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ABSTRACT 
Background: Stroke can lead to spasticity, balance impairments, and lower limb 
motor dysfunction. Whole-body vibration (WBV) and rhythmic auditory 
stimulation (RAS) are two therapeutic interventions that may address these 
deficits. 
Objective: To compare the effects of WBV and RAS on spasticity, balance, and 
lower limb motor function in hemiplegic stroke patients. 
Methods: A single-blinded, randomized controlled trial was conducted with 104 
chronic hemiplegic stroke patients, divided into two groups: Group A (WBV) and 
Group B (RAS). WBV was applied using a vibration platform at 30-40 Hz for 3-
minute sessions, 3 days/week for 4 weeks. RAS involved 90-minute sessions of 
music-based exercises, incorporating rhythmic cues and conventional therapy, 3 
days/week for 4 weeks. Spasticity, balance, and motor function were assessed 
using the Modified Ashworth Scale, Berg Balance Scale, and Fugl-Meyer 
Assessment, respectively. Data were analyzed using SPSS version 27. 
Results: Group A showed greater improvements in spasticity (MAS: 1.2±0.4 vs. 
2.6±0.3), balance (BBS: 49±5 vs. 43±5), and motor function (FMA: 29±5 vs. 
18.5±5) compared to Group B (p<0.05). 
Conclusion: WBV is more effective than RAS in improving spasticity, balance, 
and motor function in chronic hemiplegic stroke patients. 

INTRODUCTION 
Stroke is a neurological condition defined as a sudden 
disruption of blood flow to the brain, leading to functional 
impairments that persist for more than 24 hours. It is 
categorized into ischemic and hemorrhagic types, with 
ischemic strokes comprising approximately 85% of all 
stroke cases. Ischemic stroke occurs due to an interruption 
in cerebral blood flow, resulting in a lack of oxygen and 
nutrient supply to the brain tissue, leading to cellular death 
and neurological deficits. On the other hand, hemorrhagic 
stroke results from the rupture of blood vessels, causing 
intracerebral or subarachnoid hemorrhages, which account 
for about 15% of all stroke cases (1, 5, 7, 8). Globally, stroke 
is a major cause of death and disability, affecting millions of 
people each year. According to the World Health 
Organization (WHO), approximately 15 million individuals 
suffer a stroke annually, out of which 5 million die and 
another 5 million are left permanently disabled (9, 10). The 
burden of stroke is particularly high in low- and middle-
income countries, where the prevalence of risk factors such 
as hypertension, obesity, diabetes, and smoking is 
significant (11). Stroke survivors often experience 
impairments in motor control, balance, and spasticity, 
which severely impact their functional independence and 
quality of life (22, 23). 
Management of post-stroke motor dysfunction and 
spasticity is critical in rehabilitation to restore functionality 

and improve patient outcomes. Various therapeutic 
interventions, including pharmacological and non-
pharmacological approaches, have been employed to 
target these impairments. Whole-body vibration (WBV) and 
rhythmic auditory stimulation (RAS) are two non-invasive 
modalities that have shown promise in improving motor 
function, spasticity, and balance in individuals with 
neurological disorders. WBV involves the application of 
mechanical vibrations to the body, which stimulate muscle 
spindles and Golgi tendon organs, leading to enhanced 
neuromuscular activation and improved motor 
performance. Additionally, WBV promotes proprioceptive 
feedback, improves balance by activating postural muscles, 
and reduces spasticity through modulation of muscle tone 
(30, 35). Several studies have demonstrated the 
effectiveness of WBV in improving muscle strength, 
coordination, and gait in individuals with stroke and other 
neurological conditions, suggesting its potential as a 
valuable adjunct to conventional rehabilitation (35). 
RAS, on the other hand, uses rhythmic cues, typically 
delivered through metronome beats or music, to facilitate 
timing and coordination of motor activities. It engages 
auditory-motor pathways, thereby enhancing motor 
planning, synchronization, and proprioceptive feedback, 
which are crucial for balance and motor control (31, 33, 34). 
The use of rhythmic cues has been shown to improve gait 
parameters such as stride length, walking speed, and 
cadence, making it an effective intervention for enhancing 
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lower limb motor function in stroke patients (34). Moreover, 
RAS has been associated with increased neuroplasticity, 
which further supports its use in rehabilitation to promote 
motor recovery (33, 34). Despite the demonstrated benefits 
of both WBV and RAS, few studies have directly compared 
their efficacy in improving spasticity, balance, and lower 
limb motor function in individuals with hemiplegic stroke. 
This randomized controlled trial aims to address this gap by 
comparing the effects of WBV and RAS on spasticity, 
balance, and lower limb motor function in patients with 
chronic hemiplegic stroke. Understanding the comparative 
effectiveness of these two interventions will provide 
valuable insights for clinicians to optimize rehabilitation 
strategies and improve functional outcomes for stroke 
survivors. Therefore, this study hypothesizes that both WBV 
and RAS will be effective in reducing spasticity and 
enhancing balance and motor function, with WBV 
potentially demonstrating greater efficacy due to its 
multifaceted impact on neuromuscular activation and 
proprioceptive feedback (30, 35). The findings of this study 
will contribute to the growing body of evidence supporting 
the use of non-pharmacological interventions in stroke 
rehabilitation and provide guidance for clinical decision-
making in the management of post-stroke impairments. 

