Original Research Article

Effect of Functional Electrical Stimulation in Conjunction with Motor Relearning Program on Activities of Daily Living Following Ischemic Stroke: A Randomized Controlled Trial
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ABSTRACT
	Background: Ischemic stroke frequently results in upper limb impairment, significantly affecting patients' ability to perform activities of daily living (ADL). Functional electrical stimulation (FES) combined with motor relearning programs has emerged as a promising rehabilitation approach for improving functional outcomes in stroke survivors.
Objective: The present study evaluate the effectiveness of FES combined with motor relearning programs on ADL performance in patients with upper limb impairment following ischemic stroke.
Methods: A randomised controlled trial was conducted with 84 ischemic stroke patients (mean age 58.4±12.3 years) with upper limb hemiplegia. Participants were randomly allocated to either the experimental group (n=42) receiving FES combined with motor relearning program, or the control group (n=42) receiving conventional physiotherapy. The intervention period was 6 weeks, with 5 sessions per week. The primary outcome measure was the Barthel Index (BI), and secondary outcomes included the Functional Independence Measure (FIM) and Canadian Occupational Performance Measure (COPM). Assessments were conducted at baseline, post-intervention (6 weeks), and follow-up (12 weeks).
Results: Both groups showed significant improvements in ADL scores, but the experimental group demonstrated superior outcomes. At 6 weeks, the experimental group showed greater improvement in BI scores (mean difference: 15.8±8.4 vs. 8.2±6.1, p<0.001), FIM scores (mean difference: 22.3±10.7 vs. 12.1±7.9, p<0.001), and COPM performance scores (mean difference: 3.4±1.2 vs. 1.8±0.9, p<0.001). These improvements were maintained at 12-week follow-up.
Conclusion: FES combined with motor relearning programs significantly enhances ADL performance in ischemic stroke patients compared to conventional therapy alone. This combined approach offers a potentially effective rehabilitation approach for improving functional independence in stroke survivors.
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1. INTRODUCTION
Stroke remains one of the leading causes of long-term disability worldwide, with approximately 795,000 new cases reported annually in the United States alone (Benjamin et al., 2019). Ischemic stroke, accounting for 87% of all strokes, frequently results in upper limb hemiplegia or hemiparesis, significantly impacting patients' ability to perform activities of daily living (ADL) independently (Virani et al., 2020). The restoration of upper limb function is crucial for stroke survivors, as it directly correlates with their quality of life, independence, and successful community reintegration (Kwakkel et al., 2003).
Traditional rehabilitation approaches, while beneficial, often show limited effectiveness in restoring functional upper limb movement in chronic stroke patients (Langhorne et al., 2011). The neural plasticity potential of the brain following stroke provides a window of opportunity for recovery, which can be enhanced through targeted interventions that promote motor relearning and cortical reorganization (Dimyan& Cohen, 2011).
Functional electrical stimulation (FES) has emerged as a promising therapeutic modality that applies electrical currents to stimulate paralyzed or weakened muscles, facilitating muscle contraction and potentially promoting motor recovery (Peckham & Knutson, 2005). When combined with motor relearning programs that emphasise task-specific training and repetitive practice, FES may enhance the effectiveness of rehabilitation by providing sensory feedback and facilitating the relearning of motor patterns (de Kroon et al., 2005).
Motor relearning programs are based on the principles of motor learning theory and neuroplasticity, emphasising the importance of task-specific practice, feedback, and progressive difficulty adjustment (Carr & Shepherd, 2003). These programs focus on retraining movement patterns through repetitive practice of functional tasks, which may lead to cortical reorganization and improvement in motor function (Krakauer, 2006).
The combination of FES with motor relearning programs theoretically offers synergistic benefits by addressing both the motor output (through electrical stimulation) and the neural relearning processes (through task-specific practice). However, while previous studies have demonstrated the individual benefits of these interventions, limited research has specifically examined their combined effect on ADL performance in ischemic stroke patients.
Several studies have investigated the effects of FES on upper limb function post-stroke, with mixed results. A systematic review by Nascimento et al. (2014) reported moderate evidence for FES improving upper limb motor function, but noted variability in outcome measures and intervention protocols. Similarly, motor relearning programs have shown promise in improving functional outcomes (French et al., 2016), but the evidence for their effect on ADL performance requires further investigation.
The assessment of ADL is crucial in stroke rehabilitation as it reflects the patient's ability to function independently in their daily environment. The Barthel Index (BI) and Functional Independence Measure (FIM) are widely used standardized tools that provide reliable measures of functional independence in basic ADL (Mahoney & Barthel, 1965; Keith et al., 1987). The Canadian Occupational Performance Measure (COPM) offers a patient-centered approach to assess perceived performance and satisfaction in daily activities (Law et al., 2014).
Given the potential benefits of combining FES with motor relearning programs and the need for evidence-based rehabilitation strategies that improve functional independence, this study aimed to evaluate the effectiveness of this combined intervention on ADL performance in patients with upper limb impairment following ischemic stroke. We hypothesized that patients receiving FES combined with motor relearning programs would demonstrate greater improvements in ADL performance compared to those receiving conventional physiotherapy alone.
2. Methodology
2.1 Study Design
This study employed a single-blind randomized controlled trial design with parallel groups. The study protocol was approved by the Institutional Ethical Committee (IEC approval number: 2025/61/017). All participants provided written informed consent prior to enrollment.
2.2 Participants
2.2.1 Inclusion Criteria
· Adults aged 18-75 years
· Individuals with right-hand or left-hand dominance
· Diagnosis of first-time ischemic stroke confirmed by neuroimaging (CT or MRI)
· Time since stroke onset: 3-12 months
· Upper limb hemiplegia or hemiparesis (Modified Ashworth Scale score ≤2)
· Ability to understand and follow simple commands (Mini-Mental State Examination score ≥24)
· Medical stability for participation in the rehabilitation program
· Barthel Index score between 20-80 at baseline
2.2.2 Exclusion Criteria
· Hemorrhagic stroke or recurrent stroke
· Severe cognitive impairment
· Severe aphasia prevents understanding of instructions
· Contraindications to electrical stimulation (cardiac pacemaker, metal implants in stimulation area)
· Severe joint contractures or deformities
· Active medical conditions preventing participation
· Previous upper limb dysfunction
2.3 Sample Size Calculation
Sample size was calculated based on the primary outcome measure (Barthel Index) using G*Power 3.1.9.4 software. Based on previous studies (Chae et al., 2009), an effect size of 0.7 was anticipated between groups. With α=0.05, power=80%, and accounting for 20% dropout rate, a minimum of 42 participants per group was required.
2.4 Randomization and Blinding
Participants were randomly allocated to either the experimental group (FES + motor relearning program) or the control group (conventional physiotherapy) using computer-generated random numbers in blocks of 8. Allocation concealment was maintained using sealed, opaque envelopes. Outcome assessors were blinded to group allocation, while participants and treating therapists could not be blinded due to the nature of the intervention.
2.5 Interventions
2.5.1 Experimental Group (FES + Motor Relearning Program)
Participants received FES combined with a structured motor relearning program:
FES Protocol:
· Device: 4-channel electrical stimulator (RehaStim, Hasomed GmbH, Germany)
· Electrodes: Surface electrodes placed over motor points of affected muscles
· Target muscles: Wrist extensors, finger extensors, and thumb muscles
· Parameters: Frequency 30-50 Hz, pulse width 300 μs, intensity adjusted to produce visible muscle contraction without pain
· Duration: 30 minutes per session
Motor Relearning Program:
· Task-specific training focusing on ADL-related movements
· Progressive difficulty adjustment based on individual performance
· Emphasis on quality of movement and functional outcomes
· Activities included: reaching, grasping, manipulation tasks, and simulated ADL
· Duration: 30 minutes per session following FES
2.5.2 Control Group (Conventional Physiotherapy)
Participants received conventional physiotherapy, including:
· Passive and active range of motion exercises of the effected Upper limb and Lower Limbs
· Strengthening exercises
Shoulder flexion and abduction strengthening
Elbow flexion and extension exercises
Wrist extension and flexion strengthening
Grip strengthening using soft ball or putty
Finger extension and flexion exercises
Lower limb strengthening:
Hip flexion/extension
Knee extension
Ankle dorsi flexion  / Plantar flexion
· Facilitation techniques

