
these interventions may help stroke patients achieve better movement control and enhance their overall rehabilitation outcomes. 
Methods: A randomized controlled trial was conducted involving 30 chronic stroke patients divided into two groups: Group-
A (experimental; r-TMS with conventional physiotherapy) and Group-B (control; conventional physiotherapy alone). 
Intervention lasted 4 weeks, with 12 sessions administered (3 sessions/week). Clinical assessment of spasticity (Modified 
Ashworth Scale, MAS) and electrophysiological evaluations (H-reflex latency and amplitude) were measured pre- and post-
intervention. Results: Post-intervention, Group-A demonstrated significant reductions in spasticity (MAS scores decreased 
from 2.4±0.6 to 1.2±0.5, p<0.001) compared to Group-B (2.3±0.7 to 1.9±0.6, p=0.02). Electrophysiological outcomes revealed 
significantly increased H-reflex latency (30.2±1.9ms to 32.8±1.6ms, p<0.001) and decreased amplitude (2.9±0.6mV to 
1.7±0.5mV, p<0.001) in Group-A, indicating reduced spinal excitability, with minimal changes observed in Group-B. 
Conclusions: Integrating r-TMS with conventional physiotherapy effectively reduces spasticity and modulates spinal motor 
neuron excitability post-stroke. These findings support r-TMS as a valuable adjunct intervention in stroke rehabilitation 
protocols. 
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INTRODUCTION 
Stroke remains one of the most prevalent neurological 
disorders and a leading cause of disability globally, affecting 
millions annually [1]. It significantly impacts individuals' 
physical, cognitive, emotional and social functions, posing 
substantial burdens on healthcare systems [2]. Motor 
impairments such as muscle weakness, impaired 
coordination and particularly spasticity represent prominent 
consequences of stroke, substantially influencing functional 
independence and quality of life [3,4]. 

Spasticity is characterized clinically by a velocity-
dependent increase in muscle tone and exaggerated stretch 
reflexes due to disrupted supraspinal control and spinal 
hyperexcitability [5,6]. Approximately 30-80% of stroke 
survivors experience spasticity, highlighting its importance 
as a target for rehabilitation interventions [7]. Left 

unmanaged, spasticity can lead to contractures, pain and 
functional limitations that impede recovery [8]. Current 
management strategies include pharmacological treatments, 
such as baclofen and botulinum toxin injections and non-
pharmacological interventions like physiotherapy and 
neuromodulation techniques [9,10]. However, these 
treatments possess limitations, including side effects, 
invasive nature, or inconsistent efficacy. Therefore, 
exploring safe, effective and non-invasive rehabilitation 
modalities remains crucial. 

Repetitive Transcranial Magnetic Stimulation(r-TMS) has 
emerged as an increasingly popular intervention in stroke 
rehabilitation due to its non-invasiveness, minimal side-effects, 
ease of application and cost-effectiveness [11,12]. r-TMS 
involves delivering low-voltage electrical currents via surface 
electrodes   on   the   skin,   stimulating   peripheral   nerves   to
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modulate neural activity. Studies suggest that r-TMS can 
decrease spasticity by altering spinal reflex activity and 
promoting cortical reorganization, ultimately enhancing 
functional recovery post-stroke [13,14]. 

Several systematic reviews have reported beneficial 
effects of r-TMS in stroke rehabilitation, including 
reductions in muscle spasticity and improvements in 
functional tasks such as gait and upper limb function [15,16]. 
Nonetheless, the precise neural mechanisms through which 
r-TMS exerts its therapeutic effects remain inadequately 
understood, limiting the ability to optimize treatment 
parameters and clinical application. 