MATERIAL AND METHODS 
The study employed a randomized controlled trial design 
conducted at Sehat Medical Complex, Rehab Cure, and the 
University Institute of Physical Therapy teaching hospital. 
The calculated sample size, based on Berg Balance Scale 
and Fugl-Meyer Assessment as outcome measures, was 
determined to be 86 participants. To account for potential 
dropout, a 20% increase was applied, resulting in a final 
sample size of 104 participants (52 in each group). The study 
adhered to the ethical principles outlined in the Declaration 
of Helsinki, and approval was obtained from the institutional 
review board prior to recruitment. Written informed consent 
was obtained from all participants before inclusion in the 
study, and confidentiality of patient information was 
maintained throughout the study period. 
Participants were recruited based on predefined eligibility 
criteria. Inclusion criteria were individuals aged 40 to 60 
years, both male and female, with a diagnosis of chronic 
stroke (post-6 months onset), Berg Balance Scale (BBS) 
scores ranging from 20 to 40, Fugl-Meyer Motor Scale (FMS) 
scores indicating moderate assistance (up to 3), Mini-
Mental State Examination (MMSE) scores of over 20, and the 
ability to comprehend verbal commands. Participants with 
systemic disorders such as rheumatoid arthritis, unstable 
angina, coexisting physical impairments (e.g., limb 
amputation), a previous history of neurological diseases 
other than stroke (e.g., Parkinson’s disease), previous 
fractures, hearing or perception deficits, or those unable to 
adhere to the study protocol or attend scheduled follow-up 
visits were excluded from the study (26-29). 
Participants were randomly allocated into two groups using 
a lottery method. Group A received whole-body vibration 
(WBV) therapy, while Group B underwent rhythmic auditory 
stimulation (RAS) therapy. WBV therapy was administered 

using a vibration platform where participants stood with a 
semi-flexed knee position. The therapy protocol involved a 
3-minute rest period followed by vibration sessions for a 
total of 4 weeks, three days per week. The acceleration was 
set at 18.0 m/s², with a frequency range of 30-40 Hz, and the 
intensity of the therapy was progressively increased in 
subsequent sessions to challenge neuromuscular 
activation and improve balance and motor control (30). For 
Group B, rhythmic auditory stimulation was provided using 
a combination of metronome beats and music-based 
exercises. The RAS therapy protocol included a 90-minute 
session, combining 60 minutes of RAS music-based 
exercises, 15 minutes of general body warm-up with 
metronome rhythms, and 15 minutes of relaxation exercise 
at the end of the session. Participants were instructed to 
perform various exercises such as lateral walking, military 
marching, anterior and posterior walking, and progression in 
rhythm speed. Sessions were conducted three times per 
week for four weeks, and noise-canceling headphones were 
used to deliver the auditory cues (31). 
The study was single-blinded, with the assessor remaining 
blinded to the treatment allocation. Baseline assessment 
was conducted for each participant before initiating the 
intervention, and a follow-up assessment was carried out 
after four weeks of therapy. Outcome measures included 
the Modified Ashworth Scale (MAS) for evaluating spasticity, 
Berg Balance Scale (BBS) for balance assessment, and Fugl-
Meyer Motor Scale (FMS) for lower limb motor function. 
Assessments were performed in a controlled environment 
to ensure consistency and reliability. Data collection was 
supervised by trained physiotherapists who were not 
involved in delivering the interventions, ensuring objectivity 
in measurement. 
Data analysis was conducted using SPSS version 27.0 (IBM 
Corp., Armonk, NY). Descriptive statistics, including means 
and standard deviations, were computed for demographic 
and baseline characteristics. For between-group 
comparisons, non-parametric tests, such as the Mann-
Whitney U test, were used due to the non-normal 
distribution of most variables as indicated by Kolmogorov-
Smirnov and Shapiro-Wilk tests. Within-group changes were 
analyzed using the Wilcoxon signed-rank test. All statistical 
tests were two-tailed, and a p-value of less than 0.05 was 
considered statistically significant. The results were 
presented using appropriate statistical measures, including 
effect sizes, and visualized through bar charts, pie charts, 
and histograms where necessary to aid interpretation. 
This study was registered under the clinical trial registry 
number NCT06567223, and the reporting adhered to the 
Consolidated Standards of Reporting Trials (CONSORT) 
guidelines for transparency and methodological rigor. 