· Tapping / Quick Stretch – To activate weak muscles (e.g., wrist extensors, shoulder stabilizers).
· Approximation / Compression – To increase joint stability and promote co-contraction.
· Weight Bearing Through Affected Limb – Facilitates muscle activation and normal tone.
· Proprioceptive Neuromuscular Facilitation (PNF) Patterns – D1 and D2 upper limb patterns for reaching, grasping.
· Guided / Assisted Movement
· Rhythmic Initiation

· Weight Shifting Activities – To improve postural control and proximal stability.
· Facilitated Grasp–Release Practice – Therapist provides sensory and tactile cues to improve hand opening / closing.

Dosage
Session Duration
10–15 minutes of facilitation techniques per session

Frequency
3–5 sessions  per  week.
Repetitions
Each facilitated movement: 8–12 repetitions
Each facilitated task (e.g., reach, grasp): 2–3 sets
Intensity
Low to moderate intensity, adjusted to patient tolerance.

· Functional training
Reaching for objects at various heights and distances
Grasping and releasing common items (cup, bottle, towel, comb)
Picking up small objects (coins, blocks, pegs)
Simulated feeding tasks (spoon-to-mouth, cup-to-mouth)
Grooming tasks (combing hair, washing face)
Dressing-related tasks (buttoning, zipping, pulling shirt on/off)
Sit-to-stand transitions
Functional walking 
Using affected hand during daily routine activities
Dosage 
Duration: 15–20 minutes per session dedicated to functional training.
Frequency: 3–5 sessions per week.
Repetitions: Each functional task: 10–15 repetitions
· Duration: 60 minutes per session
Both groups received treatment 5 days per week for 6 weeks (30 sessions total).
2.6 Outcome Measures
2.6.1 Primary Outcome
Barthel Index (BI): A 10-item scale assessing independence in basic ADL including feeding, bathing, grooming, dressing, bowel and bladder control, toilet use, transfers, mobility, and stair climbing. Scores range from 0-100, with higher scores indicating greater independence (Mahoney & Barthel, 1965).
2.6.2 Secondary Outcomes
Functional Independence Measure (FIM): An 18-item scale assessing independence in motor and cognitive tasks. Motor subscale (13 items) scores range from 13-91, with higher scores indicating greater independence (Keith et al., 1987).
Canadian Occupational Performance Measure (COPM): A patient-centered outcome measure assessing perceived performance and satisfaction in daily activities. Participants identify priority areas of difficulty and rate performance and satisfaction on 10-point scales (Law et al., 2014).
2.7 Assessment Schedule
Assessments were conducted at three time points:
· Baseline (T0): Within 1 week before intervention
· Post-intervention (T1): Within 1 week after completing 6-week intervention
· Follow-up (T2): 6 weeks after intervention completion (12 weeks from baseline)
2.8 Data Collection
All assessments were conducted by trained occupational therapists blinded to group allocation. Inter-rater reliability was established prior to study commencement (ICC >0.90 for all measures). Data were collected in a standardized environment and recorded on case report forms before being entered into a secure electronic database.

