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ABSTRACT

Background: Stroke is a leading cause of disability and mortality worldwide, significantly impacting functional independence and quality
of life. Rehabilitation strategies play a crucial role in post-stroke recovery by enhancing motor function, reducing pain, and improving
mobility. Graded Motor Imagery (GMI) and Progressive Circuit Training (PCT) are two distinct therapeutic approaches targeting
neuromuscular reorganization and functional rehabilitation. However, comparative evidence regarding their effectiveness remains limited.
This study evaluates and compares the efficacy of GMI and PCT in improving pain and mobility among stroke patients, providing insights
into their therapeutic impact.

Objective: To determine the comparative effectiveness of Graded Motor Imagery and Progressive Circuit Training in improving pain levels
and mobility in stroke patients.

Methods: A randomized clinical trial was conducted at Sehat Medical Complex, Rehab Cure, and the University Institute of Physical
Therapy Teaching Hospital. A total of 28 ischemic stroke patients meeting the inclusion criteria were randomly allocated into two groups (14
participants per group). Group A received Graded Motor Imagery (3—5 sessions per week, 20—30 minutes per session, for four weeks), while
Group B underwent Progressive Circuit Training (2—4 sessions per week, 30—60 minutes per session, for four weeks). Pain levels were
assessed using the Visual Analogue Scale (VAS), and mobility was measured using the Functional Independence Measure (FIM).
Assessments were conducted at baseline and after four weeks. Data were analyzed using SPSS 27.0, with independent sample t-tests for
between-group comparisons and paired sample t-tests for within-group analysis.

Results: At baseline, no significant differences were observed in pain (p = .848) or mobility (p = .323) between groups. Post-treatment,
both groups showed significant improvements (p < 0.01). The GMI group demonstrated a greater reduction in pain (VAS: 7.14 + 1.03 to 3.21
+ 0.802) compared to the PCT group (VAS: 7.07 + 0.917 to 4.86 =+ 1.23). Mobility improvements were also more pronounced in the GMI
group (FIM: 85.50 +2.10 to 96.50 + 2.07) than in the PCT group (FIM: 86.43 +2.74 to 91.14 + 4.42). Statistical analysis confirmed superior
effectiveness of GMI in reducing pain and enhancing mobility compared to PCT (p < 0.01).

Conclusion: Both Graded Motor Imagery and Progressive Circuit Training proved effective in reducing pain and improving mobility in
stroke patients. However, Graded Motor Imagery demonstrated superior outcomes, highlighting its potential as a more effective rehabilitation
technique for stroke recovery. The findings suggest that cognitive-motor rehabilitation strategies like GMI may play a crucial role in
optimizing neuroplasticity and functional independence in stroke survivors.

Keywords: Cerebrovascular accident, Functional Independence Measure, Graded Motor Imagery, Pain management, Progressive Circuit
Training, Stroke rehabilitation, Visual Analogue Scale
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INTRODUCTION

Stroke is a leading cause of disability and mortality worldwide, ranking as the second most common cause of death and a major
contributor to long-term functional impairment (1). Medically referred to as a cerebrovascular accident (CVA), stroke occurs when
cerebral function is disrupted due to vascular compromise, leading to irreversible neuronal damage if not promptly managed. The World
Health Organization (WHO) defines stroke as a neurological event characterized by sudden-onset focal brain dysfunction persisting
beyond 24 hours, often resulting from ischemic infarction, intracerebral hemorrhage, or subarachnoid hemorrhage (2). Stroke may
present with or without overt symptoms, yet its consequences can be devastating, affecting not only survival but also long-term quality
of life. It is categorized into early hyperacute (06 hours), late hyperacute (624 hours), acute (1-7 days), subacute (1-3 weeks), and
chronic stages (beyond three weeks) (3,4). While acute stroke is sometimes described as an "accident," experts argue that the term "brain
attack™ is more appropriate, emphasizing its resemblance to acute cardiac events requiring immediate medical intervention (5).

Among the various types of stroke, ischemic stroke is the most prevalent, accounting for approximately 85% of all acute cases (6). It
results from an obstruction in cerebral blood flow due to thrombotic or embolic events, leading to neuronal ischemia and infarction (7).
Hemorrhagic strokes, which constitute the remaining 15%, occur due to the rupture of cerebral blood vessels, further classified into
intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (8,9). Regardless of etiology, stroke remains a global health crisis, with
an estimated 2 million deaths annually (10). According to WHO statistics, approximately 15 million individuals suffer from stroke each
year, with 5 million fatalities and an equal number of survivors left with permanent disabilities (11). The Global Burden of Disease
Study (GBDS) identifies stroke as the second leading cause of mortality, whereas the Disability-Adjusted Life Years (DALY framework
ranks it as the third most significant contributor to global disability (12). The disease burden is further amplified by modifiable risk
factors, including hypertension, obesity, smoking, diabetes mellitus, and physical inactivity, as well as non-modifiable factors such as
age, genetic predisposition, and underlying cardiovascular abnormalities (13,14).

