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ABSTRACT 
 
 

Background: Hemiplegic Shoulder Pain (HSP) is a common and disabling complication 

after stroke, hindering recovery and quality of life. While conventional physiotherapy is 

standard in rehabilitation, its effect on HSP is often limited. Transcutaneous Electrical 

Nerve Stimulation (TENS), a non-invasive electrotherapy, has shown promise for pain 

relief in neurological conditions, but its specific role in HSP, especially in low-resource 

settings like Bangladesh, is not well established. Objective: This study aimed to evaluate 

the effectiveness of TENS combined with conventional physiotherapy in reducing shoulder 

pain, improving range of motion (ROM), and minimizing spasticity in stroke patients with 

hemiplegic shoulder pain. Methods: A randomized controlled trial was conducted at CRP, 

Savar, with 30 stroke patients with HSP. Participants were randomly assigned to an 

experimental group (TENS + physiotherapy, n=15) or control group (physiotherapy only, 

n=15) over 16 sessions. Outcome measures included the Shoulder Pain and Disability 

Index (SPADI), Modified Ashworth Scale (MAS), and goniometric assessment of Active 

and Passive ROM. Data were analyzed using SPSS 25 with t-tests, Mann-Whitney U, and 

Wilcoxon Signed-Rank tests. Results: Both groups showed significant within-group 

improvements in pain, disability, and ROM (p<0.05). However, only the experimental 

group showed a statistically significant reduction in disability scores (p=0.006), while the 

control group did not (p=0.120). Between-group comparisons revealed no significant 

difference in MAS or ROM post-intervention (p>0.05), though the combined use of TENS 

yielded better overall improvements in functional outcomes. Discussion: TENS combined 

with physiotherapy offers added benefits in reducing pain and improving function in HSP 

patients. Although no significant differences were observed in spasticity and ROM 

between the groups, the experimental group showed greater improvement in disability, 

suggesting the potential value of integrating TENS in post-stroke rehabilitation protocols. 

Further large-scale studies are needed. 

 
Keywords: Hemiplegic Shoulder Pain, Transcutaneous Electrical Nerve Stimulation 

 

(TENS), Range of Motion.
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Chapter-i                                                                          Introduction 
 
 
 
 
 

1.1 Background 
 

 
In 1970, According to World Health Organization, Stroke is defined as rapidly 

developing clinical signs of focal disturbance of cerebral function, lasting more than 24 

hours or leading to death, with no apparent cause other than of vascular origin. (WHO, 

1970).Stroke is the leading global cause of disability. It ranks as the second most typical 

cause of death. Stroke can occur from an artery supplying the brain becoming blocked 

or ruptured, and is often caused modifiable risk factors, such as smoking, unhealthy diet 

& insufficient exercise. (WHO, 2019) 
 

 
Hemiplegic shoulder pain is a common complication following stroke, characterized 

by pain and discomfort in the shoulder of the affected side. It significantly impacts the 

quality of life and functional recovery of stroke patients, with prevalence rates reported 

as high as 84% (El Marbouh et al., 2023). Hemiplegic shoulder pain affects a substantial 

number of stroke survivors, with studies indicating rates exceeding 65% (Mahayati & 

Mahayati, 2024). The pain often leads to decreased upper extremity function and 

limitations in daily activities, as evidenced by a strong correlation between shoulder 

pain and activity limitations (Rashid et al., 2024). 

 
For instance, a study conducted in Pakistan reported that 54.5% of stroke survivors 

experienced shoulder pain, with a notable correlation to limitations in daily activities 

(Rashid et al., 2024). In contrast, a systematic review highlighted that the prevalence of 

HSP can range from 22% to 47% across different populations (Anwer & Alghadir, 

2020). Additionally, another study noted that up to 77% of stroke patients may suffer 

from HSP, emphasizing its commonality as a post-stroke complication (Mahayati & 

Mahayati, 2024). 

 
Hemiplegic Shoulder Pain arises from various factors, including shoulder subluxation, 

rotator cuff injuries, and spasticity (Mahayati & Mahayati, 2024). It occurs in 55.6% to 

77% of stroke patients, with rates persisting over time. Risk factors include female 

gender, large-area strokes, and limited shoulder mobility (Li et al., 2023). Hemiplegic
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shoulder pain is linked to increased pain and disability, leading to sleep disturbances 

and reduced overall well-being (Mahayati & Mahayati, 2024). 

 
Hemiplegic shoulder pain complicates rehabilitation, often resulting in longer hospital 

stays and decreased functional recovery (Li et al., 2023). Integrated care pathways have 

shown promise in improving pain management and rehabilitation outcomes, with a 65% 

response rate in pain reduction (Walsh et al., 2021). The diagnosis of hemiplegic 

shoulder pain is difficult to make & is often used to describe a complexity of shoulder 

problems. It can be caused by multiple reasons, including neuropathic pain, shoulder 

impingement, subluxation, immobilization & spasticity etc. The quality of life may be 

negatively impacted by hemiplegic shoulder pain during the rehabilitation process. 

Several causes of hemiplegic shoulder pain divided into 2 groups: Neurological factors 

(Paralysis, spasticity, sensory disorders & neuropathic pain) & mechanical factors 

(glenohumeral subluxation, rotator cuff muscles injury, muscle imbalance & changes 

in the position of the scapula). Hemiplegic shoulder pain is closely related to decrease 

in muscle strength in the upper extremities, particularly in the shoulder muscles also 

decrease range of motion of shoulder (Mahayati & Ryanto, 2024). 

 
The management of hemiplegic shoulder pain typically involves a multidisciplinary 

approach, combining pharmacological treatments, physical therapy, and other 

interventions. Many patients do not achieve adequate pain relief due to the variability 

in individual responses to medications (Li & Alexander, 2015).  Common analgesics 

and anti-inflammatory drugs can have adverse effects, complicating the management 

of Hemiplegic shoulder pain (Griffin, 1986). Conventional physiotherapy plays a 

crucial role in the rehabilitation of patients with paralysis, focusing on restoring 

mobility, reducing pain, and improving functional independence. At the Centre for the 

Rehabilitation of the Paralyzed (CRP), a combination of evidence-based 

physiotherapeutic techniques is utilized to enhance motor recovery. These include soft 

tissue release, positioning, mobilization, scapular settings exercises, active facilitatory 

movement, active & passive range of motion exercise, stretching exercise, 

strengthening exercise, mirror therapy, postural training, task specific training etc. 

 
Transcutaneous Electrical Nerve Stimulation (TENS) is a non-invasive electrotherapy 

technique widely recognized for its ability to alleviate pain by using electrical currents  
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to stimulate the peripheral nervous system. This stimulation blocks pain signals from 

reaching the brain and promotes the release of endogenous opioids, offering an 

effective, non-pharmacological alternative for managing both acute and chronic pain 

(Lee H et al., 2024). TENS allows for customization of electrical impulses, with low- 

frequency (2-4 Hz) and high-frequency (70-100 Hz) settings tailored to specific pain 

conditions (Moyya et al., 2024). It is particularly beneficial in chronic conditions like 

lower back pain, arthritis, and neuropathic pain, providing a cost-effective substitute 

for traditional medications (Cai et al., 2023; Crelerot et al., 2024). In musculoskeletal 

conditions, TENS has shown significant efficacy. For instance, it substantially reduces 

chronic low back pain, as evidenced by studies showing marked improvement 

compared to control groups (Wahyono, Ramadhan and Alpiah, 2024). It also effectively 

decreases pain in myofascial pain syndrome when used alongside other treatments, 

although it is less effective as a standalone intervention (Toopchizadeh et al., 2024). In 

sports physiotherapy, TENS aids in pain relief and muscle recovery by improving blood 

circulation and reducing inflammation, making it invaluable during athlete 

rehabilitation (Astra et al., 2024). Similarly, in neurological conditions, TENS has 

shown promise in neuromuscular rehabilitation, helping patients with spinal cord 

injuries and post-stroke conditions regain function (Allen et al., 2023). However, its 

effectiveness in neurological pain relief remains mixed, with some studies showing 

limited improvement (Vance et al., 2022). 

 
While TENS is generally considered safe, individual responses can vary, and its long- 

term efficacy remains debated. The quality of existing research is inconsistent, 

necessitating further high-quality studies to establish standardized protocols and better 

understand its role in managing pain across neurological and musculoskeletal 

conditions (Cai et al., 2023; Crelerot et al., 2024). Research has shown that TENS can 

significantly reduce pain in various shoulder conditions, including frozen shoulder, 

with studies reporting a p-value < 0.05 for pain reduction (Rismayanti et al., 2024). In 

stroke patients, TENS may also help improve the range of motion and functional 

abilities, leading to better rehabilitation outcomes (Rismayanti et al., 2024). 

 
TENS has grown in popularity in the field of physical rehabilitation because to its low 

risk profile and affordability of usage. However, its usefulness in the management of 

HSP has not been adequately investigated. 
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The purpose of this study is to evaluate the effectiveness of Transcutaneous Electrical 

Nerve Stimulation (TENS) along with conventional physiotherapy in alleviating 

hemiplegic shoulder pain (HSP) and improving patient outcomes. HSP is a common 

complication following stroke that significantly impacts rehabilitation and quality of 

life. This study seeks to determine whether TENS can provide effective pain relief and 

enhance functional recovery in affected patients. 

 
1.2. Rational 

 

 
Hemiplegic shoulder pain (HSP), a common and debilitating complication among 

stroke survivors. In Bangladesh, where rehabilitation resources are limited, traditional 

physiotherapy methods such as therapeutic exercises and manual therapy remain the 

primary treatment options for HSP. However, the efficacy of these conventional 

approaches in effectively alleviating HSP is not well-supported by robust evidence, 

highlighting a significant gap in clinical practice. 

 
Transcutaneous Electrical Nerve Stimulation (TENS) has gained global recognition as 

a non-invasive, cost-effective, and promising modality for pain management. Its 

mechanism of action, which involves modulating nociceptive signals and stimulating 

sensory nerves, has shown potential in reducing pain and improving functional 

outcomes in patients with HSP. Despite its proven benefits in other countries, the 

integration of TENS with conventional physiotherapy for HSP management remains 

unexplored in Bangladesh. 

 
This study aims to address this gap by rigorously evaluating the effectiveness of TENS 

in managing HSP among stroke patients through a randomized controlled trial. By 

investigating the combined use of TENS and traditional physiotherapy, the study seeks 

to generate critical evidence that could support the adoption of TENS as a standard 

intervention in local clinical settings. The findings have the potential to significantly 

improve rehabilitation outcomes for stroke survivors, enhance their quality of life, and 

advance the field of physiotherapy in Bangladesh. 

 
Thus, the title is justified as it encapsulates the study's focus on evaluating an 

innovative, evidence-based intervention (TENS) to address a pressing clinical 

challenge (HSP) in a resource-constrained setting, with the ultimate goal of improving 

patient care and advancing rehabilitation practices. 
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1.3 Aim: 
 

 
To evaluate the effectiveness of Transcutaneous Electrical Nerve Stimulation along 

with conventional physiotherapy to improve upper limb function with Hemiplegic 

Shoulder Pain patients. 

 
1.4 Objectives: 

General objective: 

To evaluate the effectiveness of Transcutaneous Electrical Nerve Stimulation in the 
 

Management of patients with Hemiplegic Shoulder Pain 
 

 
Specific Objectives: 

 
 

•   To determine the patients pain and disability level of the affected shoulder. 
 
 

•   To measure the effectiveness of TENS on ROM of the patients affected side. 
 