3. Statistical Analysis
Statistical analysis was performed using SPSS version 25 (IBM Corp., Armonk, NY). Data were analyzed according to the intention-to-treat principle, with missing data handled using the last observation carried forward method for participants who completed at least baseline and one post-baseline assessment.
3.1 Descriptive Statistics
Continuous variables were expressed as mean ± standard deviation (SD) or median (interquartile range) based on distribution normality. Categorical variables were expressed as frequencies and percentages.
3.2 Baseline Comparisons
Independent t-tests were used for continuous variables and chi-square tests for categorical variables to compare baseline characteristics between groups.
3.3 Primary Analysis
A mixed-effects model with repeated measures was used to analyze changes in outcome measures over time, with group, time, and group-by-time interaction as fixed effects, and participant as a random effect. This approach accounts for within-subject correlation and missing data.
3.4 Secondary Analysis
Between-group differences at each time point were analyzed using independent t-tests with Bonferroni correction for multiple comparisons. Within-group changes from baseline were analyzed using paired t-tests.
Effect sizes (Cohen's d) were calculated for between-group differences, with 0.2, 0.5, and 0.8 representing small, medium, and large effects, respectively.
3.5 Statistical Significance
Statistical significance was set at p < 0.05 for all analyses. All tests were two-tailed.