The neuropathophysiology of stroke is closely linked to the cerebrovascular supply. The brain is perfused by the anterior cerebral artery
(ACA), middle cerebral artery (MCA), and posterior cerebral artery (PCA), with ischemic events occurring when blood supply is
disrupted in any of these major vessels (15,16). Pathophysiological changes associated with stroke include hematoma formation due to
vascular rupture, intracranial pressure elevation, and secondary neuronal injury, leading to motor, sensory, and cognitive impairments
(17,18). Hemorrhagic stroke, in particular, results in hematoma formation, increasing intracranial pressure and impairing cerebral
autoregulation, thus exacerbating neuronal injury (19,20). Stroke-induced neurological deficits vary based on the affected brain region
and the severity of ischemic insult. In ischemic stroke, the extent of infarcted tissue dictates functional impairment, ranging from mild
motor weakness to complete hemiplegia and cognitive dysfunction (21,22). The global impact of stroke is evident in epidemiological
data, with an estimated prevalence of 2 million new cases annually in China, 4.12% prevalence among individuals aged over 44 years
in Turkey, and 95 per 100,000 individuals annually in Pakistan between 2000 and 2016 (23,24,25). Furthermore, approximately 400,000
stroke survivors in Pakistan experience long-term disability, underscoring the urgent need for effective rehabilitation strategies (26).

Stroke survivors often experience profound motor deficits, sensory impairments, and functional disability, significantly affecting their
ability to perform activities of daily living (27). Among these impairments, hemiplegia is the most common motor dysfunction, typically
manifesting as unilateral weakness or paralysis (28). Sensorimotor deficits include diminished proprioception, loss of thermal sensation,
bladder and bowel dysfunction, hypersensitivity, and paresthesia, further complicating functional recovery (29). Stroke rehabilitation
aims to mitigate these disabilities through targeted interventions that enhance neuroplasticity and promote functional restoration. The
acute stage, which lasts for approximately two weeks post-lesion, is critical for initiating early rehabilitation to prevent complications
such as contractures, spasticity, and secondary musculoskeletal disorders (30). The complex interplay between pain and mobility
restrictions further limits patient participation in rehabilitation, necessitating multifaceted therapeutic approaches (31). Innovative
techniques such as Graded Motor Imagery (GMI) and Progressive Circuit Training (PCT) have emerged as promising rehabilitation
strategies for enhancing motor function and reducing stroke-related pain (32). This study aims to determine the comparative efficacy of
Graded Motor Imagery (GMI) versus Progressive Circuit Training (PCT) in improving pain management and mobility in stroke
survivors. By evaluating these two rehabilitation approaches, this study seeks to provide clinicians with evidence-based strategies to
optimize functional recovery and enhance the quality of life in post-stroke individuals.
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METHODS

The study was conducted at Sehat Medical Complex, Rehab Cure, and the University Institute of Physical Therapy Teaching Hospital.
A randomized clinical trial (RCT) design was employed to compare the efficacy of Graded Motor Imagery (GMI) and Progressive
Circuit Training (PCT) in improving pain management and mobility in stroke survivors. The sample size was determined using the
Functional Independence Measure (FIM) outcome scale, and after incorporating a 10% attrition rate, the final sample size was 28
participants (14 per group) (39). Participants were selected through simple random sampling. The study was completed over six months
following the approval of the research synopsis. Participants were included if they were aged 18 to 75 years (40), diagnosed with
ischemic stroke, had experienced a stroke within the past year, and achieved a score greater than 23 on the Mini-Mental State
Examination (MMSE) (41). Both male and female participants were eligible. Exclusion criteria included individuals with neurological
or orthopedic conditions affecting upper limb function (e.g., Parkinson’s disease) (42), history of severe aphasia or apraxia (43), systemic
disorders such as rheumatoid arthritis (42), unstable angina (40), and coexisting physical impairments, including limb amputation (40).

Participants who met the eligibility criteria were recruited after obtaining written informed consent. Randomization was conducted using
the fishbowl method (lottery method), and participants were assigned to Group A (GMI) or Group B (PCT). The study followed a single-
blinded approach, where participants were unaware of their treatment allocation, but assessors conducting the outcome evaluations
remained blinded to minimize bias. Baseline demographic and clinical characteristics, including age, stroke onset, MMSE score, and
initial motor function, were recorded before intervention to ensure group comparability. A second assessment was conducted after four
weeks of intervention.

