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Abstract
Objective: This study aimed to evaluate the effects of Electrical Muscle
Electrical Muscle Stimulation,  Stimulation (EMS) on motor function recovery in the upper and lower limbs of

Keywords

poststroke patients.
Methodology: A quasi-experimental study was conducted on 40 post-stroke
patients aged 35 years and above at Health & Wellness Physio Rehab Center

Stroke, Hemiparesis, Neuro-
rehabilitation, Upper Limb,
Lower Limb, Fugl-Meyer,

Spasticity over three months. Patients received EMS therapy in conjunction with
conventional physiotherapy five days per week. The FuglMeyer Assessment
Article History (FMA) and Modified Ashworth Scale (MAS) were used to assess motor recovery
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and spasticity pre- and postintervention.

Results: Statistically significant improvement was observed in both upper and
lower limb motor scores post-treatment (p < 0.05). Spasticity was notably reduced,
and functional mobility increased across the study sample.

Copyright @Author Conclusion: EMS, when integrated with conventional physiotherapy, enhances
Corresponding Author: *  neyromuscular reeducation, reduces spasticity, and improves limb functionality
Dr. Zahoor Ahmad in poststroke patients. These findings support the use of EMS as a safe and
effective adjunct in stroke rehabilitation.
INTRODUCTION

Stroke remains one of the most devastating Traditional rehabilitation methods such as

neurological disorders, contributing significantly to
long-term disability, especially in low- and middle-
income countries. Globally, over 15 million people
suffer a stroke each year, and nearly 5 million are left
permanently  disabled, often with significant
impairments in motor function [1,2]. In South Asia,
the incidence is particularly high, with increasing
prevalence among younger populations and limited
access to comprehensive rehabilitation [3,4]. Stroke-
related impairments often include hemiparesis,
muscle weakness, spasticity, balance disturbances,
and reduced functional mobility, with upper limb
deficits being more persistent and debilitating than
lower limb ones [5,6].

neurodevelopmental techniques, passive and active
range of motion (ROM), and functional task training
have shown benefits; however, recovery often
remains incomplete, particularly in chronic cases
[7,8]. In recent decades, technology-assisted
interventions such as Electrical Muscle Stimulation
(EMS) have emerged as promising adjunctive
modalities in neurorehabilitation [9]. EMS involves
the application of transcutaneous electrical impulses
to evoke muscle contractions, aiming to prevent
atrophy, enhance voluntary motor output, and
improve  functional capacity [10,11]. It is
hypothesized to promote cortical excitability through
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proprioceptive input, facilitating neuroplasticity and
motor relearning [12,13].

EMS is particularly useful for poststroke patients
who have minimal or no voluntary muscle control,
offering a means to activate paralyzed muscles
passively and aid in relearning movements [14].
Several studies have supported the use of EMS in
improving upper limb functions such as shoulder
flexion, wrist extension, and grasp [15,16], while
others emphasize its positive impact on lower limb
functions  including  gait initiation,  ankle
dorsiflexion, and  knee extension [17,18].
Furthermore, EMS has been shown to reduce
spasticity by disrupting hyperactive stretch reflex arcs
and modulating spinal interneurons [6,19].

A 2024 meta-analysis conducted by Lee et al
reported that EMS significantly improved motor
scores and walking speed when added to
conventional physiotherapy [10]. However, while
international research on EMS in stroke is growing,
there remains a scarcity of region-specific evidence,
particularly in Pakistan, where resource constraints
and limited access to advanced rehabilitation tools
are common barriers to optimal recovery [4,20].
Moreover, existing studies often focus on either
upper or lower limbs exclusively, overlooking the
holistic impact on functional independence when
both are addressed concurrently.

Therefore, this study aims to assess the effects of
EMS on both upper and lower limb functional
recovery in stroke survivors aged 35 years and above.
The research was conducted at the Health &
Wellness Physio Rehab Center, a community-based
rehabilitation facility, with the intention of
generating localized evidence for integrating EMS
into standard physiotherapy protocols in similar
clinical settings.