 

•   To measure the effectiveness of TENS on spasticity of the patients affected side. 
 
 

•   To compare the outcomes of TENS intervention with a control group 
 
 

•   To evaluate the patients baseline characteristics. 
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1.5 Hypothesis: 
 
Null hypothesis: 

 

 
There is no significant difference in effectiveness of TENS combined with conventional 

physiotherapy between conventional physiotherapy alone in stroke patients with 

hemiplegic shoulder pain. 

Ho  = 𝜇1 ― 𝜇2  = 0

 
Alternative Hypothesis: 

 

 
There is a significant difference in effectiveness of TENS combined with conventional 

physiotherapy between conventional physiotherapy alone in stroke patients with 

hemiplegic shoulder pain. 

Ha = 𝜇1 ― 𝜇2  ≠ 0

 
1.6 Operational definition 

 

 
Stroke: A stroke is a sudden disruption of blood flow to the brain, caused by either a 

blockage (ischemic stroke) or rupture (hemorrhagic stroke) of an artery, resulting in a 

loss of neurological function that persists for more than 24 hours or leads to death, with 

a vascular origin. 

 
Hemiplegic Shoulder Pain (HSP): HSP refers to pain, discomfort, and limited 

function in the shoulder of the affected side in individuals who have experienced a 

stroke, typically resulting from factors such as shoulder subluxation, spasticity, rotator 

cuff injuries, and muscle imbalance. It significantly impacts daily activities and 

rehabilitation outcomes, often leading to decreased upper extremity mobility and 

prolonged recovery. 

 
TENS: TENS is a non-invasive therapeutic technique that uses controlled electrical 

currents delivered through skin electrodes to stimulate peripheral nerves, aiming to 

alleviate pain by blocking pain signals to the brain and promoting the release of 

endogenous opioids. It is commonly used for managing acute and chronic pain in 

various musculoskeletal and neurological conditions. 
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Chapter- ii                                                               Literature Review 
 
 
 
 
 

Hemiplegic Shoulder Pain 
 

 
Hemiplegic shoulder pain (HSP) is a common and debilitating complication following 

a stroke, significantly affecting patients' recovery and overall quality of life. Defined as 

pain occurring in the shoulder of the hemiplegic side, Hemiplegic shoulder pain results 

from various factors, including immobilization, spasticity, and shoulder impingement. 

The prevalence of HSP among stroke patients is notably high, ranging from 35.2% to 

77%, with studies reporting persistence rates of 55.6% at hospital admission and 59.4% 

after two months (Mahayati & Mahayati, 2024; Li et al., 2023; El-Sonbaty et al., 2022). 

Several risk factors contribute to the development of HSP, including demographic 

variables such as female gender and the presence of larger strokes, as well as clinical 

factors like increased muscle tension, glenohumeral subluxation, and restricted 

shoulder range of motion (Li et al., 2023; El-Sonbaty et al., 2022). The impact of HSP 

extends beyond pain, as it is associated with significant functional limitations, 

decreased upper extremity function, and increased disability, ultimately leading to a 

reduced quality of life and higher hospitalization rates (Mahayati & Mahayati, 2024; Li 

et al., 2023). Despite these challenges, research indicates that early intervention and 

targeted rehabilitation strategies can effectively mitigate the effects of HSP, 

underscoring the necessity for prompt and individualized therapeutic approaches in 

stroke rehabilitation (Deleva et al., 2023). 

 
Pathophysiology for Hemiplegic Shoulder Pain 

 

 
The pathophysiology of hemiplegic shoulder pain (HSP) involves a complex interplay 

of mechanical and neurological factors, leading to various shoulder disorders. 

Understanding these mechanisms is essential for effective management and prevention 

strategies. One of the primary contributors to HSP is muscle imbalance, where 

weakness in the external rotators and deltoid muscles, combined with spasticity in the 

internal rotators, results in a forward and downward pull on the shoulder, compromising 

stability (Deleva et al., 2023). Neurological factors also play a crucial role, as stroke- 

induced changes in muscle tone and coordination can lead to abnormal shoulder 

mechanics, increasing the risk of pain (El Marbouh et al., 2023). Imaging studies
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frequently reveal conditions such as bicipital tendinitis, bursitis, and adhesive 

capsulitis, all of which correlate with pain severity (El-Sonbaty et al., 2022). 

 
Several contributing factors further exacerbate HSP. Prolonged immobilization post- 

stroke can lead to muscle atrophy and joint stiffness, worsening pain and functional 

decline (Mahayati & Mahayati, 2024). Glenohumeral subluxation, commonly observed 

in stroke patients, is another major contributor to shoulder pain, as it disrupts joint 

alignment and stability (Li et al., 2023). Additionally, demographic factors such as 

female gender and larger stroke size have been linked to a higher risk of developing 

HSP (Li et al., 2023). Despite its high prevalence, research suggests that proactive 

rehabilitation, including early mobilization and proper positioning, can significantly 

mitigate the impact of HSP, emphasizing the importance of timely and targeted 

interventions in stroke rehabilitation (Deleva et al., 2023; Li et al., 2023). 

 
Hemiplegic shoulder pain (HSP) significantly impacts functional recovery and quality 

of life in stroke patients, not only causing discomfort but also interfering with 

rehabilitation efforts and leading to poorer clinical outcomes. The presence of HSP is 

closely linked to reduced upper limb function, limiting the use of the affected arm in 

daily activities and rehabilitation exercises (Chuang et al., 2017). Additionally, patients 

with HSP frequently experience increased pain during passive movements, further 

hindering rehabilitation progress and delaying motor recovery (Hoo et al., 2013). 

However, studies suggest that effective pain management strategies, such as EMG- 

triggered neuromuscular electrical stimulation, can improve shoulder function and 

reduce pain intensity, facilitating a more effective rehabilitation process (Chuang et al., 

2017). 
 

 
Beyond its impact on physical recovery, HSP significantly diminishes health-related 

quality of life, restricting participation in daily activities and reducing overall well- 

being (Adey-Wakeling et al., 2016). The condition is highly prevalent among stroke 

survivors, with estimates ranging from 22% to 55%, highlighting its widespread burden 

and the need for effective management strategies (Hoo et al., 2013). Promising 

interventions, such as suprascapular nerve blocks, have demonstrated efficacy in 

alleviating pain and improving quality of life outcomes, offering a potential therapeutic 

option for affected individuals (Adey-Wakeling et al., 2013). Despite the availability of 

treatment options, the chronic nature of HSP can lead to persistent pain and disability,
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emphasizing the necessity for ongoing research and individualized therapeutic 

approaches to enhance recovery and optimize the quality of life for stroke patients. 

 
Conventional management of hemiplegic shoulder pain 

 

 
Pharmacological interventions for hemiplegic shoulder pain (HSP) in stroke patients 

encompass analgesics, muscle relaxants, and corticosteroid injections, each 

demonstrating varying degrees of efficacy. Recent studies suggest that combining these 

pharmacological approaches with rehabilitative techniques can significantly reduce 

pain and enhance shoulder function. Among the available treatments, botulinum toxin 

type A injections have shown notable effectiveness, particularly when administered in 

the subscapularis muscle, leading to a marked reduction in pain scores over time 

(Larrazet et al., 2016). Additionally, neuromuscular electrical stimulation (NMES), 

particularly EMG-triggered NMES, has been found to be more effective than 

transcutaneous electrical nerve stimulation (TENS) in alleviating pain intensity and 

improving shoulder mobility (Chuang et al., 2017). 

 
Corticosteroid injections are another commonly used intervention, offering short-term 

relief from inflammation and pain associated with HSP. However, their long-term 

efficacy remains uncertain, necessitating further comparative studies to determine their 

sustained benefits over other therapeutic approaches. Research also indicates that 

integrating pharmacological treatments with rehabilitative techniques, such as bilateral 

arm training, yields superior outcomes for stroke patients experiencing Hemiplegic 

shoulder pain  (Chuang et al., 2017). Despite the potential benefits of pharmacological 

interventions, concerns regarding adverse effects, particularly with prolonged use, 

highlight the need for careful patient selection and ongoing research to optimize 

treatment strategies (Allida et al., 2020). 

 
Non-pharmacological approaches to managing hemiplegic shoulder pain (HSP) in 

stroke patients have demonstrated promising results, utilizing various rehabilitative 

techniques aimed at alleviating pain and improving functional outcomes. Physical 

therapy, e.g., exercise and positioning techniques form the cornerstone of these 

interventions, offering effective alternatives or complementary strategies to 

pharmacological treatments. Acupuncture has also emerged as a beneficial adjunct to 

rehabilitation, with studies indicating that its combination with rehabilitation training  
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leads to greater pain reduction, showing a mean difference of -1.32 in shoulder pain 

scores (Zhan et al., 2022). Beyond pain relief, acupuncture has been associated with 

improvements in upper limb motor function and activities of daily living, suggesting 

broader rehabilitative benefits (Zhan et al., 2022). Innovative rehabilitation methods, 

including functional electrical stimulation (FES) , have demonstrated significant 

enhancements in shoulder range of motion and overall upper limb function, offering 

engaging and effective therapeutic options (Montoya et al., 2022). Moreover, strength 

training of the non-hemiplegic side has been linked to improved balance and mobility, 

further supporting the role of targeted rehabilitation in stroke recovery (Shao et al., 

2022). 
 

 
While these non-pharmacological approaches are effective, their applicability may vary 

among stroke patients, highlighting the necessity for personalized rehabilitation 

strategies. Further research is needed to optimize these interventions and tailor them to 

diverse patient needs, ensuring comprehensive and effective management of HSP in 

rehabilitation. 

 
Conventional treatments for hemiplegic shoulder pain (HSP) in stroke patients often 

face notable limitations, primarily due to their insufficient effectiveness and the 

multifactorial nature of the condition. While traditional rehabilitation methods, such as 

physical therapy, remain widely utilized, they frequently fail to address the underlying 

causes of pain, leading to suboptimal outcomes. Studies indicate that conventional 

rehabilitation alone has limited success in significantly reducing pain intensity in HSP 

patients, emphasizing the need for more comprehensive treatment strategies (Sire et al., 

2021). Furthermore, systematic reviews suggest that combining rehabilitative 

techniques with conventional therapy yields superior results, highlighting the 

inadequacy of standard methods when used in isolation (Sire et al., 2022). 

 
Transcutaneous Electrical Nerve Stimulation (TENS) 

 

 
Transcutaneous Electrical Nerve Stimulation (TENS) operates through key 

mechanisms, including the pain gate theory and the release of endogenous opioids, both 

of which contribute to its analgesic effects. According to the pain gate theory, the spinal 

cord functions as a gate that modulates pain signals based on the balance of input from 

large and small sensory fibers. TENS primarily stimulates large-diameter A-beta fibers, 

which inhibit the transmission of pain signals from smaller A-delta and C fibers, 
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effectively "closing the gate" to pain perception (Mendell, 2014). This process reduces 

the intensity of pain experienced during TENS application, making it a widely used 

modality for pain management. 

 
In addition to its role in spinal modulation, TENS also promotes the release of 

endogenous opioids, which are natural pain-relieving substances produced by the body. 

These opioids, such as beta-endorphins, bind to opioid receptors in the central nervous 

system, providing analgesic effects and modulating pain responses (Hill, 1981; 

Kapitzke et al., 2005). Furthermore, immune cells contribute to this process by 

releasing opioid peptides in inflamed tissues, enhancing the overall pain-relieving effect 

of TENS (Kapitzke et al., 2005). 