Participants in Group A received Graded Motor Imagery (GMI), a structured neurocognitive rehabilitation technique designed to enhance
motor recovery and pain modulation. Sessions followed the Frequency, Intensity, Time, and Type (FITT) principle, ensuring structured
progression. Sessions were conducted three to five times per week for four weeks, each lasting 20 to 30 minutes. The intervention was
divided into three progressive phases: laterality recognition, motor imagery, and mirror therapy. Initially, participants engaged in left-
right discrimination tasks, followed by mental practice of specific movements, and finally, mirror therapy, where movements of the
unaffected limb were used to create a visual illusion of movement in the affected limb. This systematic approach aimed to promote
neuroplasticity, enhance motor relearning, and facilitate pain-free movement (44).

Participants in Group B received Progressive Circuit Training

(PCT), a structured regimen focusing on progressive resistance

training and cardiovascular endurance. Sessions were scheduled two

’ Assessed for eligibility (n=30) ‘

to four times per week for four weeks, with each session lasting 30
to 60 minutes. Each PCT session comprised multiple 5- to 10-minute | et meeting nclusion crteria (n=2)

circuits, incorporating exercises that targeted strength, endurance, Randomized (1=28) || & Omer essone ()
flexibility, and balance. The intensity was progressively increased by

modifying resistance loads, repetitions, and aerobic intensity, J' l
ensuring participants operated within their target heart rate range | Aocated to intervention (n=14) Allocated to intervention (n= 14)
0 . . o . + Received allocated intervention + Received allocated intervention (n=)
(50-70% of maximum heart rate) for cardiovascular conditioning. (n=14) (n=14)
Circuit progression included bodyweight squats for lower limb [ Followup
strength, advancing to jump squats for explosive power, Lost © folow-up (give reasons) (=0 E?:éoln%nffgzvﬁepwfniﬁnr?isvznrse)ag;g
transitioning to mountain climbers for endurance, and concluding | Dscontinued © intervention — (give n=0) ’
. . Analyzed
with yoga-based postures to enhance flexibility and neuromuscular [ Anayg |
control (45). This approach was designed to improve functional | Anaysed =14 ) Analysed (n= 14 )
. i K . + Excluded from analysis (give reasons) + Excluded from analysis (give reasons)
mobility, motor coordination, and overall cardiovascular fitness. | c=0 (n=0)

Pain intensity was assessed using the Visual Analogue Scale (VAS),
while mobility and functional independence were measured using
the Functional Independence Measure (FIM). Outcome assessments were performed at baseline and post-intervention (week 4) by a
blinded assessor to ensure objective evaluation.

Data analysis was conducted using SPSS version 27.0 (Statistical Package for the Social Sciences). Categorical variables were
represented as frequencies and percentages, visualized using bar charts and pie charts, while continuous variables were summarized
using means and standard deviations, depicted through histograms. Data normality was evaluated using the Kolmogorov-Smirnov and
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Shapiro-Wilk tests. Since the data followed a normal distribution, independent sample t-tests were applied for between-group
comparisons, and paired sample t-tests were used for within-group analysis.

RESULTS

Gender Distribution in Study Groups Affected Side Involvement in Stroke Patients

Female (Group B)

21.4%

Male (Group B)

Male (Group A)

Number of Participants

25.0%

Female (Group A)

Figure 1 Gender Distribution in Study Group Affected Side

Figure 2 Affected Side Involvement In Stroke Patients

In Group A (graded motor imagery group) 9 (64.3%) had the right side involved, 5 (35.7) had left side involved. Whereas 6 (42.9) had
left sided stroke and 8 (57.1) had right sided stroke. Displayed bar chart of sides involved of both groups. It presented that in Group A,
9 participants (64.3%) had right side participation, 5 participants (35.7%) had left side involvement, and 0 participants (0.0%) had
engagement on both sides. Out of the total number of cases, 6 (42.9%) individuals experienced a stroke on the left side, 0 (0%)
individuals had strokes on both sides, and 8 (57.1%) individuals had strokes on the right side.