4. RESULTS
4.1 Participant Flow and Characteristics
A total of 124 patients were screened for eligibility, of whom 84 met the inclusion criteria and were randomized (Figure 1). Forty-two participants were allocated to each group. During the intervention period, 3 participants in the experimental group and 4 in the control group withdrew due to medical complications (n=2), transportation issues (n=3), and personal reasons (n=2). At the 12-week follow-up, 39 participants in the experimental group and 38 in the control group completed all assessments (91.7% completion rate).
Fig 1 Randomization of patients
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Baseline characteristics were well-balanced between groups (Table 1). The mean age was 58.4±12.3 years, with 58.3% male participants. The mean time since stroke was 6.8±3.2 months, and 52.4% had right-sided hemiplegia.
4.2 Primary Outcome: Barthel Index
MCID :1.85 Points
95% CI for inter-rater reliability of 0.978 to 0.995 and for test-retest reliability of 0.918 to 0.982
Table 2 presents the Barthel Index scores across all time points. The mixed-effects model revealed significant main effects for time (F=156.8, p<0.001) and group-by-time interaction (F=12.4, p<0.001), indicating differential improvement between groups over time.
At baseline, there were no significant differences in BI scores between groups (experimental: 45.2±18.7; control: 43.8±17.9; p=0.72). At 6 weeks post-intervention, the experimental group showed significantly greater improvement (61.0±20.1) compared to the control group (52.0±19.4; p=0.037, Cohen's d=0.46). This difference was more pronounced at 12-week follow-up (experimental: 67.3±21.2; control: 55.1±20.8; p=0.009, Cohen's d=0.58).
Within-group analysis revealed significant improvements from baseline in both groups at all time points (all p<0.001). However, the experimental group demonstrated larger effect sizes for improvement (baseline to 12 weeks: d=1.24 vs. d=0.68 for control group).
4.3 Secondary Outcomes
4.3.1 Functional Independence Measure (FIM) Motor Subscale
MCID : 17Points
95% CI of [0.404–0.811]
Similar patterns were observed for FIM motor scores (Table 3). The experimental group showed significantly greater improvements at 6 weeks (67.2±15.8 vs. 58.9±14.2; p=0.012, Cohen's d=0.56) and 12 weeks (72.1±16.4 vs. 62.3±15.7; p=0.006, Cohen's d=0.61) compared to the control group.
4.3.2 Canadian Occupational Performance Measure (COPM)
MCID: Between1.45 to and 3.20 points
95% CI for the COPM performance ICC of 0.81 to 0.96
COPM performance scores showed significant between-group differences favoring the experimental group at both post-intervention time points (Table 4). At 12 weeks, the experimental group scored 6.8±1.9 compared to 5.2±1.7 in the control group (p<0.001, Cohen's d=0.89).
COPM satisfaction scores followed a similar pattern, with the experimental group showing greater improvements at 6 weeks (6.1±1.8 vs. 4.9±1.6; p=0.002) and 12 weeks (7.2±1.8 vs. 5.7±1.9; p<0.001).
4.4 Adverse Events
No serious adverse events related to the interventions were reported. Minor adverse events included temporary skin redness at electrode sites in 8 participants (19%) in the experimental group, which resolved within 24 hours. Two participants in the control group reported temporary muscle soreness during conventional exercises.
5. Discussion
This randomized controlled trial demonstrated that FES combined with motor relearning programs significantly improves ADL performance in patients with upper limb impairment following ischemic stroke compared to conventional physiotherapy alone. The combined intervention showed superior effects across all outcome measures, with improvements maintained at 12-week follow-up.
5.1 Primary Findings
The 15.8-point improvement in Barthel Index scores in the experimental group compared to 8.2 points in the control group represents a clinically meaningful difference. Previous research has established that a 4-point change in BI represents a minimal clinically important difference (Hsieh et al., 2007), suggesting that our findings have practical significance for patients' daily functioning.
The sustained improvements at 12-week follow-up are particularly noteworthy, as they suggest that the combined intervention may promote lasting neuroplastic changes rather than temporary effects. This finding aligns with motor learning principles, which suggest that intensive, task-specific practice can lead to permanent changes in motor skill acquisition (Schmidt & Lee, 2019).
5.2 Mechanisms of Action
The superior outcomes observed with the combined intervention may be attributed to several mechanisms. FES provides sensory feedback and facilitates muscle activation, potentially enhancing the motor relearning process through increased sensorimotor integration (Rushton, 2003). The electrical stimulation may also promote neuroplasticity by increasing cortical excitability and facilitating use-dependent plasticity (Hummelsheim et al., 1997).
Motor relearning programs emphasize task-specific practice and progressive skill acquisition, which are fundamental to motor recovery post-stroke (Krakauer, 2006). The combination of FES with motor relearning may create an optimal environment for neuroplastic changes by providing both afferent stimulation and efferent motor practice.
5.3 Comparison with Previous Studies
Our findings are consistent with previous research demonstrating the benefits of FES for upper limb recovery post-stroke. Chae et al. (2009) reported similar improvements in functional outcomes with FES intervention, though their study did not specifically examine ADL performance. A systematic review by Eraifej et al. (2017) found moderate evidence for FES effectiveness but noted the need for standardized outcome measures and intervention protocols.