The Hoffmann reflex (H-reflex), an electrophysiological 
measure of spinal motor neuron excitability, has been widely 
employed in clinical research to evaluate neural changes 
post-stroke [17]. The H-reflex represents a monosynaptic 
reflex elicited by electrically stimulating IA sensory afferent 
fibers, providing insights into spinal motor neuron pool 
excitability and reflex circuit function [18]. Following stroke, 
increased H-reflex amplitudes and decreased latencies 
commonly occur, indicating enhanced spinal excitability and 
disrupted inhibitory control. Therefore, H-reflex assessments 
can objectively quantify spinal reflex modulation, offering 
valuable insights into r-TMS induced neurophysiological 
changes. 

Recent studies investigating the effects of r-TMS on spinal 
excitability post-stroke have demonstrated promising but varied 
results. Some researchers reported significant reductions in H-
reflex amplitude and increases in latency, suggesting decreased 
spinal excitability following r-TMS interventions [19,20]. In 
contrast, others have found minimal or inconsistent changes in 
H-reflex parameters, underscoring the need for further research 
to clarify these discrepancies [21,22]. 

Despite extensive research exploring r-TMS for 
stroke-related motor deficits, gaps in knowledge persist 
regarding optimal stimulation parameters (frequency, 
duration, intensity, electrode placement) and precise 
neural mechanisms [23,24]. Understanding these factors is 
critical for developing evidence-based guidelines to 
maximize clinical efficacy. Recent reviews advocate for 
individualized parameter selection based on patient-
specific clinical presentations and electrophysiological 
profiles, highlighting the complexity and heterogeneity of 
stroke populations [25]. 

Moreover, current literature emphasizes combining 
r-TMS with conventional rehabilitation modalities, such 
as physiotherapy exercises and task-specific training, to 
exploit potential synergistic effects in promoting 
neuroplasticity and enhancing motor recovery [26]. 
However, standardized clinical protocols integrating r-
TMS into routine stroke rehabilitation practices remain 
lacking, necessitating further investigation to 
substantiate integrated therapeutic approaches. 

Identifying affordable, accessible and non-invasive 
treatments such as r-TMS could significantly improve 
stroke recovery outcomes for patients in local healthcare 
settings. 

The primary objective of this study is to evaluate the 
effectiveness of repetitive transcranial magnetic stimulation 
(r-TMS) combined with conventional physiotherapy in 
reducing spasticity among chronic stroke patients. 
Specifically, the study aims to (1) assess changes in clinical 
spasticity levels using the Modified Ashworth Scale (MAS) 
and (2) measure neurophysiological changes in spinal motor 
neuron excitability through H-reflex parameters, including 
latency and amplitude.  

Additionally, the study seeks to compare the outcomes 
between patients receiving combined r-TMS and 
physiotherapy versus those undergoing physiotherapy alone. 
Through these evaluations, the research aims to clarify the 
therapeutic mechanisms of r-TMS and its potential 
integration into routine stroke rehabilitation practices, 
particularly to enhance recovery outcomes in local healthcare 
settings. 
 
METHODS 
This study was designed as an experimental, randomized 
controlled trial aimed at evaluating the effect of Repetitive 
Transcranial Magnetic Stimulation(r-TMS) on spinal motor 
neuron excitability in patients with stroke. Ethical approval 
for the study was obtained from the institutional review board 
and informed consent was obtained from all participants prior 
to initiation. This study was conducted and reported in 
accordance with the Consolidated Standards of Reporting 
Trials (CONSORT) guidelines to ensure transparency, 
completeness and methodological rigor in the design, 
implementation and reporting of randomized controlled 
trials.  
 
Participants 
Thirty participants diagnosed with stroke (ischemic or 
haemorrhagic), confirmed by medical imaging (CT or MRI), 
were recruited from a neurology rehabilitation unit. The 
inclusion criteria included chronic stroke (>6 months post-
onset), age between 40 and 70 years, clinically evident 
spasticity (Modified Ashworth Scale [MAS] ≥ 1+) and the 
ability to follow simple commands. Participants with severe 
cognitive deficits, sensory loss, recent fractures or skin 
lesions near the treatment site, epilepsy, pacemakers, or 
severe cardiovascular comorbidities were excluded. 
Following the CONSORT guidelines ensured that all critical 
aspects of the study-including participant selection, 
randomization process, intervention details, outcome 
measures and statistical analyses-were systematically and 
transparently reported. 