Table 1: Age
Groups Age of Participants
Group A (Graded Motor Imagery) 50.71 £ 5.93
Group B (Progressive circuit training) 50.57 £ 5.85

Table of both age groups (group A & Group B). It presented mean age of graded motor imagery group 50.71 + 5.93 and mean age of
50.57 + 5.85 of Progressive circuit training group 14 participants in each group recruited in the study.
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Table 2: Independent Sample T test for Mobility (Functional Independence Measure) Pre and Post Treatment

Sr.No  Treatment Groups Mean+ SD Mean Difference  p-value
1 FIM Pre-Treatment Group A (Graded Motor 85.50+2.10 -.9286 323
Imagery)

Group B (Progressive circuit 86.43+2.74
training)

2 FIM post-treatment Group A (Graded Motor 96.50+2.07 5.357 <0.01
Imagery)

Group B (Progressive circuit 91.14+4.42
training)

To determine the significant differences for Mobility (FIM) between the Graded Motor Imagery Group A and Progressive circuit training
group B Independent sample t test was applied, the results depicts that there is a significant difference between the group for the applied
intervention as P-value less than 0.05 with respect to post treatment. It was also seen that both groups were seen to show no difference
at the level of baseline/ before the intervention was applied (P=.323)

Table 3: Independent Sample T test for Pain (Visual Analogue Scale) Pre and Post Treatment

Sr.No  Treatment Groups Meanz SD Mean Difference  p-value
1 VAS Pre- Group A (Graded Motor Imagery) 7.14+1.03 0714 .848
Treatment
Group B (Progressive circuit training) 7.07+£.917
2 VAS post- Group A (Graded Motor Imagery) 3.21+.802 -1643 <0.01
treatment Group B (Progressive circuit training) 4.86+1.23

The table presents the comparison of pain levels (VAS scores) between the Graded Motor Imagery (GMI) group and the Progressive
Circuit Training (PCT) group before and after treatment. At baseline, the mean VAS score for the GMI group was 7.14 + 1.03, while
the PCT group had a mean VAS score of 7.07 £ 0.917, with a mean difference of 0.0714 and a p-value of 0.848, indicating no statistically
significant difference in pain levels between the groups prior to intervention.

Following four weeks of intervention, the post-treatment mean VAS score significantly reduced to 3.21 + 0.802 in the GMI group,
whereas the PCT group showed a post-treatment VAS score of 4.86 + 1.23. The mean difference in pain reduction between the groups
was -1.643, with a statistically significant p-value of <0.01, suggesting that both interventions were effective in reducing pain, but
Graded Motor Imagery demonstrated a greater reduction in pain levels compared to Progressive Circuit Training.

These findings indicate that although both rehabilitation techniques contributed to pain relief, the GMI group experienced a more
pronounced improvement in pain reduction. The statistically significant post-treatment difference highlights Graded Motor Imagery as
a potentially more effective intervention for pain management in stroke patients.

Table 4: Paired sample t test of Pain (VAS) and Mobility (FIM)

Tools Group A (Graded Motor Imagery) t-value p-value Group B (Progressive circuit p-value
training)
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Pre-Treatment Post-Treatment Pre-Treatment Post-Treatment

Mean = S.D Mean = S.D Mean = S.D Mean = S.D
FIM 85.50+2.10 96.50+£2.07 -12.725 <0.01 86.43+2.74 91.14+4.42 <0.01
VAS 7.14+1.03 3.21+.802 16.032 <0.01 7.07+£917 4,86+ 1.23 <0.01

The table presents the within-group comparison of mobility (Functional Independence Measure - FIM) and pain (Visual Analogue Scale
- VAS) scores in the Graded Motor Imagery (GMI) and Progressive Circuit Training (PCT) groups before and after treatment. For
mobility (FIM scores), the GMI group had a pre-treatment mean score of 85.50 + 2.10, which significantly improved to 96.50 + 2.07
post-treatment, with a t-value of -12.725 and a p-value of <0.01, indicating a statistically significant improvement. Similarly, the PCT
group had a pre-treatment mean FIM score of 86.43 + 2.74, which increased to 91.14 £ 4.42 post-treatment, also showing significant
improvement with a p-value of <0.01. These results suggest that both interventions effectively enhanced functional mobility, with the
GMI group demonstrating a greater increase in post-treatment functional independence.

For pain levels (VAS scores), the GMI group had a pre-treatment mean VAS score of 7.14 = 1.03, which significantly decreased to 3.21
+ 0.802 post-treatment, with a t-value of 16.032 and a p-value of <0.01, confirming a substantial reduction in pain. Likewise, the PCT
group showed a reduction in mean VAS scores from 7.07 + 0.917 pre-treatment to 4.86 + 1.23 post-treatment, with a p-value of <0.01,
indicating a statistically significant improvement. However, the greater reduction in pain in the GMI group suggests that Graded Motor
Imagery was more effective in pain management compared to Progressive Circuit Training. Overall, both rehabilitation techniques
resulted in significant improvements in mobility and pain reduction. However, the GMI group exhibited superior outcomes in both
domains, suggesting that Graded Motor Imagery may provide greater benefits for functional recovery and pain relief in stroke patients
compared to Progressive Circuit Training.