The motor relearning component of our intervention aligns with evidence supporting task-specific training for stroke recovery. French et al. (2016) demonstrated that repetitive task training improved upper limb function, though the magnitude of improvement in our study was greater, possibly due to the synergistic effects of combining FES with motor relearning.
5.4 Clinical Implications
The results of this study have important implications for stroke rehabilitation practice. The combined FES and motor relearning approach offers a feasible intervention that can be implemented in clinical settings with appropriate training and equipment. The significant improvements in ADL performance suggest that this intervention could reduce dependency and improve the quality of life for stroke survivors.
The patient-centered outcomes measured by COPM demonstrate that improvements were not only statistically significant but also meaningful to patients in their daily lives. This is crucial for rehabilitation interventions, as patient-perceived improvements are essential for motivation and long-term adherence to treatment programs.
5.5 Limitations
Several limitations should be acknowledged. First, the inability to blind participants and treating therapists may have introduced performance bias, though the use of blinded outcome assessors minimized detection bias. Second, the study population was limited to patients with mild to moderate impairment (BI 20-80), and results may not generalize to patients with more severe deficits.
Third, the intervention was delivered in a controlled research environment with dedicated equipment and trained personnel, which may not reflect real-world clinical practice. The cost-effectiveness of the intervention was not evaluated, which is important for healthcare decision-making.
Fourth, while the 12-week follow-up provides insight into short-term maintenance of effects, longer-term follow-up would be valuable to assess the durability of improvements. Finally, the study did not include measures of cortical changes or biomarkers that could provide insight into the underlying mechanisms of recovery.
5.6 Future Research Directions
Future research should investigate the optimal parameters for FES (frequency, intensity, duration) and the most effective components of motor relearning programs. Studies examining the intervention in patients with different severity levels and stroke characteristics would enhance generalizability.
Investigation of the underlying neurophysiological mechanisms through neuroimaging or electrophysiological measures would provide valuable insights into how the combined intervention promotes recovery. Additionally, economic evaluations and implementation studies are needed to facilitate translation into clinical practice.
Long-term follow-up studies (6-12 months) would provide important information about the sustainability of improvements and the need for maintenance interventions. Finally, research comparing different combinations of interventions could help optimize treatment protocols for individual patients.
5.7 Clinical Recommendations
Based on these findings, clinicians should consider incorporating FES combined with motor relearning programs into rehabilitation protocols for stroke patients with upper limb impairment. The intervention appears most suitable for patients with mild to moderate impairment who can participate in active motor relearning exercises.
Implementation should include proper training of rehabilitation professionals in FES application and motor relearning principles. Regular monitoring of progress using standardized outcome measures is recommended to adjust treatment intensity and focus areas based on individual response.
Patient education about the intervention and realistic goal setting are important for maximizing engagement and adherence. The patient-centered approach demonstrated by COPM improvements suggests that involving patients in identifying priority areas for improvement enhances intervention effectiveness.
6. Conclusion
This randomised controlled trial provides strong evidence that FES combined with motor relearning programs significantly improves ADL performance in patients with upper limb impairment following ischemic stroke. The intervention demonstrated superior effectiveness compared to conventional physiotherapy alone, with improvements maintained at 12-week follow-up.
The combined approach addresses both motor output through electrical stimulation and motor learning through task-specific practice, potentially optimizing neuroplastic recovery mechanisms. The clinically meaningful improvements in ADL performance, as measured by standardized assessments and patient-perceived outcomes, support the integration of this intervention into stroke rehabilitation protocols.
The findings contribute to the growing evidence base for combining therapeutic modalities to enhance stroke recovery outcomes. Future research should focus on optimizing intervention parameters, investigating underlying mechanisms, and evaluating long-term effects to further refine this promising rehabilitation approach.
Healthcare providers should consider implementing FES combined with motor relearning programs as an evidence-based intervention for improving functional independence in stroke survivors, while ensuring appropriate training and resources for safe and effective delivery.
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Table 1: Baseline Characteristics of Study Participants
	Characteristic
	Experimental Group (n=42)
	Control Group (n=42)
	p-value