RESULTS 
The results of this study were analyzed using appropriate 
non-parametric tests due to the non-normal distribution of 
the data as indicated by the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. The demographic characteristics of the 
participants are presented in Table 1, which shows the 
mean age, gender distribution, and paretic side involvement 
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in both groups. Group A (Whole Body Vibration) had a mean 
age of 49.77 ± 5.78 years with a gender distribution of 32 
females (61.5%) and 20 males (38.5%). Group B (Rhythmic 
Auditory Stimulation) had a mean age of 48.63 ± 6.19 years 
with 35 females (67.3%) and 17 males (32.7%). About the 

side of weakness, Group A had 17 cases of right-sided 
involvement, 19 cases of left-sided involvement, and 16 
cases of bilateral involvement, while Group B had 18 cases 
of right-sided, 18 left-sided, and 16 cases of bilateral 
involvement. 

 
Table 1: Demographic Characteristics of Participants 

Group Mean Age (years) Gender Frequency (%) Paretic Side Frequency (%) 

Group A 49.77 ± 5.78 Male 20 (38.5) Right 17 (32.7) 
  Female 32 (61.5) Left 19 (36.5) 
    Bilateral 16 (30.8) 

Group B 48.63 ± 6.19 Male 17 (32.7) Right 18 (34.6) 
  Female 35 (67.3) Left 18 (34.6) 
    Bilateral 16 (30.8) 

The between-group analysis revealed significant differences post-treatment in spasticity, balance, and lower limb motor 
function as measured by the Modified Ashworth Scale (MAS), Berg Balance Scale (BBS), and Fugl-Meyer Assessment (FMA). 
Table 2 presents the results of the Mann-Whitney U test, showing that Group A (Whole Body Vibration) achieved significantly 
better post-treatment outcomes compared to Group B (Rhythmic Auditory Stimulation) across multiple parameters (p < 
0.05). The median values for Group A in MAS, BBS, and FMA were consistently higher than those for Group B, indicating 
superior improvement in reducing spasticity and enhancing balance and motor function. 
 
Table 2: Mann-Whitney U Test Results for Between-Group Comparison 

Variable Duration Group A 

(Mean Rank) 

Median Group B 

(Mean Rank) 

Median P-

Value 

Hip Flexion Pre-treatment 56.58 3.00 48.42 3.00 < 0.001  
Post-treatment 30.73 1.00 74.27 3.00 < 0.001 

Hip Extension Pre-treatment 57.67 3.00 47.33 3.00 < 0.001  
Post-treatment 31.36 1.00 73.64 3.00 0.002 

Knee Flexion Pre-treatment 58.12 3.00 46.88 3.00 < 0.001  
Post-treatment 41.19 1.00 63.81 2.00 < 0.001 

Knee Extension Pre-treatment 58.17 3.00 46.83 3.00 < 0.001  
Post-treatment 41.69 1.00 63.31 2.00 < 0.001 

Berg Balance Scale Pre-treatment 55.18 33.00 49.82 33.00 < 0.001  
Post-treatment 71.66 49.00 33.34 43.00 < 0.001 

Fugl-Meyer Assessment Pre-treatment 63.96 19.00 41.04 17.00 < 0.001 

Post-treatment 77.43 29.00 27.57 18.50 < 0.001 
Within-group analysis using the Wilcoxon signed-rank test demonstrated significant improvements in both Group A and 
Group B from pre- to post-treatment across all variables. Table 3 shows the results, indicating that while both groups 
exhibited improvements in spasticity, balance, and lower limb motor function, Group A showed greater enhancements in 
MAS, BBS, and FMA scores, suggesting the superior efficacy of WBV therapy in comparison to RAS. 
 
Table 3: Wilcoxon Signed-Rank Test Results for Within-Group Analysis 

Variable Group Pre-treatment 

(Mean Rank) 

Median Post-treatment 

(Mean Rank) 