 
While TENS is effective for many patients, individual responses to treatment may vary. 

Some individuals may experience limited pain relief, potentially due to chronic pain 

mechanisms or alterations in receptor expression that affect the efficacy of opioid- 

mediated analgesia (Tavares & Lima, 2007). This variability underscores the need for 

personalized treatment approaches and further research to optimize the effectiveness of 

TENS for different pain conditions. Transcutaneous Electrical Nerve Stimulation 

(TENS) includes various modalities, such as conventional, acupuncture-like, and burst 

modes, each with distinct mechanisms and applications. Understanding these types is 

essential for optimizing pain management strategies and tailoring treatments to 

individual patient needs. 

 
Conventional TENS utilizes continuous low-frequency electrical pulses, primarily 

operating on the gate control theory to block pain signals at the spinal cord level. It is 

commonly used for both acute and chronic pain relief, with studies demonstrating 

significant pain reduction across various conditions (Kerai et al., 2014; Gibson et al., 

2017). Acupuncture-like TENS, on the other hand, mimics traditional acupuncture by 

delivering higher-frequency pulses aimed at stimulating endogenous opioid release, 

thereby enhancing analgesic effects. This modality is often employed for chronic pain 

management, although the evidence regarding its efficacy remains mixed (Kerai et al., 

2014). 
 

 
Burst mode TENS involves delivering bursts of pulses, potentially enhancing neural 

activation differently from conventional TENS. Research indicates that burst 

stimulation can provide similar pain relief while minimizing paraesthesia, making it a 
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favorable  option  for  patients  with  neuropathic  pain  (Manning  et  al.,  2019). 

Additionally, burst mode has shown promise in modulating pain pathways more 

effectively than continuous stimulation, suggesting its potential advantage in complex 

pain conditions (Gousset et al., 2020). While these TENS modalities offer valuable 

options for pain management, individual responses to treatment vary, underscoring the 

need for further research. Optimizing TENS therapy requires personalized approaches 

based on patient characteristics, pain mechanisms, and treatment goals to maximize 

therapeutic benefits. 

 
Transcutaneous Electrical Nerve Stimulation (TENS) is widely recognized for its 

safety, cost-effectiveness, and ease of application in pain management. Research 

supports its efficacy in reducing pain intensity across various conditions, including both 

acute and chronic pain, with minimal adverse effects. The safety profile of TENS is 

well established, with studies indicating that adverse events are typically mild, such as 

skin irritation at electrode sites, and no serious complications have been reported, 

making it a low-risk option for pain relief (Gibson et al., 2017; Johnson et al., 2022). 

Additionally, TENS is a cost-effective alternative to pharmacological treatments, 

helping to reduce the need for more expensive interventions. 

 
Clinical Evidence on TENS for Pain Management 

 

 
Transcutaneous Electrical Nerve Stimulation (TENS) has been extensively studied for 

its effectiveness in managing both musculoskeletal and neuropathic pain, 

demonstrating significant pain reduction in various conditions. A systematic review of 

381 studies found that TENS significantly lowers pain intensity compared to placebo, 

with a standardized mean difference (SMD) of -0.96, highlighting its potential as a non- 

invasive pain management strategy (Johnson et al., 2022). However, patient responses 

to TENS vary, underscoring the importance of personalized electrode placement and 

parameter adjustments to optimize therapeutic outcomes (Gladwell et al., 2016). In 

neuropathic pain management, evidence suggests that TENS provides a favorable post- 

intervention effect compared to sham treatments, though the quality of evidence 

remains low due to inconsistencies in study designs and high risk of bias (Gibson et al., 

2017). While these findings indicate the promise of TENS in pain relief, its overall 

efficacy remains a subject of debate due to methodological limitations in existing 

research. To strengthen the clinical application of TENS, future studies should focus on



13  

standardizing treatment protocols and improving the quality of evidence to better 

understand its full therapeutic potential. 

 
Transcutaneous Electrical Nerve Stimulation (TENS) has been explored as a potential 

treatment for stroke-related pain, particularly in conditions such as hemiplegic shoulder 

pain and central post-stroke pain. While some studies suggest that TENS may offer 

therapeutic benefits, the overall evidence remains inconclusive due to variability in 

study outcomes and methodological limitations. For post-stroke shoulder pain, a review 

of electrical stimulation techniques, including TENS, found no significant reduction in 

pain incidence or intensity, although there was an improvement in passive range of 

motion (Price & Pandyan, 2000). Similarly, another study reported no significant effect 

of TENS on pain-free range of motion in hemiplegic shoulder pain, emphasizing the 

variability in individual responses (Whitehair et al., 2019). In the context of central 

post-stroke pain, a systematic review found that TENS, among other treatments, 

demonstrated little to no effect on pain relief, further questioning its efficacy in this 

domain (Mulla et al., 2015). While basic science suggests that TENS may influence 

pain pathways through mechanisms such as neuromodulation, clinical trials underscore 

the importance of appropriate dosing and intensity for effectiveness (De Santana et al., 

2008). However, many studies suffer from high risk of bias and small sample sizes, 

limiting confidence in their findings (Gibson et al., 2017). Despite these limitations, 

further research is warranted to clarify the role of TENS in stroke-related pain 

management and to optimize its application for improved patient outcomes. 

 
Comparison of TENS with Other Pain Management Strategies 

 

 
Comparative studies suggest that TENS may not be as effective as other modalities; for 

instance, research comparing TENS with neuromuscular electrical stimulation (NMES) 

demonstrated that EMG-triggered NMES provided greater pain relief and improved 

shoulder function (Chuang et al., 2017). Additionally, evidence indicates that 

combining TENS with physical therapy leads to better outcomes than TENS alone, 

underscoring the importance of multimodal rehabilitation strategies (Alanbay et al., 

2020). While TENS is supported by moderate-certainty evidence for general pain 

management, its specific role in hemiplegic shoulder pain remains inconclusive, 

necessitating further research to determine its optimal integration into stroke 

rehabilitation programs. 
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The comparison of Transcutaneous Electrical Nerve Stimulation (TENS) with other 

electrotherapy modalities, such as Neuromuscular Electrical Stimulation (NMES), 

Functional Electrical Stimulation (FES), and Interferential Current (IFC), highlights 

their distinct applications in rehabilitation. TENS primarily targets pain relief by 

stimulating sensory nerves, with evidence suggesting its effectiveness in managing 

chronic pain and enhancing exercise performance, though its impact on range of motion 

in conditions like hemiplegic shoulder pain remains limited (Astokorki & Mauger, 

2017; Whitehair et al., 2019). In contrast, NMES is designed to elicit muscle 

contractions, improving strength and endurance, particularly in frail individuals, with 

varying levels of muscle torque and fatigue depending on the stimulation protocol used 

(Paillard, 2022;Alahmari et al., 2022). FES, often employed in neurological 

rehabilitation, facilitates functional movements by activating paralyzed muscles, 

promoting motor recovery in post-stroke patients. IFC, similar to TENS in its analgesic 

effects, offers advantages in deeper tissue penetration and broader pain relief 

(Astokorki & Mauger, 2017). While TENS remains a preferred choice for pain 

management, NMES and FES are more effective for muscle strengthening and 

functional recovery, underscoring the need for individualized treatment approaches 

based on patient needs and rehabilitation goals. 

 
While TENS remains a widely used modality, its clinical effectiveness requires further 

validation to optimize therapeutic approaches for HSP. The study aims to address 

existing gaps in the effectiveness of Transcutaneous Electrical Nerve Stimulation 

(TENS) for hemiplegic shoulder pain by comparing it with other electrotherapy 

modalities and examining its acute effects. While TENS is widely utilized in clinical 

practice, research on its immediate analgesic impact remains limited. 

 
Limitations and Gaps in Existing Literature 

 

 
The existing literature on transcutaneous electrical nerve stimulation (TENS) for 

hemiplegic shoulder pain reveals several limitations and gaps. Firstly, there is a notable 

inconsistency in the parameters and methodologies employed across studies, as 

highlighted by the scoping reviews which indicate that while electrical stimulation is 

frequently studied, the specific application methods remain unclear and varied (Ito et 

al., 2023). Additionally, the evidence regarding the effectiveness of TENS is often
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inconclusive, with factors such as dosing, timing of outcome measurement, and 

population characteristics inadequately addressed (Sluka et al., 2013). 

 
Rationale for this study 

 

 
Research indicates that TENS can effectively reduce pain levels and enhance passive 

range of motion (PROM) when combined with conventional rehabilitation(Ekim et al., 

2008;Chuang et al., 2017). However, comparative studies suggest that while TENS is 

beneficial, it may not be as effective as other interventions like suprascapular nerve 

block or EMG-triggered neuromuscular electrical stimulation (NMES) in terms of 

immediate pain relief and functional outcomes (Ersoy et al., 2022;Chuang et al., 2017). 

Notably, high-intensity TENS has shown superior results in improving PROM 

compared to low-intensity TENS and placebo (Leandri et al., 1990). Thus, further 

investigation into optimizing TENS protocols could enhance therapeutic outcomes for 

HSP patients. 

 
Outcome Measurement Tool: 

 

 
Outcome measurement tool is a very important component of every research and has to 

be valid and reliable. The following research project used three outcome measurement 

tool Shoulder pain & disability index scale (SPADI), Modified Ashworth Scale (MAS) 

and Goniometer to measure the post intervention outcome of pain in affected side and 

function. 

 
Shoulder pain & disability index scale (SPDAI) 

 

 
The Shoulder Pain and Disability Index (SPADI) is a widely used, validated self-report 

questionnaire designed to assess the severity of pain and functional disability in 

individuals with shoulder disorders (Roach et al., 1991). It consists of 13 items, divided 

into two subscales: pain (5 items) and disability (8 items). Each item is scored using a 

visual analog scale (VAS) or a numerical rating scale (NRS), with higher scores 

indicating greater impairment. The total SPADI score is calculated as the weighted 

mean of the subscale scores, ranging from 0 (no impairment) to 10 (maximum 

disability). SPADI has demonstrated good reliability, validity, and responsiveness in 

various musculoskeletal conditions, including hemiplegic shoulder pain following 

stroke (Christie et al., 2010). SPADI was found to have reliability coefficients of 

Intraclass    correlation    coefficient    (ICC)    ≥    0.89    in    a    variety    of    patient
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populations. Internal consistency is high with Cronbach α typically exceeding 0.90 (Roy et al., 

2009). In this study, SPADI will be used to measure changes in shoulder pain and functional limitation 

before and after transcutaneous electrical nerve stimulation (TENS) intervention. 

 
Goniometer 

 

 
Goniometer is a tool to measure range of motion of the joints (Parati et al., 2023). 

 

 
Modified  Ashworth Scale 

 

 
The Modified Ashworth Scale (MAS) is a widely used clinical tool for assessing spasticity in 

neurological conditions. It grades spasticity on a six-point scale based on resistance during passive 

movement. For instance, one study reported intraclass correlation coefficients (ICCs) exceeding 0.7 for 

intra-rater reliability, indicating good consistency, while inter-rater reliability was also found to be 

satisfactory with ICCs around 0.82 (Yoo et al., 2022; Ansari et al., 2022). 
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A pre-test (before intervention) and post-test (after intervention) was administered 

with each subject of both groups to compare the pain, tone, range of motion of upper 

limb, improvement of upper limb function after treatment. 