	Age (years), mean ± SD
	58.7 ± 12.1
	58.1 ± 12.6
	0.82

	Male, n (%)
	25 (59.5)
	24 (57.1)
	0.82

	Time since stroke (months), mean ± SD
	6.9 ± 3.1
	6.7 ± 3.4
	0.78

	Affected side (right), n (%)
	22 (52.4)
	22 (52.4)
	1.00

	Stroke location, n (%)
	
	
	0.71

	- Middle cerebral artery
	28 (66.7)
	26 (61.9)
	

	- Anterior cerebral artery
	8 (19.0)
	10 (23.8)
	

	- Posterior circulation
	6 (14.3)
	6 (14.3)
	

	Modified Ashworth Scale, mean ± SD
	1.2 ± 0.6
	1.1 ± 0.7
	0.52

	MMSE score, mean ± SD
	27.3 ± 2.1
	27.1 ± 2.3
	0.67

	Barthel Index, mean ± SD
	45.2 ± 18.7
	43.8 ± 17.9
	0.72

	FIM Motor, mean ± SD
	54.3 ± 12.8
	53.1 ± 13.2
	0.66


SD = Standard Deviation; MMSE = Mini-Mental State Examination; FIM = Functional Independence Measure
Table 2: Barthel Index Scores Across Time Points
	Time Point
	Experimental Group
	Control Group
	Between-group Difference
	p-value
	Effect Size (Cohen's d)