Median P-Value 

Hip Flexion Group A 56.58 3.00 30.73 1.00 < 0.001 

Group B 48.42 3.00 74.27 3.00 < 0.001 

Hip Extension Group A 57.67 3.00 31.36 1.00 < 0.001 

Group B 47.33 3.00 73.64 3.00 0.002 

Knee Flexion Group A 58.12 3.00 41.19 1.00 < 0.001 

Group B 46.88 3.00 63.81 2.00 < 0.001 

Knee Extension Group A 58.17 3.00 41.69 1.00 < 0.001 

Group B 46.83 3.00 63.31 2.00 < 0.001 

Berg Balance Scale Group A 55.18 33.00 71.66 49.00 < 0.001 

Group B 49.82 33.00 33.34 43.00 < 0.001 

Fugl-Meyer 

Assessment 

Group A 63.96 19.00 77.43 29.00 < 0.001 

Group B 41.04 17.00 27.57 18.50 < 0.001 

Overall, the results indicated that both WBV and RAS 
therapies were effective in reducing spasticity and 
enhancing balance and lower limb motor function in 

hemiplegic stroke patients. However, WBV therapy 
demonstrated superior efficacy in all measured outcomes, 
suggesting that it may be a more potent intervention for 
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improving motor recovery and functional independence in 
this population. These findings provide robust evidence for 
clinicians to consider incorporating WBV therapy into 
rehabilitation programs for patients with chronic hemiplegic 
stroke. 

DISCUSSION 
The findings of this study indicated that both whole-body 
vibration (WBV) and rhythmic auditory stimulation (RAS) 
therapies significantly improved spasticity, balance, and 
lower limb motor function in hemiplegic stroke patients, 
with WBV demonstrating superior efficacy. This result aligns 
with previous research that highlighted the positive impact 
of WBV on muscle tone regulation and motor function in 
individuals with neurological impairments. WBV has been 
shown to enhance muscle activation through the 
stimulation of muscle spindles and Golgi tendon organs, 
resulting in reflexive muscle contractions that improve 
neuromuscular coordination (30). Similar findings were 
observed by Lin Rong Liao et al., who reported that WBV 
improved balance and quality of life in stroke patients with 
mild to moderate impairments, though their study did not 
evaluate spasticity in detail (35). The current study extends 
these results by demonstrating that WBV can be effectively 
used in chronic hemiplegic stroke patients, enhancing not 
only balance but also spasticity and motor control, making 
it a promising therapeutic option for long-term 
rehabilitation. 
The effect of RAS was also significant in improving motor 
function, which is consistent with the results of Ahmed et 
al., who found that rhythmic auditory cues enhanced gait 
parameters and motor coordination in hemiplegic stroke 
patients (34). RAS relies on auditory-motor synchronization, 
which facilitates the timing and execution of movements, 
leading to improved motor planning and proprioceptive 
feedback (34). However, in the present study, WBV therapy 
outperformed RAS, possibly due to the additional 
neuromuscular activation induced by mechanical 
vibrations, which directly target muscle tone and strength. 
Previous studies, such as those conducted by Hussain et 
al., have suggested that WBV provides a unique 
combination of sensory stimulation and muscle activation 
that is not typically achieved with auditory cues alone (32). 
This could explain why WBV showed greater improvements 
in spasticity and balance compared to RAS. 
Despite the encouraging results, there were several 
limitations to this study. One of the primary limitations was 
the relatively short duration of the intervention, which was 
limited to four weeks. Longer intervention periods may have 
resulted in more pronounced differences between the two 
therapies, especially in terms of functional outcomes such 
as gait and quality of life. Additionally, the study did not 
include a follow-up assessment to determine the long-term 
effects of these interventions, which is critical for 
understanding the sustainability of these improvements. 
The single-blinded design, where only the assessor was 
blinded, may have introduced potential bias, although 
efforts were made to maintain objectivity. Moreover, the 
study only included chronic hemiplegic stroke patients, 

limiting the generalizability of the findings to individuals in 
the acute or subacute stages of stroke recovery. Future 
research should consider extending the duration of therapy 
and including follow-up assessments to evaluate long-term 
outcomes. Inclusion of patients at different stages of stroke 
recovery could also provide insights into the stage-specific 
effects of WBV and RAS. 
The study’s strength lies in its rigorous design and use of 
validated outcome measures such as the Modified 
Ashworth Scale, Berg Balance Scale, and Fugl-Meyer 
Assessment, which provided a comprehensive evaluation of 
spasticity, balance, and motor function. The use of a large 
sample size and appropriate statistical methods further 
strengthened the reliability of the findings. Furthermore, the 
comparison of two distinct therapeutic modalities offered 
valuable insights into their relative effectiveness, which can 
inform clinical decision-making for individualized 
rehabilitation programs. 

CONCLUSION 
In conclusion, the results indicated that while both WBV and 
RAS therapies are effective for reducing spasticity and 
improving balance and motor function in hemiplegic stroke 
patients, WBV therapy demonstrated superior efficacy. This 
suggests that WBV may be more beneficial for enhancing 
lower limb motor function and neuromuscular coordination. 
Clinicians should consider incorporating WBV into 
rehabilitation protocols for chronic stroke patients, 
especially when the goal is to achieve comprehensive 
improvements in motor function and balance. Further 
research should explore the long-term benefits of these 
therapies and assess their effectiveness in different stages 
of stroke recovery to establish robust clinical guidelines for 
their use. 
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