DISCUSSION

The findings of this study demonstrated significant improvements in pain reduction and mobility enhancement following the application
of Graded Motor Imagery (GMI) and Progressive Circuit Training (PCT) in stroke rehabilitation. Both interventions led to statistically
significant improvements, confirming their effectiveness in post-stroke recovery. However, the results indicated that GMI was superior
to PCT in both pain reduction and mobility enhancement, suggesting its greater potential in optimizing neuroplasticity and functional
independence. Previous research has provided evidence supporting these interventions, with findings consistently reporting their role in
enhancing motor function, mobility, and pain modulation. A study by Sashikala Bhandaru et al. (2021) demonstrated that progressive
circuit training effectively improved gross motor function and mobility in stroke patients when compared to conventional aerobic and
resistance training (46). These findings align with the current study, where PCT significantly improved mobility, though GMI yielded
even greater functional gains. The observed differences between the two interventions could be attributed to the structured cognitive
engagement in GMI, which fosters motor reorganization at the cortical level.

The superior outcomes of GMI observed in this study align with prior research by Breera Amjad et al. (2019), which demonstrated the
effectiveness of GMI in improving balance, motor function, and mobility in stroke patients (47). While balance and gross motor function
were not the primary focus of the current study, the improvement in mobility corroborates previous findings. Furthermore, Deisiane
Oliveira Souto et al. (2020) reported that GMI effectively enhanced upper limb function and pain relief in stroke survivors, providing
further support for its efficacy in neurorehabilitation (48). However, unlike previous studies that focused on upper limb function, the
present study emphasized mobility and pain reduction, highlighting GMI’s impact beyond isolated limb rehabilitation. The mechanism
underlying GMI’s superiority over PCT may be attributed to its ability to activate sensorimotor pathways through mental imagery,
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facilitating cortical reorganization and improved movement execution. Despite these benefits, the study did not evaluate the long-term
retention of improvements, which remains an important consideration in stroke rehabilitation.

The effectiveness of PCT in pain and mobility enhancement was evident, though its impact was relatively less pronounced than that of
GMI. Findings from Mansoor Rahman et al. (2015) supported the role of PCT in improving motor function and pain management in
stroke patients, particularly when compared to conventional therapy (49). While the current study also observed significant pain
reduction with PCT, the greater effectiveness of GMI suggests that cognitive-motor training may provide additional benefits beyond
physical exercise alone. A study by Jose Fierro Marrero et al. (2024) further demonstrated the impact of GMI on hand recognition in
stroke patients, highlighting its role in sensorimotor integration and cognitive rehabilitation (50). Although the present study did not
assess hand recognition, the improved mobility outcomes support the broader application of GMI in stroke recovery. While both
interventions proved beneficial, GMI appeared to offer a more holistic approach by engaging neurocognitive pathways that contribute
to functional recovery.

The strengths of this study include its randomized controlled design, well-defined inclusion criteria, and use of validated outcome
measures. The study provides direct evidence comparing two promising stroke rehabilitation techniques, contributing to clinical
decision-making regarding optimal post-stroke therapy. However, several limitations must be acknowledged. The sample size was
relatively small, which may limit the generalizability of the findings. Additionally, the study duration was short, making it unclear
whether improvements were sustained over the long term. Future research should investigate the durability of these effects and explore
whether a combination of GMI and PCT could yield even greater functional outcomes. Despite these limitations, the results strongly
suggest that Graded Motor Imagery is a superior intervention for enhancing mobility and reducing pain in stroke patients. Based on
previous evidence and the current study’s findings, GMI emerges as a more effective approach in post-stroke rehabilitation, offering a
greater degree of neuroplastic adaptation and functional recovery.

CONCLUSION

The findings of this study concluded that both Graded Motor Imagery (GMI) and Progressive Circuit Training (PCT) were effective in
improving pain management and mobility in stroke patients. However, GMI demonstrated superior outcomes, suggesting its greater
potential in enhancing neuroplasticity, functional independence, and pain reduction compared to PCT. These results highlight the
importance of integrating cognitive-motor rehabilitation techniques in stroke recovery, as GMI not only facilitated movement but also
contributed to neural reorganization and motor skill refinement. While both interventions proved beneficial, GMI emerged as a more
effective approach, offering enhanced therapeutic benefits in post-stroke rehabilitation.
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