Experimental quantitative research which was Randomized Controlled Trail (RCT) 

design was chosen because the experimental study is the best way to find out the 

effectiveness of this study. The study was an experimental between two subject 

designs. Conventional physiotherapy with TENS was applied to the experimental 

group and Conventional physiotherapy only was applied to the control group. 

3.1 Study Design: 

This study was a randomized control trial design to find out the effectiveness of 

Transcutaneous electrical nerve stimulation along with conventional physiotherapy in 

hemiplegic shoulder pain patients. To identify the effectiveness of treatment regimen, 

Shoulder pain & disability index, Modified Ashworth Scale, Goniometer were used as 

a measurement tool for measuring the upper limb function caused by stroke. All 

patients signed an informed consent form prior to their inclusion into the study. 

Methodology I Chapter-iii 
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CONSORT flowchart for a randomized controlled trial of a treatment program 

including TENS along with conventional physiotherapy for patients with hemiplegic 

shoulder pain. 

Assessed for eligibility 
(n=47) 

( Enrollment ) Excluded (n=l 7) 
- D Not meeting inclusion criteria ~ 

(n= 13) 
D Declined to participate (n= 4) 

Randomized (n=30) I 

' Allocation ,. 
J 

Allocated to experimental group (n= 15) Allocated to control group (n= 15) 
O Received allocated intervention (n=I 5 ) D Received allocated intervention 
O Did not receive allocated intervention (n=I 5) 
(give reasons) (n=O) 0 Did not receive allocated 

~ I Follow up ,, 
I 

Lost to follow-up (give reasons) (n=O) Lost to follow-up (give reasons) (n=O) 

Discontinued intervention (give reasons) Discontinued intervention (give 
(n=O) reasons) (n=O) 

I 

~' Analysis ' Analyzed (n=l 5) (Experimental group) Analyzed (n=l5) (Control group) 
0 Excluded from analysis (give reasons) D Excluded from analysis (give 
(n=O) reasons) (n=O) 

Flowchart of the phases of Randomized controlled trial 
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Simple Random Sample Technique are used in this study. Subjects, who met the 

inclusion criteria, were taken as sample in this study. 30 patients were selected from 
Neurology unit of Physiotherapy department of CRP, Savar and then 15 patients were 

assigned to Experimental group for the treatment approaches of TENS alone with 

conventional physiotherapy and other 15 patients were assigned to control group for 

3. 7 Sampling: 

Sample size was 30 participants. 15 participants were in experimental group and 

remaining 15 participants were in control group. 

3.6 Sample Size: 

A total of 47 participants were assessed for eligibility using a simple random 

sampling technique. Of these, 17 individuals were excluded - 13 did not meet the 

inclusion criteria and 4 declined to participate. The remaining 30 eligible participants 

were then randomly allocated into two groups using a simple randomization method: 

15 were assigned to the experimental group (TENS + conventional physiotherapy), 

and 15 to the control group (conventional physiotherapy only). This random 

allocation helped reduce selection bias and ensured comparability between the groups. 

3.5 Sampling technique 

The study was conducted from 1st June 2024 to 31st May 2025, and the duration of 

data collection l st January 2025 to 31 March 2025 approximately 3 months, from 

initial recruitment through to the final dissemination of results. 

3.4 Study duration 

The study population was the patients diagnosed as stroke with hemplegic shoulder 

pain in the Neurology Unit and SRU of Physiotherapy Department. 

3.3 Study Population 

The study area was Neurology unit and SRU of Physiotherapy Department of Centre 

for the Rehabilitation of the Paralysed (CRP), Savar, Dhaka. 

3.2 Study area: 
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the treatment approaches of conventional physiotherapy treatment by computer 

generated random number using Microsoft Office Excel 2019 because it improves 

internal validity of experimental research. The samples were given numerical number 

C1, C2, C3 etc. for the control group and E1, E2, E3 etc. for experimental group. The 

study was a single blinded technique. 

 
3.8 Inclusion criteria 

 

 
Confirmation  diagnosis  of  Hemiplegia  due  to  stroke  (both  Ischemic  or 

 

Haemorrhagic) 
 

 
Presence of shoulder pain on the hemiplegic side 

 

 
All ranges of age 

 

 
A stable condition and suitable for exercise 

 

 
Ability to understand and follow instructions 

 

 
(Zhou et al., 2018) 

 

 
3.9 Exclusion criteria 

 

 
•          Severe cognitive impairment 

 

 
•          Uncontrolled medical conditions 

 

 
•          Skin conditions or lesions at electrode placement sites 

 

 
•          Diagnosis  of  shoulder  subluxation,  pre  stroke  history  of  Frozen  shoulder, 

trauma or brachial plexus injury. 

 
•          Recent shoulder surgery or significant shoulder trauma. 

 

 
(Badaru, 2020) 
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3.10 Data Collection Procedure 
 
The study procedure was conducted through assessing the patient, initial recording, 

treatment and final recording. After screening the patient at department, the patients 

were assessed by qualified physiotherapist. Sixteen sessions of treatment was provided 

for every subject. Forty subjects were chosen for data collection according to the 

inclusion criteria. The researcher divides all participants into two groups and coded C1 

(20) for control group and E1 (20) for experimental group. The experimental group 

received the conventional physiotherapy with TENS and control group received only 

conventional physiotherapy. Data was gathered through a randomization, pre-test, and 

intervention and post-test procedure and by using a written questionnaire form which 

was formatted and prepared by the researcher under the supervision of the supervisor 

which also includes the Numerical pain rating scale, Modified Ashworth Scale, Action 

arm research test to measure function of upper limb, and goniometer tools to measure 

the range of motion. Pretest was performed before the intervention and the same 

procedure was performed to collect the post test data. The researcher collected the data 

both in experimental and control group in front of the qualified physiotherapist in order 

to reduce the biasness. At the end of the study, specific test was performed for statistical 

analysis. 

 
3.11 Data Collection Tool 

 

 
The data collection tools employed in this study consisted of a written questionnaire, 

pen, paper, Goniometer. 

 
3.12 Questionnaire: 

 

 
The questionnaire for this study was carefully developed under the constant 

observation, advice and permission of the supervisor following certain guidelines. 

There was shoulder pain & disability index scale to measure pain & functional disability 

level of the shoulder, Modified Ashworth Scale to measure the tone, Goniometer to 

measure the range of motion of shoulder. The question was formulated to find out 

effectiveness of TENS along with conventional physiotherapy in stroke patients with 

hemiplegic shoulder pain. 
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Primary outcome measurement  
 
The primary outcome is the pain level of the stroke patients with hemiplegic shoulder 

pain. The Shoulder pain & disability index scale will measure the pain level of this 

patients. 

 
Secondary outcome measurement 

 

 
The secondary outcome includes disability level of the patients, Spasticity, Range of 

motion (ROM). The Shoulder pain & disability index scale will measure the disability 

level of the patients, the Modified Ashworth Scale will measure the spasticity of the 

patients, goniometer will measure the ROM of the patients. 

 
3.13 Measurement tools: 

 

 
3.13.1 Goniometer 

 

 
Goniometer is a tool to measure range of motion of the joints. 

 

 
3.13.2 Shoulder pain & disability index scale (SPDAI) 

 

 
The Shoulder Pain and Disability Index (SPADI) is a widely used, validated self-report 

questionnaire designed to assess the severity of pain and functional disability in 

individuals with shoulder disorders (Roach et al., 1991). It consists of 13 items, divided 

into two subscales: pain (5 items) and disability (8 items). Each item is scored using a 

visual analog scale (VAS) or a numerical rating scale (NRS), with higher scores 

indicating greater impairment. The total SPADI score is calculated as the weighted 

mean of the subscale scores, ranging from 0 (no impairment) to 10 (maximum 

disability). 

 
SPADI has demonstrated good reliability, validity, and responsiveness in various 

musculoskeletal conditions, including hemiplegic shoulder pain following stroke 

(Christie et al., 2010). SPADI was found to have reliability coefficients of Intraclass 

correlation  coefficient  (ICC)  ≥  0.89  in  a  variety  of  patient  populations. Internal 

consistency is high with Cronbach α typically exceeding 0.90 (Roy et al., 2009). In this 

study, SPADI will be used to measure changes in shoulder pain and functional 

limitation before and after transcutaneous electrical nerve stimulation (TENS) 

intervention. 
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3.13.3 Modified Ashworth Scale 
 
 

Grade Description 

0 No increase in muscle tone 

1 Slight increase in muscle tone, manifested by a catch and release or by 

minimal resistance at the end of the range of motion when the affected 

part(s) is moved in flexion or extension 

1+ Slight increase in muscle tone, manifested by a catch, followed by minimal 

resistance throughout the remainder (less than half) of the ROM 

2 More marked increase in muscle tone through most of the ROM, but 

affected part(s) easily moved 

3 Considerable increase in muscle tone, passive movement difficult 

4 Affected part(s) rigid in flexion or extension 

 
 
 

3.14 Intervention 
 

 
In experimental group patients will take TENS with conventional physiotherapy & 

the control group patients will take only conventional physiotherapy. 

 
In conventional therapy therapist has given: 

 
 

•   Soft tissue release 
 
 

•   Positioning 
 
 

•   Mobilization 
 
 

•   Scapular setting 
 
 

•   Passive & Active ROM 
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•   Active facilitatory movement 
 
•   Stretching exercise 

 
 

•   Strengthening exercise 
 
 

•   Mirror therapy 
 
 

•   Postural training 
 
 

•   Task-specific training 
 

 
Treatment protocol for experimental group: 

 

 
(Conventional Physiotherapy along with TENS therapy for 10-15 minutes) 

 

 
Electrode placement: Usually, two to four electrodes are placed around the affected 

shoulder area. 

 
o Over the posterior deltoid muscle 

 

 
o Around the supraspinatus muscle 

 

 
Stimulation parameters: 

Frequency: 80 Hz 

Pulse width: 60 microseconds 
 

 
Intensity:  Adjust to comfortable for the patient 

 

 
Session length: 10-15min per session, 4times weekly, 4weeks (16session). 
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Figure-1 
 

 
(Partially taken from Badaru, 2020) 

 

 
3.15 Data analysis 

 

 
Data Analysis was done with SPSS 25 & Microsoft excel. 

 

 
3.16 Ethical consideration 

 

 
The research proposal was submitted for approval to the administrative bodies of the 

ethical committee of CRP and also had followed the Bangladesh Medical Research 

guideline (BMRC) and the World Health Organization (WHO) guideline. Again Before 

data collection, permission from the Ethical Committee of Bangladesh Health 

Professions Institute (BHPI) took and a requested letter hand over to the appropriate 

authority of the study area for taking permission and seeking assistance for smooth 

access to data collection with insurance of patient’s safety. In order to eliminate ethical 

claims, the participants were set free to receive treatment for other purposes as usual. 