The sample size was calculated based on an expected 
moderate effect size (Cohen’s d = 0.6) for differences in 
MAS scores between groups, with a power of 80% (β = 0.20) 
and a significance level of 5% (α = 0.05). Using these 
parameters and accounting for a potential 10% dropout rate, 
a minimum of 15 participants per group (total n = 30) was 
determined to be sufficient to detect statistically significant 
differences between interventions. The calculation was 
performed using G*Power software (version 3.1.9.7). 
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Participants were randomly allocated into two equal 
groups (Group A: Experimental group, receiving r-TMS plus 
conventional physiotherapy and Group B: Control group, 
receiving conventional physiotherapy only), using 
computerized block randomization. 
 
Intervention Protocol 
The experimental group (Group A) received r-TMS in 
addition to a standard physiotherapy protocol, while the 
control group (Group B) received only standard 
physiotherapy. The intervention lasted for 4 weeks, 
comprising 12 sessions of therapy (3 sessions per week). 

Repetitive Transcranial Magnetic Stimulation (r-TMS) 
is administered using a figure-8 coil positioned over the 
ipsilesional or contralesional motor cortex, depending on the 
targeted modulation. Stimulation frequency ranges from 1 Hz 
(inhibitory) to 10 Hz (excitatory). Intensity is set at 80-110% 
of the resting motor threshold (RMT), determined via motor 
evoked potentials. Sessions last 20-30 minutes, delivering 
1,000-3,000 pulses daily over 4 weeks. Coil placement 
follows the 10-20 EEG system, commonly over M1. Patients 
are monitored for adverse effects. This protocol enhances 
neuroplasticity and functional recovery post-stroke. 

Each r-TMS session lasted 30 minutes, administered 
prior to conventional physiotherapy exercises. The standard 
physiotherapy exercises included passive and active-assisted 
range-of-motion exercises, stretching and task-specific 
functional training aimed at improving motor control and 
mobility. 
 
Outcome Measures 
The changes were assessed using clinical spasticity scores 
(Modified Ashworth Scale, MAS) and electrophysiological 
parameters (H-reflex latency and amplitude). Clinical 
evaluation of spasticity was performed using the Modified 
Ashworth Scale (MAS) for the affected lower extremity 
muscles at baseline and post-intervention. Assessments were 
conducted by an independent blinded assessor to ensure 
objectivity. 

Likewise, Spinal motor neuron excitability was 
quantitatively assessed using the Hoffmann reflex (H-reflex). 
Electromyographic (EMG) recordings were captured using 
surface EMG electrodes placed over the soleus muscle, with 
participants in a relaxed supine position. The tibial nerve was 
stimulated electrically at the popliteal fossa using a 
monophasic square-wave pulse of 1 ms duration. The H-
reflex latency and amplitude were recorded at baseline (pre-
intervention), immediately after completion of the 4-week 
intervention and analyzed for intra-group and inter-group 
comparisons (Figure 1). 
 
Data Analysis 
Statistical analyses were conducted using SPSS software 
(version 25.0). Descriptive statistics (Mean±standard 
deviation) were utilized to summarize demographic 
characteristics and outcomes. Paired t-tests were conducted 
for intra-group comparisons (pre- and post-intervention) to 

assess changes in spinal motor neuron excitability (H-reflex 
latency and amplitude) and MAS scores. Independent t-tests 
were used for inter-group comparisons to evaluate 
differences in outcomes between the experimental and 
control groups. Statistical significance was set at a p-value of 
less than 0.05. 
 