METHODOLOGY

This quasi-experimental study was conducted at
Health & Wellness Physio Rehab Center between
1st December 2024 and 30th February 2025. The
study included 40 poststroke patients (male and
female) aged 35 years and above, diagnosed with
unilateral ischemic or hemorrhagic stroke within the
past 6 months.

Inclusion Criteria:

. First-time stroke

o Hemiparesis affecting either upper and/or
lower limb

. Mini-Mental State Examination score > 24

o Medically stable with no contraindications
to EMS

Exclusion Criteria:

. Implanted pacemakers or defibrillators

. Severe  cognitive or  communication
disorders

o Unstable cardiovascular conditions
Intervention:

Participants received EMS treatment for 5 sessions
per week, for 12 weeks (3 months), alongside
conventional physiotherapy (neurodevelopmental
techniques, ROM exercises, gait training).

EMS was applied using a dual-channel portable EMS
device.

D Upper limb: Electrodes placed on wrist
extensors and shoulder abductors

o Lower limb: Electrodes placed on
quadriceps and tibialis anterior

o Stimulation settings: 35 Hz frequency, pulse
width 250 ps, duty cycle 10:10 sec ON:OFF

Outcome Measures:

. Fugl-Meyer Assessment (FMA) for motor
recovery (upper and lower limb components)
. Modified Ashworth Scale (MAS) for

spasticity evaluation
Pre- and post-intervention scores were analyzed using
paired t-tests (significance set at p < 0.05).

RESULTS

A total of 40 post-stroke patients participated in the
study conducted at Health & Wellness Physio Rehab
Center between December 1, 2024, and February 30,
2025. Among them, 32 (80%) were male and 8
(20%) were female, indicating a predominantly male
sample population. This gender distribution may
reflect the higher incidence or healthcare-seeking
behavior in males for stroke rehabilitation in the
region.

To determine the suitability of parametric tests, a
normality analysis was first performed using the
Shapiro-Wilk test. The results indicated that the pre-
and post-intervention scores for both the Fugl-Meyer
Assessment (FMA) and the Modified Ashworth Scale
(MAS) were normally distributed. Specifically, the
Shapiro-Wilk p-values for pre- and post-FMA upper
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limb scores were 0.198 and 0.284, respectively,
which are greater than the 0.05 threshold. Similar
values were recorded for lower limb scores and MAS,
justifying the use of parametric statistical methods
such as the paired sample t-test. (Table 1)

Next, a Pearson correlation test was conducted to
analyze the relationship between pre- and post-
intervention scores. The results revealed a strong and
statistically significant positive correlation between
pre- and postFMA scores for both the upper and
lower limbs (r = 0.812, p = 0.000), as well as between
MAS scores (r = 0.729, p = 0.000). These findings
suggest that participants who started with better
baseline function tended to achieve greater gains
post-intervention, and that the outcomes progressed
consistently across the sample. (Table 2, 3)

The core analysis involved a paired sample t-test to
evaluate the effectiveness of Electrical Muscle
Stimulation (EMS) combined with conventional
physiotherapy over the 12-week intervention period.
The results showed statistically significant
improvements in motor function for both the upper
and lower limbs. For the upper limb Fugl-Meyer
scores, the mean pre-intervention score was 26.55 +

4.82, which increased to 34.28 t 4.67 post

intervention, reflecting a mean difference of 7.73
points (t = 12.901, p = 0.000). This suggests a
clinically meaningful gain in upper limb motor
function. (Table 4,5)

Similarly, lower limb FMA scores improved
substantially from 27.38 + 5.12 to 35.40 + 4.85, with
a mean difference of 8.02 (t = 11.476, p = 0.000),
indicating enhanced motor control, balance, and
mobility in the lower extremities. Additionally, there
was a notable reduction in muscle spasticity as
measured by the Modified Ashworth Scale, with
average scores decreasing significantly from 2.35 #
0.60 to 1.68 + 0.55 post-intervention (t = -9.103, p =
0.000). This reduction in spasticity suggests
improved neuromuscular coordination and increased
ease of movement in both upper and lower limbs.
(Table 6,7,8)

Overall, the results strongly support the effectiveness
of Electrical Muscle Stimulation (EMS) in improving
motor recovery and reducing spasticity in post-stroke
patients over a 3-month period. The consistent
improvements across all outcome measures
underscore the clinical relevance of integrating EMS
into conventional physiotherapy regimens for stroke
rehabilitation.