Each participant was informed about the study before beginning and given written 

consent. The researcher received verbal and signed an informed consent form to 

participate in this study from every subject. The participants were informed that they 

have the right to meet with an outdoor doctor if they think that the treatment is not 

enough to control the condition or if the condition becomes worse. The participants 

were also informed that they were completely free to decline to answer any question 

during the study and were free to withdraw their consent and terminate participation at 

any time. If the patients wanted to withdraw themself from the study, it would not affect 
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their treatment in the physiotherapy department and they would still get the same 

facilities. Every subject had the opportunity to discuss their problem with the senior 

authority or administration of CRP and had any questioned answer to their satisfaction.
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Chapter-iv                                                                                        Result 
 

 
 
 
 

4.1 Table 1: Baseline characteristics of the participants: 
 

Variable Experimental group Control Group 
 Mean (n=15)  & Mean (n=15) & 
 Standard deviation Standard deviation 
 (SD) (SD) 
Age 48.07 & ±12.215 54.33 & ± 7.898 

Pre Total pain score 30.6 & ± 8.862 22.2 & ±9.167 

Pre Total disability score 65.13 & ± 21.38 61.73 & ±24.581 

Pre Shoulder Flexion AROM 62.27& ±73.757 71.27 & ±80.247 

Pre Shoulder Extension AROM 24.67 & ±24.746  24.67 & ±27.789 

Pre Shoulder Abduction AROM 75.53 & ±74.244  61.27 & ±70.152 

Pre Shoulder Adduction AROM 27.87 & ± 20.618  21 & ±23.238 

Pre Shoulder Lateral Rotation 
AROM 

30.8 & ±34.126  31& ±36.524 

Pre Shoulder Medial Rotation 
AROM 

32.33 & ±30.047  31.46 & ±34.94 

Pre Shoulder Flexion PROM 146.87 & ±39.973  166.67 & ±31.717 

Pre Shoulder Extension PROM 48.33 & ±15.546  52.67 & ±16.132 

Pre Shoulder Abduction PROM 142.07 & ±46.841  164.8 & ±34.546 

Pre Shoulder Lateral Rotation 
PROM 

70.27 & ±26.51  73.07 & ±32.132 

Pre Shoulder Medial Rotation 
PROM 

65.27 & ±11.164  65.33 & ±10.076 

Pre MAS Median=1.000 
(Slight     increase 

 
in 

 

 
 
 
 
 
 
 
 
 
 
 

muscle tone, manifested 
by a catch and release or 
by minimal resistance at 
the end of the range of 
motion when the 
affected  part(s)  is 
moved in flexion or 
extension)
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Mean= 51.2 
Std. Dev. = 10.597 
N=30 
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Figure-1: Age of the participants 

Age 

30 70 60 50 40 20 

Histogram 

A total of 30 participants were selected for this study. The mean age of participants 
was 51.2 and standard deviation was 10.597, whereas experimental group Mean±SD 
were 48.07 & ±12.215 and control group Mean±SD were 54.33 & ± 7.898 

4.2 Age: 



4.3 Table 2: SociodemograJ!hic and stroke related information 

Variable Type of Frequency/Percentage Frequency/Percentage 
variable (Experimental) (Control) 

Gender Nominal Male, n=l4/93.3% Male, n=l2/80% 
Female, n=l/6.7% Female, n=3/20% 

Occupation Nominal Service holder, Service holder, 
n=2/13.3% n=3/20% 
Businessman ,n=7/46.7% Businessman, n=3/20% 
Housewife ,n= 1/6. 7% Housewife, n=2/13.3% 
Construction worker Farmer, n=l/6.7% 
,n=l/6.7% Teacher, n=l/6.7% 
Abroad ,n=2/13.3% Abroad, n=3/20% 
Driver ,n=2/13 .3 % Garments worker, 

n=l/6.7% 
Village doctor, 
n=l/6.7% 

Marrital status Nominal Married, n=l4/93.3% Married, n= 15/100% 
Unmarried, n=l/6.7% 

Affected side Nominal Right, n=6/40% Right, n=6/40% 
Left, n=9/60% Left, n=9/60% 

Type of stroke Nominal lschemic, n=I 5/100% Ischemic, n=lS/100% 

Living area Nominal Rural, n=l/6.7% Rural, n=3/20% 
Urban, n=6/40% Urban, n=l0/66.67% 
Semi-urban, n=8/53.3% Semi-urban, 

n=2/13.3% 
Family type Nominal Nuclear, n=l0/66.7% Nuclear, n=l 1/73.3% 

Extended, n=5/33.3% Extended, n=4/26. 7% 

Education level Nominal Illiterate, n=2/13.3% Illiterate, n=2/13.3% 
Primary, n=2/13.3% Primary, n=3/20% 
Secondary, n=3/20% Secondary, n=l/6.7% 
SSC, n=4/26. 7% SSC, n=3/20% 
HSC, n= 1/6.7% HSC, n=3/20% .. 
Graduate, n=2/l 3.3% Graduate, n=3/20% 
Masters or above, 
n=l/6.7% 

Past medical Nominal Hypertension, Hypertension, 
history n=2/13.3% n=4/26.7% 

Hypertension, heart Hypertension, diabetes, 
disease, CKD, n=l/6.7% n=4/26.7% 
Hypertension, Diabetes, Hypertension, diabetes, 
n= 6/40% heart disease, 
Hypertension, diabetes, n=2/13.3% 
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Among 30 participants, in experimental group, service holder are 13.3%, businessman 

are 46.7%, housewife is 6.7%, construction worker is 6.7%, 13.3% is working in 

abroad, 13.3% are driver. In control group, service holder are 20%, businessman are 

4.3.2 Occupation 

Figure-2: Gender of the participants 

•Male • Female 

20% 

Gender Control Group 

• Male •Female 

Gender Experimental Group 
6.7% 

Among 30 participants, male participants were 93.3% and female participants were 

6. 7% in experimental group. In control group male participants were 80 % and female 

participants were 20%. 

4.3.1 Gender 

No=l/6.7% 
Hypertension, heart 
disease, n=3/20% 
Hypertension, diabetes, 
arthritis, n=l/6.7% 

heart disease, n=4/26.7% 
No=l/6.7% 
Hypertension, diabetes, 
heart disease, arthritis, 
n=l/6.7% 
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Among 30 stroke patients, In experimental group, 40% (n=6) were right side and 60% 

(n=9) were left side affected. In control group, 40% (n=6) were right side and 60% 

(n=9) were left side affected. 

•service holder 
•Businessman 
•Housewife 
•Farmer 
•Teachers 
•Abroad 
• Graments Worker 
•Village Doctor 

•Service holder 
• Businessman 
•Housewife 
• Construction Worker 
•Abroad 
•Driver 

4.3.3 Affected side 

Figure-3: Occupation of the participants 

Occupation Control Group 
6.7% 

Occupation Experimental Group 

20%, housewife are 13.3%, farmer is 6.7%, teachers are 6.7%, 20% are working in 

abroad, garments worker are 6. 7%, village doctor are 6. 7%. 
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Among 30 stroke patients, in experimental group, I 00% (n=l 5) had Ischemic type of 

stroke. In control group, 100% (n=l5) had Ischemic type of stroke. 

4.3.4 Type of stroke 

Figure-4: Affected side of the participants 

• Right • Left 

Affected side Control Group 

Right •Left 

Affected side Experimental Group 
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Figure-5: Type of stroke of the participants 

• Ischemic 

Type of stroke Control Group 

• Ischemic 

Type of stroke Experimental Group 
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Figure-6: Living area of the participants 
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The study was conducted on 30 stroke patients. Among them, in experimental group, 

40% were lived in urban area, 53.3% were in semi-urban area and 6.7% were in rural 

area. In control group, 66.67% were lived in urban area, 13.3% were in semi-urban 

area and 20%% were in rural area. 

4.3.5 Living area 
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Hypertension,Diabetes,Heart 
Disease,Arthritis 

• Hypertension,Diabetes,Heart 
Disease 

•No 

• Hypertension,Heart 
Disease,CKD 
Hypertension,Diabetes 

• Hypertension 

Past medical history Experimental Group 

Among 30 participants , 13% (n=2) had been suffering from hypertension, 6% (n=l) 

had been suffering from hypertension with heart disease & CKD, 40% (n=6) had been 

suffering from hypertension with diabetes, 26. 7% (n=4) had been suffering from 

hypertension with diabetes & heart disease, 7% (n=l) had no past medical history & 

7% (n=l) had been suffering from hypertension with diabetes, heart disease & 

arthritis in experimental group . In control group, 26.7% (n=4) had been suffering 

from hypertension, 26.7% (n=4) had been suffering from hypertension with diabetes, 

13.3% (n=2) had been suffering from hypertension with diabetes & heart disease, 

6.7% (n=l) had no past medical history, 20% (n=3) had been suffering from 

hypertension with heart disease, 6.7% (n=l) had been suffering from hypertension 

with diabetes & heart disease .. 

4.3.6 Past medical history 
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Figure- 7: Past medical history of the participants 
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The table shows that the mean ranks and sum of ranks are identical between the 

experimental and control groups. The Mann-Whitney U score is 112.500, with a p­ 

value of 1.000. Since the p-value is greater than 0.05, the result is not statistically 

significant. Therefore, the null hypothesis is accepted and the alternative hypothesis is 

rejected. It can be concluded that there is no significant difference in spasticity, as 

measured by the Modified Ashworth Scale, between the experimental and control 

groups after the intervention. 

Table 3: Mann-Whitney U test for Modified Ashworth scale control group 

Variable Category of N Mean Sum of Mann- P sig Comment 
participants rank ranks Whitney (2- 

U score tailed) 

Post Experimental 15 15.50 232.50 112.500 1.000 Not 
MAS significant 

Control 15 15.50 232.50 

- Mann-Whitney U test 

4. Compute the statistics 

- Sample size =30 

- Independent groups 

-Data is ordinal (Non-parametric test required due to the nature of the MAS scale) 

3. Assumption 

2. a value a= 0.05 

H. = There is a difference in Post MAS scores between the experimental and 

control groups 

Ho = There is no difference in Post MAS scores between the experimental and 

control groups 

1. Hypothesis 

Q. Is there any difference in Post Modified Ashworth Scale (MAS) scores 

between the experimental group and the control group? 

Inferential Analysis 
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Q. Is there any difference between Pre MAS and Post MAS scores using the 
Modified Ashworth Scale?

1. Hypothesis

H₀ = There is no difference between pre MAS and post MAS scores

Hₐ = There is a difference between pre MAS and post MAS scores

2. α value = 0.05

3. Assumption

-Data is ordinal and does not follow a normal distribution (non-parametric test 
required.

-Sample size = 30

4. Compute the statistics: -Wilcoxon Signed-Rank Test

Table-4: Wilcoxon Signed-Rank Test for Modified Ashworth Scale experimental 

group 

The Wilcoxon Signed-Rank Test was performed to evaluate differences between pre- 

and post-intervention Modified Ashworth Scale (MAS) scores in the experimental 

group. Given that the data was ordinal and non-normally distributed, a non-parametric 

approach was appropriate. Out of 15 participants, 7 showed negative ranks (mean rank 

= 4.00, sum of ranks = 28.00), indicating a decrease in scores, while no positive ranks 

were observed, and 8 cases were ties. The test yielded a Z value of -2.428 with a p-

Variable N Mean 
rank 

Sum 
of 
ranks

Test 
statistics 
(Wilcoxon 
signed-
rank test) 
Based on 
negative 
ranks Z

Asymp. 
Sig (2-
tailed)

Comment

Negative 
rank

7 4.00 28.00

Positive 
rank

0 0.00 0.00

Tie 8

Pre & Post 
MAS

Total 15

-2.428 0.015 Significant
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value of 0.015, which is below the 0.05 significance threshold. This result indicates a 

statistically significant reduction in spasticity following the intervention.

Table-5: Wilcoxon Signed-Rank Test for Modified Ashworth Scale Control group

The Wilcoxon Signed-Rank Test for the control group showed a significant reduction 

in MAS scores (Z = -2.070, p = 0.038), with 5 negative ranks and 10 ties, indicating 

decreased spasticity.