RESULTS 
This study investigated the effects of repetitive transcranial 
magnetic stimulation (r-TMS) on spinal motor neuron 
excitability in patients with stroke by assessing changes in 
clinical spasticity scores (Modified Ashworth Scale, MAS) 
and electrophysiological parameters (H-reflex latency and 
amplitude). A comparative analysis was performed between 
Group-A (experimental, r-TMS plus conventional 
physiotherapy) and Group-B (control, conventional 
physiotherapy only). 
 
Participant Demographics 
A total of 30 stroke patients participated in this study, with 
15 allocated to each group. Group-A (experimental, r-TMS 
plus conventional physiotherapy) and Group-B (control, 
conventional physiotherapy only). The demographic data 
indicated no significant differences between the groups 
regarding age, gender, or baseline clinical characteristics, 
confirming homogeneity across both groups. 
 
Clinical Assessment (MAS scores) 
Both groups exhibited reductions in MAS scores post-
intervention. However, the experimental group (Group-A) 
demonstrated a significantly greater improvement in 
spasticity compared to the control group (Group-B), as 
shown in Table 1. 
 
Electrophysiological Assessment (H-reflex Latency) 
At baseline, H-reflex latency values were similar between the 
groups, indicating comparable spinal motor neuron 
excitability prior to intervention. Following intervention, 
Group-A demonstrated a significant increase in H-reflex 
latency, reflecting a reduction in spinal excitability. In 
contrast, Group-B showed minimal, non-significant changes 
(Table 2). 

Inter-group comparison of post-intervention latencies 
revealed significant differences favoring Group-A (p<0.01, 
Table 4). 
 
Electrophysiological Assessment (H-reflex Amplitude) 
H-reflex amplitude, indicative of spinal motor neuron 
excitability, decreased significantly in Group-A after 
intervention. The control group (Group-B) experienced only 
slight and statistically insignificant changes, as illustrated in 
Table 3. 

Inter-group comparison of post-intervention amplitudes 
showed statistically significant improvements in Group-A 
compared to Group-B (p<0.01). An overall summary of post-
intervention intergroup comparisons showed significant 
differences favouring Group-A across all measured parameters.
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Figure 1: Intergroup comparison of outcomes Post-intervention  
 
Table 1: Modified Ashworth Scale (MAS) Scores-intragroup comparison 

Group Baseline MAS (Mean±SD) Post-Intervention MAS (Mean±SD) p-value 

Group-A (Experimental) 2.4±0.6 1.2±0.5 <0.001* 

Group-B (Control) 2.3±0.7 1.9±0.6 0.02* 

*Significant at p<0.05 
 
Table 2: H-reflex latency (ms)-intragroup comparison 

Group Baseline Latency (Mean±SD) Post-Intervention Latency (Mean±SD) p-value 

Group-A (Experimental) 30.2±1.9 32.8±1.6 <0.001* 

Group-B (Control) 30.4±2.0 30.9±1.8 0.09 

*Significant at p<0.05 
 
Table 3: H-reflex amplitude (mV)-intragroup comparison 

Group Baseline Amplitude (Mean±SD) Post-Intervention Amplitude (Mean±SD) p-value 

Group-A (Experimental) 2.9±0.6 1.7±0.5 <0.001* 

Group-B (Control) 2.8±0.7 2.5±0.6 0.15 

*Significant at p<0.05 
 
Table 4: Intergroup comparison of outcomes post-intervention 

Outcome Measure Group-A (Mean±SD) Group-B (Mean±SD) p-value 

MAS scores 1.2±0.5 1.9±0.6 <0.01* 

H-reflex latency (ms) 32.8±1.6 30.9±1.8 <0.01* 

H-reflex amplitude (mV) 1.7±0.5 2.5±0.6 <0.01* 

*Significant at p<0.05 
 
DISCUSSION 
This study demonstrated that combining repetitive 
transcranial magnetic stimulation (r-TMS) with conventional 
physiotherapy was significantly more effective than 
physiotherapy alone in improving stroke-related spasticity 
and reducing spinal motor neuron excitability. Patients in the 
r-TMS group (Group-A) showed greater reductions in 
spasticity scores (MAS), significant increases in H-reflex 
latency and significant decreases in H-reflex amplitude 
compared to the control group (Group-B). These findings 
suggest that r-TMS, when integrated with physiotherapy, 
offers superior benefits in enhancing motor recovery and 
reducing neural hyperexcitability after stroke.  