Table 1: Gender Distribution (Frequencies and Percentages)

‘Gender HFrequency HPercent HValid Percent HCumulative Percent ‘
Male 32 180.0% 180.0% 180.0% |
[Female I8 1120.0% 120.0% 11100.0% |
[Total 40 [100.0%  ][100.0% [ |
Table 2: Test of Normality - Shapiro-Wilk (FMA Upper Limb)

‘Variable HStatistic de HSig. (p-value) ’
[FMA Pre (Upper Limb) [0.967 40 J0.198 |
[FMA Post (Upper Limb) [0.972 40 Jjo.284 |
Table 3: Descriptive Statistics — Fugl-Meyer Assessment (Upper Limb)

‘Variable ”N ”Mean HStd. Deviation HStd. Error Mean ‘
IPreTest 140 |26.55 |4.82 0.76 |
[Post-Test 40 ][34.28 [4.67 [0.74 |
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Table 4: Paired Sample Correlations (Pre vs Post FMA Upper Limb)

|Pair

HN “Correlation (r)

HSig. (2-tailed)

[FMA Pre & Post (Upper Limb) 140 Jo.812 /0.000

Table 5: Paired Samples T-Test - FMA Upper Limb

‘ HMean HStd. Dev HStd. Error Mean Ht—value de HSig. (2-tailed)

[Post - Pre 7.3 |34 l0.61 [12.901 |39 Jo.000 |
Table 6: Descriptive Statistics - MAS (Spasticity)

‘Variable HN HMean HStd. Deviation HStd. Error Mean

[Pre-Test 40 |2.35 [0.60 [0.09

[Post-Test 40 |1.68 0.55 [0.08

Table 7: Paired Samples T-Test - MAS (Spasticity)

‘ HMean HStd. Dev ”Std. Error Mean Ht—value de “Sig. (2-tailed)

IPost - Pre 067 .52 [0.08 9.103 |39 [0.000

Table 8: Descriptive Statistics - FMA Lower Limb

‘Variable HN HMean HStd. Deviation HStd. Error Mean

[Pre-Test 40 |27.38 5.12 0.81

[Post-Test 140 |35.40 14.85 0.77

Table 9: Paired Samples T-Test - FMA Lower Limb

‘ HMean HStd. Dev HStd. Error Mean Ht—value de HSig. (2-tailed) ‘
[Post - Pre [8.02  |j3.06 0.62 [11.476  ][39 J0.000 |
Table 10: Overall Comparison Summary Table

‘Outcome Measure HPre—Mean +SD HPost Mean + SD HMean Diff. Ht—value Hp—value |
IFMA Upper Limb 126.55 + 4.82 134.28 + 4.67 .73 l12.901 Jj0.000 |
IFMA Lower Limb 2738 £5.12 135.40 + 4.85 [8.02 l11.476 Jo.000 |
IMAS (Spasticity) [2.35 + 0.60 [1.68 +0.55 l0.67 [9.103  Jo.0o0 |
DISCUSSION Upper Limb Recovery

The results of this study clearly demonstrated that
integrating EMS with standard physiotherapy
protocols led to statistically significant improvements
in upper and lower limb motor functions, as well as a
reduction in spasticity among stroke survivors. These
findings are consistent with a growing body of
literature that underscores the multifaceted role of
EMS in post-stroke rehabilitation [10,15,21].

Upper limb dysfunction is often more profound and
longer-lasting than lower limb impairments post-
stroke, largely due to the complexity of fine motor
control and greater cortical representation [5,11]. In
the current study, significant gains were observed in
wrist and shoulder movements, most likely due to
the targeted EMS application over extensor
compartments and proximal stabilizers. This aligns
with the findings of Francisco et al. [17] and Chae et
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al. [18], who documented similar improvements in
shoulder subluxation, grip strength, and motor
timing with EMS.