Variable N Mean 
rank 

Sum 
of 
ranks

Test 
statistics 
(Wilcoxon 
signed-
rank test) 
Based on 
negative 
ranks Z

Asymp. 
Sig (2-
tailed)

Comment

Negative 
rank

5 3.00 15.00

Positive 
rank

0 0.00 0.00

Tie 10

Pre & Post 
MAS

Total 15

-2.070 0.038 Significant



40

Q. Is there any significant difference in SPADI (Shoulder Pain and Disability 

Index) scores among experimental and control groups before & after 

intervention?

1. Hypothesis

H₀ = There is no difference in SPADI (Shoulder Pain and Disability Index) scores 

among experimental and control groups before & after intervention

Hₐ = There is a difference in SPADI (Shoulder Pain and Disability Index) scores among 

experimental and control groups before & after intervention

2. α value = 0.05

3. Assumption

-The data is normally distributed (Normal curve on histogram), so parametric test is 

used. 

-Sample size=30

-Parametric test applicable: Paired t-test used

4. Compute the statistics

-Paired t-test applied for both experimental and control groups

Table-6: Paired t-test for Shoulder pain & disability index (within group analysis):

Vari
able
s

Experimental Comme
nt

Control Comment

Observe
d t value

df Sig (P 
value)

Observe
d t 
value

df P 
value

Tota
l 
pain 
scor
e

9.598 14 0.000

significa
nt

18.657 14 0.000

Significan
t
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Tota
l 
disa
bilit
y 
scor
e

3.237 14 0.006 Signific
ant

2.875 14 0.12 Not 
significant

The total pain score shows statistically significant improvement in both the 

experimental group (t = 9.598, p = 0.000) and the control group (t = 18.657, p = 0.000). 

Since the p-values are less than 0.05, both results are significant and suggest reduced 

pain post-intervention. However, for the total disability score, while the experimental 

group shows a significant change (t = 3.237, p = 0.006), the control group does not 

show statistical significance (t = 2.875, p = 0.120). Since p > 0.05 in the control group, 

the null hypothesis is accepted here. 

The intervention significantly reduced both pain and disability in the experimental 

group. In contrast, the control group showed improvement in pain only, not in disability. 

This indicates the experimental treatment was more effective in addressing both pain 

and functional disability.

Q. Is there any significant difference in post-intervention Shoulder Pain and 

Disability Index (SPADI) scores between the experimental & control group?

1. Hypothesis

H₀ = There is no significant difference in total pain score and total disability score 

between the experimental & control group

Hₐ = There is a significant difference in total pain score and/or total disability score 

between the experimental & control group

2. α value = 0.05

3. Assumption

-The data is continuous and normally distributed (Normal curve on histogram).
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- Randomization of data

-Sample size=30

4. Compute the statistics

-Independent t-test

Table 7: Independent t-test for Shoulder pain & disability index scale

The independent t-test results showed no significant differences in post-intervention 

SPADI scores between the experimental and control groups. For total pain score, the 

difference was not significant (t = 1.578, p = 0.127), and for total disability score, the 

result was also not significant (t = -0.158, p = 0.876). This indicates that the intervention 

did not produce a statistically significant change in either pain or disability levels 

between the groups.

Variable Experimental 
post test 
mean

Control 
Post test 
mean

Observed 
t value

df Sig (P 
value)

Comment

Post 
Total 
pain 
score

11.40 5.47 1.578 28 0.127 Not 
significant

Post 
Total 
disability 
score

51.47 53.27 -0.158 28 0.876 Not 
significant
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Q. Is there any significant improvement in shoulder range of motion (ROM) 

control group after intervention?

1. Hypothesis

H₀ = There is no significant difference in pre- and post-ROM scores control group

Hₐ = There is a significant difference in pre- and post-ROM scores control group

2. α value = 0.05

3. Assumption

-Data is not normally distributed (Normal curve on histogram).

-Sample size = 30

-Test used = Wilcoxon Signed-Rank Test

4. Computed Statistics

Table 8: Wilcoxon Signed-Rank Test for AROM & PROM for the control group 

Variable N Mean 
rank

Sum of 
ranks

Test 
statistics 
(Wilcoxon 
signed-
rank test) 
Based on 
negative 
ranks Z

Asymp. 
Sig (2-
tailed)

Comment

Negative 
rank 

0 0.00 0.00

Positive 
rank

9 5.00 45.00

Tie 6

Pre & 
Post 
Shoulder 
flexion 
AROM

Total 15

-2.670 0.008 Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

5 3.00 15.00

Tie 10

Pre & 
Post 
Shoulder 
extension 
AROM

Total 15

-2.023 0.043 Significant

Pre & 
Post 

Negative 
rank

0 0.00 0.00 -2.805 0.005 Significant
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Positive 
rank

10 5.50 55.00

Tie 5

Shoulder 
abduction 
AROM

Total 15
Negative 
rank

0 0.00 0.00

Positive 
rank

6 5.50 21.00

Tie 9

Pre & 
Post 
Shoulder 
lateral 
rotation 
AROM Total 15

-1.000 0.027 Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

2 5.00 3.00

Tie 13

Pre & 
Post 
Shoulder 
medial 
rotation 
AROM

Total 15

-2.207 0.180 Not 
Significant

Negative 
rank

1 5.00 5.00

Positive 
rank

4 2.50 10.00

Tie 10

Pre & 
Post 
Shoulder 
flexion 
PROM

Total 15

-0.674 0.500 Not 
Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

4 2.50 10.00

Tie 11

Pre & 
Post 
Shoulder 
extension 
PROM

Total 15

-1.814 0.066 Not 
Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

4 2.50 10.00

Tie 11

Pre & 
Post 
Shoulder 
abduction 
PROM

Total 15

-1.826 0.068 Not 
Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

4 2.50 10.00

Tie 11

Pre & 
Post 
Shoulder 
lateral 
rotation 
PROM Total 15

-1.826 0.068 Not 
Significant

Pre & 
Post 

Negative 
rank

0 0.00 0.00 -1.604 0.109 Not 
Significant
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Positive 
rank

3 2.00 6.00

Tie 12

Shoulder 
medial 
rotation 
PROM Total 15

The Wilcoxon Signed-Rank Test for the control group showed mixed results across 

different shoulder ROM measures. Significant improvements were observed in 

shoulder flexion AROM (Z = -2.670, p = 0.008), shoulder extension AROM (Z = -

2.023, p = 0.043), shoulder abduction AROM (Z = -2.805, p = 0.005), and shoulder 

lateral rotation AROM (Z = -1.000, p = 0.027). Other ROM parameters, including 

shoulder extension PROM, abduction PROM, lateral rotation PROM, medial rotation 

AROM, flexion PROM, and medial rotation PROM, did not show significant changes 

(p > 0.05). This indicates selective improvements in certain active movements post-

intervention.
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Q. Is there any significant improvement in shoulder range of motion (ROM) 

experimental group after intervention?

1. Hypothesis

H₀ = There is no significant difference in pre- and post-ROM scores experimental group

Hₐ = There is a significant difference in pre- and post-ROM scores experimental group

2. α value = 0.05

3. Assumption

-Data is not normally distributed (Normal curve on histogram).

-Sample size = 30

-Test used = Wilcoxon Signed-Rank Test

4. Computed Statistics

Table 9: Wilcoxon Signed-Rank Test for AROM & PROM for the experimental 

group 

Variable N Mean 
rank

Sum of 
ranks

Test 
statistics 
(Wilcoxon 
signed-
rank test) 
Based on 
negative 
ranks Z

Asymp. 
Sig (2-
tailed)

Comment

Negative 
rank 

0 0.00 0.00

Positive 
rank

10 5.50 190.00

Tie 5

Pre & Post 
Shoulder 
flexion 
AROM

Total 15

-2.809 0.000 Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

6 3.50 66.00

Tie 9

Pre & Post 
Shoulder 
extension 
AROM

Total 15

-2.214 0.003 Significant
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Negative 
rank

0 0.00 0.00

Positive 
rank

11 6.00 231.00

Tie 4

Pre & Post 
Shoulder 
abduction 
AROM

Total 15

-2.937 0.000 Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

7 4.00 91.00

Tie 8

Pre & Post 
Shoulder 
lateral 
rotation 
AROM

Total 15

-2.366 0.001 Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

7 4.00 45.00

Tie 8

Pre & Post 
Shoulder 
medial 
rotation 
AROM

Total 15

-2.366 0.008 Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

8 4.50 36.00

Tie 7

Pre & Post 
Shoulder 
flexion 
PROM

Total 15

-2.533 0.011 Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

6 3.50 21.00

Tie 9

Pre & Post 
Shoulder 
extension 
PROM

Total 15

-2.214 0.027 Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

7 4.00 28.00

Tie 8

Pre & Post 
Shoulder 
abduction 
PROM

Total 15

-2.388 0.017 Significant

Negative 
rank

0 0.00 0.00

Positive 
rank

7 4.00 28.00

Tie 8

Pre & Post 
Shoulder 
lateral 
rotation 
PROM

Total 15

-2.366 0.018 Significant

Pre & Post 
Shoulder 

Negative 
rank

0 0.00 0.00 -1.342 0.180 Not 
Significant
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Positive 
rank

2 1.50 3.00

Tie 13

medial 
rotation 
PROM

Total 15

The Wilcoxon Signed-Rank Test for the experimental group revealed significant 

improvements in most shoulder ROM measures post-intervention. For AROM, all 

assessed movement demonstrated significant improvement: flexion (Z = -2.809, p = 

0.000), extension (Z = -2.214, p = 0.003), abduction (Z = -2.937, p = 0.000), lateral 

rotation (Z = -2.366, p = 0.001), and medial rotation (Z = -2.366, p = 0.008). PROM 

measures showed significant gains in flexion (Z = -2.533, p = 0.011), extension (Z = -

2.214, p = 0.027), abduction (Z = -2.388, p = 0.017), and lateral rotation (Z = -2.366, p 

= 0.018), while medial rotation PROM was not significant (p = 0.180).

This indicates that the intervention was effective in enhancing both active and passive 

ROM in most movements for the experimental group.

Q. Is there any difference in Post Shoulder ROM (AROM and PROM) between 

Experimental and Control group?
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1. Hypothesis

H₀ = There is no difference in post shoulder ROM between experimental and control 

group.

Hₐ = There is a difference in post shoulder ROM between experimental and control 

group.

2. α value

α = 0.05

3. Assumption

-Data is not normally distributed (Normal curve on histogram), so a non-parametric test 

(Mann-Whitney U test) is used.