	Baseline
	45.2 ± 18.7
	43.8 ± 17.9
	1.4 ± 18.3
	0.72
	0.08

	6 weeks
	61.0 ± 20.1
	52.0 ± 19.4
	9.0 ± 19.8
	0.037*
	0.46

	12 weeks
	67.3 ± 21.2
	55.1 ± 20.8
	12.2 ± 21.0
	0.009**
	0.58

	Within-group changes
	

	Baseline to 6 weeks
	15.8 ± 8.4
	8.2 ± 6.1
	7.6 ± 7.5
	<0.001***
	1.06

	Baseline to 12 weeks
	22.1 ± 9.2
	11.3 ± 7.8
	10.8 ± 8.6
	<0.001***
	1.31


*Values presented as mean ± standard deviation; *p<0.05, **p<0.01, **p<0.001
Table 3: Functional Independence Measure Motor Subscale Scores
	Time Point
	Experimental Group
	Control Group
	Between-group Difference
	p-value
	Effect Size (Cohen's d)

	Baseline
	54.3 ± 12.8
	53.1 ± 13.2
	1.2 ± 13.0
	0.66
	0.09

	6 weeks
	67.2 ± 15.8
	58.9 ± 14.2
	8.3 ± 15.1
	0.012*
	0.56

	12 weeks
	72.1 ± 16.4
	62.3 ± 15.7
	9.8 ± 16.1
	0.006**
	0.61

	Within-group changes
	

	Baseline to 6 weeks
	12.9 ± 7.2
	5.8 ± 4.9
	7.1 ± 6.3
	<0.001***
	1.26

	Baseline to 12 weeks
	17.8 ± 8.9
	9.2 ± 6.4
	8.6 ± 7.9
	<0.001***
	1.23


*Values presented as mean ± standard deviation; *p<0.05, **p<0.01, **p<0.001
table 4: Canadian Occupational Performance Measure Scores
	Measure
	Time Point
	Experimental Group
	Control Group
	Between-group Difference
	p-value
	Effect Size (Cohen's d)

	Performance Score
	Baseline
	3.4 ± 1.3
	3.2 ± 1.2
	0.2 ± 1.3
	0.45
	0.16

	
	6 weeks
	6.2 ± 1.6
	4.8 ± 1.4
	1.4 ± 1.5
	<0.001***
	0.93

	
	12 weeks
	6.8 ± 1.9
	5.2 ± 1.7
	1.6 ± 1.8
	<0.001***
	0.89

	
	
	
	
	
	
	

	Satisfaction Score
	Baseline
	3.1 ± 1.4
	3.0 ± 1.3
	0.1 ± 1.4
	0.73
	0.07

	
	6 weeks
	6.1 ± 1.8
	4.9 ± 1.6
	1.2 ± 1.7
	0.002**
	0.71

	
	12 weeks
	7.2 ± 1.8
	5.7 ± 1.9
	1.5 ± 1.9
	<0.001***
	0.81

	
	
	
	
	
	
	


*Values presented as mean ± standard deviation; **p<0.01, **p<0.001
Table 5: Summary of Treatment Adherence and Adverse Events
	Parameter
	Experimental Group (n=42)
	Control Group (n=42)
	p-value

	Treatment Adherence
	
	
	

	Sessions completed (out of 30), mean ± SD
	28.4 ± 2.1
	27.9 ± 2.3
	0.29

	Completion rate ≥80%, n (%)
	40 (95.2)
	39 (92.9)
	0.64

	Adverse Events
	
	
	

	Any adverse event, n (%)
	8 (19.0)
	2 (4.8)
	0.04*

	Skin redness at electrode sites
	8 (19.0)
	0 (0.0)
	0.006**

	Muscle soreness
	0 (0.0)
	2 (4.8)
	0.15

	Serious adverse events
	0 (0.0)
	0 (0.0)
	-

	Withdrawals due to adverse events
	0 (0.0)
	0 (0.0)
	-


*SD = Standard Deviation; *p<0.05, *p<0.01
image1.jpeg
124 patients screened
for eligibility

!

84 met inclusion criteria
and were randomized

—

Allocated to Allocated to
-experimental group control group
M 1
3 withdrew 4 withdrew
Medical complications Medical complication
Transportation issues Transportation issues
Personal reasons Personal reasons
¥ ¥
39 completed all 38 completed all
assessments assessments

12-week follow-up