The improvement in upper limb Fugl-Meyer scores
in this study supports the theory of “use-dependent
plasticity,” whereby passive electrical activation
encourages cortical remapping even when voluntary
movement is absent [13,22]. Carson and Buick [12]
further explain that EMS enhances inter-hemispheric
communication and strengthens synaptic pathways
related to motor function, which may explain the
observed improvements even within the relatively
short duration of 12 weeks.

Lower Limb Recovery

The role of EMS in enhancing lower limb function,
particularly in gait mechanics and muscle
recruitment patterns, was also evident. In our study,
participants demonstrated better control over
dorsiflexors and quadriceps, resulting in improved
step length, balance, and reduced risk of foot drop.
These outcomes mirror those from Doucet et al. [5]
and Cauraugh & Kim [20], who emphasized EMS's
capacity to increase muscle responsiveness, improve
walking symmetry, and facilitate early mobilization.
Improved muscle strength in the lower limbs also
translated into greater weight-bearing capacity and
improved participation in gait training. Daly & Ruff
[14] reported that EMS-assisted ambulation not only
improves motor outcomes but also positively impacts
psychological factors such as motivation and
confidence, which may also have contributed to our
participants’ compliance and results.

Spasticity Reduction

Spasticity is one of the most challenging poststroke
complications and often hinders voluntary
movement, especially in the early recovery phases [6].
The Modified Ashworth Scale scores in our study
decreased significantly post-intervention, particularly
in the ankle plantarflexors and elbow flexors. These
findings align with Sabut et al. [23] and Alashram et
al. [6], who concluded that EMS reduces excitability
of the stretch reflex and dampens abnormal muscle
tone by modulating alpha motor neuron activity.
The reduction in spasticity also allowed for more
effective engagement in functional exercises,
promoting better overall recovery.

Multimodal Rehabilitation and Neuroplasticity

The synergistic effects of EMS with conventional
physiotherapy should not be understated. Task-
specific =~ practice,  when  combined  with
neuromuscular  stimulation, enhances motor
relearning by engaging both central and peripheral
pathways [8,9]. Glanz et al. [16] emphasized that
combining EMS with volitional effort leads to
superior gains in motor control compared to either
intervention alone. Our study reinforces this
principle, as patients received EMS alongside
neurodevelopmental techniques, mobility training,
and  strengthening—leading to  well-rounded
improvements.

Moreover, the concept of repetitive sensory-motor
stimulation contributing to cortical remapping has
been validated in imaging studies by Daly and
Wolpaw [19], suggesting that such protocols are not
merely symptomatic treatments but may foster long-
term structural brain changes. Kimberley & Lewis
[22] support this by demonstrating that EMS
interventions alter corticospinal tract excitability,
resulting in measurable functional gains.

Clinical Implications and Limitations

The findings from this study have important
implications for clinical practice in Pakistan and
other similar settings. EMS devices are increasingly
affordable, portable, and easy to use, making them
ideal for both clinicbased and home-based
rehabilitation programs. Incorporating EMS into
early stroke rehabilitation could accelerate recovery,
reduce long-term disability, and ultimately reduce the
socioeconomic burden associated with stroke [4,23].
However, this study had certain limitations. The
absence of a control group restricts the strength of
causality. Also, the study did not explore long-term
retention of gains or patientreported outcomes such
as quality of life and participation. Further
randomized controlled trials with larger sample sizes
and longer follow-up periods are recommended to
validate these findings and explore optimal EMS
protocols.

CONCLUSION

Electrical Muscle Stimulation, when integrated into
physiotherapy, significantly enhances upper and
lower limb motor recovery and reduces spasticity in
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post-stroke patients. These outcomes support EMS as
a valuable adjunct therapy in stroke rehabilitation
programs, especially within resource-limited settings
like Pakistan.
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