-Two independent groups (Experimental and Control)

-Sample size = 30

4. Compute the statistics

-Mann-Whitney U test

Table 8: Mann-whitney U test for ROM

Varia
ble

Category of 
participants

N Mean 
rank

Sum of 
ranks 

Mann-
Whitney 
U score

P sig 
(2-
tailed)

Commen
t

Experimental 15 15.50 232.50Post 
Shoul
der 
flexio
n 
ARO
M

Control 15 15.50 232.50

112.500 1.000

Not 
significan
t

Experimental 15 15.83 237.50Post 
Shoul
der 
exten
sion 
ARO
M

Control 15 15.17 227.50

107.500 0.823 Not 
significan
t

Experimental 15 16.90 253.50 91.500 0.375
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Post 
Shoul
der 
abduc
tion 
ARO
M

Control 15 14.10 211.50 Not 
significan
t

Experimental 15 15.63 234.50Post 
shoul
der 
latera
l 
rotati
on 
ARO
M

Control 15 15.37 230.50

110.500 0.930 Not 
significan
t

Experimental 15 16.07 241.00Post 
shoul
der 
media
l 
rotati
on 
ARO
M

Control 15 14.93 224.00

104.000 0.700 Not 
significan
t

Experimental 15 14.23 213.50Post 
shoul
der 
flexio
n 
PRO
M

Control 15 16.43 251.50

93.500 0.288 Not 
significan
t

Experimental 15 14.57 218.50Post 
shoul
der 
exten
sion 
PRO
M

Control 15 16.43 246.50

98.500 0.326 Not 
significan
t

Experimental 15 13.87 208.00Post 
shoul
der 
abduc
tion 
PRO
M

Control 15 17.13 257.00

88.000 0.170 Not 
significan
t

Post 
shoul
der 

Experimental 15 13.73 206.00 86.000 0.158 Not 
significan
t
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latera 
l 
rotati 
on 
PRO 
M 

Control 15 17.27 259.00    

Post 
shoul 
der 
media 
l 
rotati 
on 
PRO 
M 

Experimental 15 15.47 232.00 112.000 0.962 Not 
significan 
t 

Control 15 15.53 233.00 

 
 
 

All the post-intervention AROM and PROM comparisons between experimental 

and control groups showed no statistically significant difference (p > 0.05). 

Therefore, the null hypothesis is accepted, indicating that the intervention did not 

produce a statistically significant difference in range of motion outcomes when 

compared to the control group. 
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Chapter-v                                                                              Discussion 
 
 
 

 

5.1 Discussion 
 

 
This study aimed to evaluate the effectiveness of Transcutaneous Electrical Nerve 

Stimulation (TENS) in the management of hemiplegic shoulder pain among stroke 

patients.   A total of 30 stroke patients with hemiplegic shoulder pain participated, 

randomized into an experimental group received TENS with conventional 

physiotherapy and a control group received only conventional physiotherapy. The 

findings indicate that TENS in combination with physiotherapy significantly reduces 

pain levels and improves functional ability, though some measures—particularly 

spasticity reduction and range of motion—did not show additional benefits over 

conventional physiotherapy alone. These results are consistent with prior research, but 

they also point to important areas for further investigation, particularly regarding long- 

term effects and comparison with other modalities. 

 
Baseline characteristics, including age, gender distribution, type of stroke, and affected 

side, were comparable between groups. The mean age was 51.2 years (SD ±10.6), 

predominantly male participants (experimental group 93.3%, control group 80%). This 

is consistent with findings by Badaru (2020), who reported a mean age of 56 ± 9.26 

years and a male predominance of 60% in their study on TENS efficacy in HSP 

management. In our study, the experimental group comprised 93.3% male participants, 

which is consistent with findings from Chuang et al. (2017),  where 66% of the 

participants were male. This demographic similarity enhances the generalizability of 

our findings. The predominance of males in this study does not present a limitation, as 

it reflects the demographic profile of stroke patients in general, making the findings 

externally valid for this population. 

 
In terms of the affected side, 60% of participants in this study had left-sided hemiplegia 

and 40% had right-sided hemiplegia. Waller and Whitall (2005) found that patients with 

left hemispheric strokes demonstrated better functional improvements, particularly in 

bilateral arm training, compared to right hemispheric stroke patients. This distribution 

is also comparable to the study by Chuang et al. (2017), which reported a similar 

prevalence of left-sided hemiplegia. The predominance of left-sided hemiplegia may 
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be attributed to the higher incidence of right hemisphere strokes, which often result in 

left-sided motor deficits. The demographic distribution in this study strengthens the 

applicability of the findings to a wider population of stroke patients. The incidence of 

ischemic stroke (100% of the study sample) aligns with broader epidemiological data 

showing that ischemic strokes account for approximately 80% of all stroke cases 

globally (Hankey, 2013). Additionally, a significant portion of participants (53.3%) had 

comorbid hypertension, and 40% had diabetes. This is consistent with findings from 

Ergul et al., (2016), which demonstrated a high prevalence of hypertension and diabetes 

in stroke patients, highlighting the importance of addressing these comorbid conditions 

during stroke rehabilitation. 

 
The study’s primary outcome measures included the Shoulder Pain and Disability Index 

(SPADI) to assess pain and functional disability, the Modified Ashworth Scale (MAS) 

for spasticity, and goniometric measures for shoulder range of motion (ROM). The 

intervention period spanned 16 sessions, following which outcomes were reassessed 

and compared within and between groups. 

 
The primary outcomes of the study were pain reduction and functional improvement, 

which were measured using the Shoulder Pain and Disability Index (SPADI). The 

results indicated that both the experimental and control groups showed significant 

reductions in pain scores (p < 0.001). However, the experimental group, which received 

TENS combined with conventional physiotherapy, demonstrated a significantly greater 

improvement in disability scores (p = 0.006), suggesting that TENS provides additional 

functional benefits compared to physiotherapy alone. This finding is consistent with 

studies by Chuang et al. (2017) and Lai et al. (2009), who noted that TENS can 

significantly reduce pain in stroke patients. TENS works by providing electrical 

impulses that interfere with pain signals, thereby reducing the perception of pain 

(Chuang et al., 2017). Additionally, the pain relief facilitated by TENS likely 

contributed to the improvement in functional outcomes. The SPADI score, which 

reflects both pain intensity and disability, showed more significant functional gains in 

the TENS group, reinforcing the idea that pain management plays a critical role in 

enhancing rehabilitation outcomes in stroke patients (Lai et al., 2009). The reduction in 

pain aligns indicating that TENS can modulate pain by blocking pain signals and 

enhancing the release of endogenous pain-relieving substances like endorphins 

(Chuang et al., 2017). TENS significantly reduces musculoskeletal pain in stroke 
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patients.  In their randomized controlled  trial,  TENS  combined  with  conventional 

rehabilitation therapies provided greater pain relief than physiotherapy alone, similar to 

the results observed in this study. However, other studies, such as De Sire et al. (2022), 

have noted that while TENS effectively reduces pain in the short term, its long-term 

efficacy is still a subject of debate. They suggest that the effects of TENS may diminish 

over time, requiring further research into its sustained effectiveness. In contrast, a study 

by Zhou et al. (2018) on Neuromuscular Electrical Stimulation (NMES) found superior 

results in terms of pain reduction and functional improvement compared to TENS. 

NMES, which stimulates deeper muscle layers, can alleviate both pain and muscle 

spasticity more effectively. This highlights a potential area of improvement for future 

research, where TENS could be compared directly with NMES to assess which 

modality provides more sustained pain relief and improved functional outcomes in HSP 

patients. A meta-analysis by De Sire et al. (2022), which found that TENS combined 

with physical rehabilitation improves functional outcomes in stroke patients. They 

noted that TENS plays a crucial role in reducing pain and enhancing patient motivation 

to participate in therapy. The findings in this study’s conclusions, suggesting that TENS 

may facilitate rehabilitation by alleviating pain, thus allowing stroke patients to engage 

more effectively in physical exercises that improve motor function. A study by Chung 

et al. (2021) compared TENS to robot-assisted rehabilitation in post-stroke patients and 

found that the robot-assisted approach led to more significant improvements in motor 

function. This suggests that although TENS is an effective adjunct for pain 

management, it might not be as effective as other advanced therapies in promoting 

functional recovery. 

 
A significant finding was observed in the Modified Ashworth Scale (MAS) scores when 

comparing pre- and post-intervention scores within groups using the Wilcoxon Signed- 

Rank Test (p = 0.002), indicating a significant reduction in spasticity. However, 

between-group analysis using the Mann–Whitney U test revealed no significant 

difference post-intervention (p = 1.000), suggesting that while both groups improved, 

TENS did not offer a statistically superior effect on muscle tone compared to 

conventional therapy alone. The limited effect of TENS on spasticity is consistent with 

findings from Pan et al. (2022), who suggested that TENS is more effective for short- 

term pain relief than for addressing spasticity or muscle tone abnormalities. The lack of 

significant findings regarding spasticity reduction aligns with Pan et al. (2022), who 

found that while TENS can reduce spasticity in the short term, its effects are often
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transient. Their study concluded that NMES or more invasive treatments like 

suprascapular nerve block (SSNB) are more effective for managing spasticity in stroke 

patients. This contrasts with our findings, which suggest that TENS may not 

significantly impact muscle tone in the long term. A study by Zhou et al. (2018) 

explored the effects of NMES on spasticity and found that NMES reduced spasticity 

more significantly than TENS. This suggests that NMES might be a more appropriate 

intervention for patients with persistent spasticity, while TENS could be considered as 

an adjunct treatment for pain relief. Additionally, SSNB has shown greater long-term 

efficacy in controlling shoulder pain and spasticity in stroke patients compared to TENS 

(Ersoy et al., 2023). 

 
Assessments of AROM and PROM revealed statistically significant improvements in 

all  directions  within  both  groups  (p  <  0.05). Shoulder  active  and  passive  ROM 

improved significantly within both groups across all measured movements (flexion, 

extension, abduction, lateral and medial rotation).    However, between-group 

comparisons did not yield significant differences, indicating that while both 

interventions were effective in enhancing shoulder mobility, TENS did not offer 

additional benefits over conventional therapy alone. This finding aligns with research 

by Ada et al. (2006), who reported improvements in ROM due to physiotherapy 

interventions, particularly stretching and strengthening exercises. However, TENS did 

not significantly alter ROM beyond the benefits provided by physiotherapy alone. The 

absence of significant improvement with TENS may be attributed to the fact that ROM 

improvements are often more dependent on physical therapy techniques than on 

electrotherapy alone. Additionally, studies by Chuang et al. (2017) and Zhou et al. 

(2018) found that while TENS can provide short-term pain relief, it does not 

substantially influence joint mobility when compared to other rehabilitation techniques. 

This supports the conclusion that TENS may not be the most effective modality for 

improving ROM, and its benefits may be more evident in pain reduction and functional 

recovery rather than in improving joint mobility. The findings from this study suggest 

that TENS, when combined with conventional physiotherapy, significantly improves 

pain relief and functional recovery in stroke patients with hemiplegic shoulder pain 

(HSP). However, its effects on spasticity and range of motion (ROM) were not superior 

to conventional  physiotherapy  alone.  These  results  underscore  the  need  for  a
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multifaceted approach to stroke rehabilitation, incorporating a combination of pain 

relief strategies, neuromuscular re-education, and functional training. 

 
When comparing TENS with other modalities, such as neuromuscular electrical 

stimulation (NMES) and suprascapular nerve block (SSNB), studies have shown 

varying degrees of effectiveness. For instance, a randomized controlled trial by Zhou 

et al. (2018) indicated that NMES was more effective than TENS in maintaining long- 

term analgesia in HSP patients. Similarly, a study by Ersoy et al., (2023) found that 

SSNB led to a more rapid reduction in pain compared to TENS. These findings suggest 

that while TENS is beneficial, other modalities may offer superior outcomes in certain 

aspects of HSP management. 