These results are consistent with and expand upon existing 
literature, providing a comprehensive understanding of r-TMS's 
therapeutic potential in stroke rehabilitation. For instance, a 
systematic review and meta-analysis by Xu et al. [27] concluded 

that r-TMS, particularly when applied for more than 30 minutes 
over motor cortex, effectively reduces lower limb spasticity in 
chronic stroke survivors. Similarly, Fan et al. [28] also buttressed 
this point that r-TMS application led to significant improvements 
in spasticity and motor function in hemiplegic stroke patients, 
suggesting that r-TMS may facilitate neural plasticity and 
functional recovery. 

In earlier randomized controlled trial, Yan and Hui-
Chan [20] found that combining r-TMS with task-related 
training significantly improved lower limb functions in 
chronic stroke patients, further supporting the adjunctive 
use of r-TMS in rehabilitation programs. A decade later, 
another study by Şan, Yılmaz and Kesikburun [29] 
reported that r-TMS applied to acupuncture points 
improved muscle function in multiple sclerosis, indicating 
the versatility of r-TMS application methods in spasticity 
management. 
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However, on the contrary there are few studies that have 
reported minimal or no significant effects of repetitive 
transcranial magnetic stimulation (r-TMS) on spasticity [30-32]. 
The study by Wang et al. [30] found that while r-TMS improved 
balance, its effect on spasticity was not statistically significant. 
These discrepancies may be attributed to variations in study 
design, r-TMS parameters, duration of intervention and patient 
characteristics. Therefore, standardizing r-TMS protocols and 
tailoring interventions to individual patient needs are crucial for 
optimizing therapeutic outcomes. 

The increase in H-reflex latency and decrease in 
amplitude observed in this study indicate a reduction in spinal 
motor neuron excitability following r-TMS intervention. 
These electrophysiological changes are consistent with 
findings from previous research. For instance, a study by 
Chen et al. [21] demonstrated that r-TMS application resulted 
in prolonged H-reflex latency and reduced amplitude in 
stroke patients, suggesting enhanced presynaptic inhibition 
and modulation of spinal reflex pathways. 

Similarly, Aydın et al. [33] reported that r-TMS 
application led to significant decreases in H-reflex amplitude 
in patients with spasticity, indicating reduced excitability of 
the monosynaptic reflex arc. These findings are corroborated 
by Hui-Chan and Levin [34], who observed prolonged stretch 
reflex latencies following r-TMS application in spastic 
hemiparetic subjects, suggesting that r-TMS may enhance 
inhibitory mechanisms within the spinal cord. 

In contrast, some studies have reported no significant 
changes in H-reflex parameters following r-TMS 
intervention. For example, a study by Abdelkader et al. [35] 
found that r-TMS did not significantly alter H-reflex or F-
wave parameters in healthy subjects. These inconsistencies 
highlight the need for further research to elucidate the 
mechanisms underlying r-TMS induced modulation of spinal 
excitability and to identify factors influencing individual 
responses to r-TMS therapy. 

The exact mechanisms by which r-TMS reduces spasticity 
are not fully understood; however, several hypotheses have been 
proposed. One plausible mechanism is the activation of 
inhibitory interneurons within the spinal cord, leading to 
enhanced presynaptic inhibition of Ia afferent fibers and 
subsequent reduction in motor neuron excitability [36]. This 
mechanism is supported by the observed decreases in H-reflex 
amplitude following r –TMS application, indicating reduced 
excitability of the monosynaptic reflex pathway. 