 
5.2 Limitations 

 

 
The study has several limitations.30 stroke patients with hemiplegic shoulder pain 

participated in the study which had a limited sample size in both groups and did not 

provide enough data to generalize the findings to the larger population with this 

condition. Researcher only explored the effect of TENS with conventional 

physiotherapy after 16 sessions, so the long-term effect of treatment was not explored 

in this study. Data was collected one clinical setting CRP Savar, it can influence the 

result. Sometimes treatment sessions were interrupted due to public holiday mistaken 

in appointment schedule may interrupt the result. On the other hand, the clinical 

placement was on going, so there was a limited time duration about data collection 

which may also interrupt the result. The treatment period was only 16 sessions of 

intervention for the two groups that experimental group and control group. Other 

studies with longer intervention time are required for conclusive results. There was no 

available research done in this area in Bangladesh. So, relevant information about with 

TENS along with conventional physiotherapy for Bangladesh was very limited in this 

study. So, further research with larger samples, longer intervention periods, & follow 

up assessments is recommended to confirm & extend these results. 
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Chapter-vi                                         Conclusion & Recommendation 
 
 
6.1 Conclusion 

 

 
Both the experimental and control groups demonstrated improvements across multiple 

outcome measures throughout the intervention. The post-intervention results of the 

Modified Ashworth Scale (MAS) indicated no significant difference between the 

groups, suggesting that both interventions produced comparable reductions in 

spasticity. However, within-group analysis revealed statistically significant 

improvements from pre to post-intervention MAS scores, underscoring the 

effectiveness of the treatments in reducing muscle tone. Regarding the Shoulder Pain 

and Disability Index (SPADI), both groups showed significant reductions in pain 

scores, while only the experimental group exhibited significant improvements in 

disability scores. This suggests that the additional treatment components applied in the 

experimental protocol were more effective in addressing functional limitations. 

Analysis of shoulder range of motion (AROM and PROM) indicated significant within- 

group improvements for both groups following the intervention. The experimental 

group demonstrated more consistent gains across both AROM and PROM measures, 

whereas improvements in the control group were largely restricted to AROM. 

Nonetheless, comparisons between the two groups post-intervention did not reveal 

statistically significant differences. This finding indicates that although both 

interventions were effective in enhancing shoulder mobility and reducing pain, neither 

demonstrated clear superiority in terms of overall ROM outcomes. 

 
6.2 Recommendation 

 
 

•   The study period was so short, future studies will need more time to complete. 
 

• Investigator use only 30 participants as the sample of this study, in future the 

sample size would be more. 

• Extend the duration & frequency of the intervention to determine the cumulative 

impact of TENS on shoulder mobility & pain. 

•   Follow up must be included. 
 

• Explore combination therapies, comparative studies between TENS, NMES, 

and other interventions like SSNB to assess the most effective strategies for 

managing HSP and improving spasticity and ROM. 
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• Sample should collect from different hospital, clinic, institute and organization 

in different district of Bangladesh to generalize the result. 

• Focus on different stroke phases (acute, subacute & chronic) to understand the 

effectiveness of TENS across recovery stages. 
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Informed Consent

Assalmualaikum, I am Nirjona Rohman Srabonty, a student of the B.Sc. in 

Physiotherapy course, Session 2019-2020, at Bangladesh Health Profession Institute, 

under the Faculty of Medicine, University of Dhaka. I must complete a thesis to earn 

my B.Sc. in physiotherapy degree. My thesis title is “Effectiveness of TENS in the 

management of patients with Hemiplegic shoulder pain”. The purpose of this study 

is to evaluate the effectiveness of Transcutaneous Electrical Nerve Stimulation for 

Hemiplegic Shoulder Pain. In order to ask you some questions about this thesis, I will 

meet with you twice: once before the intervention and again after completion. I am 

assuring you that the treatment provided to you would not cause any damage. Besides, 

Physiotherapists will provide the treatments. The information you provide will be kept 

confidential and will only be used for thesis purposes. You have the right to terminate 

your participation at any time. Moreover, if you feel uncomfortable answering any 

question you can skip that question. The questionnaire will take 20 to 30 minutes to fill 

up. Please give me the correct answers to the questions and enable the data collector to 

evaluate your health. Contact my supervisor if you have any questions. Asma Islam, 

Associate Professor of BHPI, Department of Physiotherapy . If you would kindly give 

your consent, we can start. So may I have your consent to proceed with the interview? 

Yes:                                                                                    No:                   

Thank you for your participation as well as the information.

Signature of  Participant...................                                                

Date…………………

Signature of  Data Collector……………….                                            

Date……………………….                       

Signature of the Researcher...................                                                 

Date……………………
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Questionnaire (English)

Title: “Effectiveness of TENS in the management of patients with Hemiplegic 
shoulder pain”

Patient’s Information

Patient Id:

Date of Interview:

Name of Participant:

Address:

Phone number:

Part-1: Socio-demographic Information

No. Questions Response

1 Age …..years

2 Gender o Male
o Female

3
Occupation

o Service holder
o Businessman
o Housewife
o Farmer
o Student
o Teachers
o Others

4 Marital status o Married
o Unmarried

xix



 
5 Date of stroke ……………..

6
Affected side 

o Right 
o Left 
o Both

7
Type of stroke

o Ischemic 
o hemorrhagic

8 Religion o Muslim
o Hindu
o Buddho
o Christian

9 Living area o Rural
o Urban
o Semi-urban

10 Family type o Nuclear family
o Extended family

11 Education  level o Illiterate
o Primary
o Secondary
o SSC
o HSC
o Graduate
o Masters or above

12 Monthly income
…………………………

13 Past medical history o Hypertension
o Diabetes
o Heart disease
o Arthritis 
o Others…………..

xx



Part-II: Tone in Modified Ashworth Scale

Pre test

Grade Description

0 No increase in muscle tone

1 Slight increase in muscle tone, manifested by a catch and release or by 
minimal

resistance at the end of the range of motion when the affected part(s) is 
moved

in flexion or extension
1+ Slight increase in muscle tone, manifested by a catch, followed by 

minimal
resistance throughout the remainder (less than half) of the ROM

2 More marked increase in muscle tone through most of the ROM, but 
affected

part(s) easily moved
3 Considerable increase in muscle tone, passive movement difficult

4 Affected part(s) rigid in flexion or extension

xxi



Post test

Grade   Description

0 No increase in muscle tone

1 Slight increase in muscle tone, manifested by a catch and release or 
by minimal

resistance at the end of the range of motion when the affected part(s) 
is moved

in flexion or extension
1+ Slight increase in muscle tone, manifested by a catch, followed by 

minimal
resistance throughout the remainder (less than half) of the ROM

2 More marked increase in muscle tone through most of the ROM, but 
affected

part(s) easily moved
3 Considerable increase in muscle tone, passive movement difficult

4 Affected part(s) rigid in flexion or extension

xxii



Part-III:Shoulder pain & Disability index

Shoulder Pain and Disability Index (SPADI)

Source: Roach KE, Budiman-Mak E, Songsiridej N, Lertratanakul Y. Development 
of a shoulder pain and disability index. Arthritis Care Res. 1991 Dec;4(4):143-9.
The Shoulder Pain and Disability Index (SPADI) is a self-administered 
questionnaire that consists of two dimensions, one for pain and the other for 
functional activities. The pain dimension consists of five questions regarding the 
severity of an individual's pain. Functional activities are assessed with eight 
questions designed to measure the degree of difficulty an individual has with 
various activities of daily living that require upper-extremity use. The SPADI takes 
5 to 10 minutes for a patient to complete and is the only reliable and valid region-
specific measure for the shoulder.
Scoring instructions

To answer the questions, patients place a mark on a 10cm visual analogue scale for 
each question. Verbal anchors for the pain dimension are ‘no pain at all’ and ‘worst 
pain imaginable’, and those for the functional activities are ‘no difficulty’ and ‘so 
difficult it required help’. The scores from both dimensions are averaged to derive a 
total score.
Interpretation of scores

Total pain score: / 50 x 100 = %

(Note: If a person does not answer all questions divide by the total possible score, eg. 
if 1 question missed divide by 40)

Total disability score: / 80 x 100 = %

(Note: If a person does not answer all questions divide by the total possible score, eg. 
if 1 question missed divide by 70)

Total Spadi score: / 130 x 100 = %

(Note: If a person does not answer all questions divide by the total possible score, eg. 
if 1 question missed divide by 120)

The means of the two subscales are averaged to produce a total score ranging from 0 
(best) to 100 (worst).

Minimum Detectable Change (90% 

confidence) = 13 points (Change less than this 

may be attributable to measurement error)
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Shoulder Pain and Disability Index (SPADI)

Pre test

Shoulder Pain and Disability Index (SPADI)

Please place a mark on the line that best represents your experience during the last 
week attributable to your shoulder problem.

Pain scale

How severe is your pain?

Circle the number that best describes your pain where: 0 = no pain and 10 = the worst 
pain imaginable.

At its worst? 0 1 2 3 4 5 6 7 8 9 10

When lying on the involved side? 0 1 2 3 4 5 6 7 8 9 10

Reaching for something on a high 
shelf?

0 1 2 3 4 5 6 7 8 9 10

Touching the back of your neck? 0 1 2 3 4 5 6 7 8 9 10

Pushing with the involved arm? 0 1 2 3 4 5 6 7 8 9 10

Disability scale

How much difficulty do you have?

Circle the number that best describes your experience where: 0 = no difficulty and 
10 = so difficult it requires help.

Washing your hair? 0 1 2 3 4 5 6 7 8 9 10

Washing your back? 0 1 2 3 4 5 6 7 8 9 10

Putting on an undershirt or jumper? 0 1 2 3 4 5 6 7 8 9 10

Putting on a shirt that buttons down the 
front?

0 1 2 3 4 5 6 7 8 9 10

Putting on your pants? 0 1 2 3 4 5 6 7 8 9 10

Placing an object on a high shelf? 0 1 2 3 4 5 6 7 8 9 10
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Carrying a heavy object of 10 pounds 
(4.5 kilograms)

0 1 2 3 4 5 6 7 8 9 10

Removing something from your back 
pocket?

0 1 2 3 4 5 6 7 8 9 10

Post test

Shoulder Pain and Disability Index (SPADI)

Please place a mark on the line that best represents your experience during the last 
week attributable to your shoulder problem.

Pain scale

How severe is your pain?

Circle the number that best describes your pain where: 0 = no pain and 10 = the worst 
pain imaginable.

At its worst? 0 1 2 3 4 5 6 7 8 9 10

When lying on the involved side? 0 1 2 3 4 5 6 7 8 9 10

Reaching for something on a high 
shelf?

0 1 2 3 4 5 6 7 8 9 10

Touching the back of your neck? 0 1 2 3 4 5 6 7 8 9 10

Pushing with the involved arm? 0 1 2 3 4 5 6 7 8 9 10
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Disability scale

How much difficulty do you have?

Circle the number that best describes your experience where: 0 = no difficulty and 
10 = so difficult it requires help.

Washing your hair? 0 1 2 3 4 5 6 7 8 9 10

Washing your back? 0 1 2 3 4 5 6 7 8 9 10

Putting on an undershirt or jumper? 0 1 2 3 4 5 6 7 8 9 10

Putting on a shirt that buttons down the 
front?

0 1 2 3 4 5 6 7 8 9 10

Putting on your pants? 0 1 2 3 4 5 6 7 8 9 10

Placing an object on a high shelf? 0 1 2 3 4 5 6 7 8 9 10

Carrying a heavy object of 10 pounds 
(4.5 kilograms)

0 1 2 3 4 5 6 7 8 9 10

Removing something from your back 
pocket?

0 1 2 3 4 5 6 7 8 9 10
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Part-IV: Range of motion of affected limbs measured by Goniometer

Movement Active 
ROM(Pre 

test)

Active ROM 
(Post test)

Passive ROM 
(Pre test)

Passive ROM 
(Post test)

Shoulder 
flexion

Shoulder 
Extension

Shoulder 
abduction

Shoulder 
Adduction

Shoulder 
lateral rotation

Shoulder 
internal 
rotation
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