Another proposed mechanism involves the modulation of 
supraspinal structures. r-TMS may influence cortical excitability 
and promote neuroplastic changes in the central nervous system, 
thereby improving motor control and reducing spasticity [37,38]. 
Functional neuroimaging studies have shown that r-TMS can 
modulate activity in brain regions associated with motor control, 
suggesting a central mechanism of action. 

Additionally, r-TMS may exert its effects through 
sensory gating mechanisms, wherein the stimulation of large-
diameter afferent fibers inhibits the transmission of 
nociceptive and non-nociceptive inputs at the spinal level, 
leading to reduced spasticity [11]. This hypothesis is 

supported by studies demonstrating that r-TMS application 
reduces hyperactive stretch reflexes and passive resistive 
torque in spastic muscles [20]. 

The findings of this study have important clinical 
implications for stroke rehabilitation. The significant 
reduction in spasticity and modulation of spinal excitability 
observed with r-TMS application suggest that r-TMS can be 
an effective adjunct to conventional physiotherapy in 
managing post-stroke spasticity. Clinicians should consider 
incorporating r-TMS into rehabilitation programs, 
particularly for patients with significant spasticity that 
impairs functional performance. 

A major strength of this study is its focused investigation 
on chronic stroke patients, a population often 
underrepresented in neuromodulation research. By 
specifically targeting individuals in the chronic phase, the 
study provides valuable insights into long-term neuroplastic 
potential beyond the acute recovery window.  

To optimize therapeutic outcomes, it is essential to 
individualize r-TMS parameters, including frequency, 
intensity, pulse duration and electrode placement, based on 
patient-specific factors such as the severity of spasticity, 
muscle groups affected and overall health status [12]. 
Additionally, combining r-TMS with other rehabilitation 
modalities, such as task-oriented training and functional 
electrical stimulation, may yield synergistic effects and 
further enhance motor recovery. 

However, it is crucial to be aware of the limitations and 
contraindications of r-TMS therapy. Patients with 
pacemakers or other implanted electronic devices should 
avoid r-TMS due to the risk of interference. Moreover, 
clinicians should monitor patients for potential adverse 
effects, such as skin irritation or discomfort at the electrode 
sites and adjust treatment parameters accordingly. 
 
CONCLUSIONS 
This study demonstrates that combining repetitive 
transcranial magnetic stimulation (r-TMS) with 
conventional physiotherapy significantly improves 
spasticity and reduces spinal motor neuron excitability in 
chronic stroke patients, compared to physiotherapy alone. 
The findings highlight the potential of r-TMS as an 
effective, non-invasive adjunct to enhance stroke 
rehabilitation outcomes. Continued research aimed at 
optimizing protocols, understanding underlying neural 
mechanisms and personalizing treatment strategies 
promises to enhance recovery trajectories and substantially 
improve the quality of rehabilitation care for stroke 
survivors. 
 
Limitations 
Despite the promising findings, this study has several 
limitations that warrant consideration. The relatively small 
sample size may limit the generalizability of the results. 
Future studies with larger, more diverse populations are 
needed to confirm these findings and establish standardized 
r-TMS protocols for spasticity management. 
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Additionally, the short duration of the intervention 
period in this study precludes conclusions about the long-
term effects of r-TMS on spasticity and motor function. 
Longitudinal studies are necessary to assess the sustainability 
of r-TMS induced improvements and to determine the 
optimal duration and frequency of r-TMS application for 
long-term management of spasticity. 

Furthermore, while this study focused on lower limb 
spasticity, future research should explore the effects of r-
TMS on upper limb spasticity and functional outcomes. 
Given the functional importance of upper limb movements in 
daily activities, understanding the potential benefits of r-TMS 
in this context is crucial. 

Lastly, mechanistic studies using advanced 
neuroimaging and electrophysiological techniques are 
needed to elucidate the central and peripheral mechanisms 
underlying r-TMS induced spasticity reduction. Such studies 
could inform the development of targeted interventions and 
enhance our understanding of neural plasticity in response to 
r-TMS therapy. 
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