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Abstract

Background: Stroke is a leading cause of disability worldwide, affecting millions of people
annually and leading to significant healthcare utilization. Survivors of stroke often experience
balance impairments in the early subacute phase, mainly due to sensory and vestibular deficits,
which can greatly impact their quality of life.

Methods: To evaluate the effectiveness of vestibular and somatosensory interventions on
balance and quality of life, a double-blind, randomized controlled trial was conducted on early
subacute stroke patients with vestibular syndrome. 52 patients were randomly assigned to either
a vestibular or somatosensory rehabilitation group or a control group that received standard
care. The trial was completed by 49 patients who were assessed at baseline and 12 weeks post-
intervention using the Berg Balance Scale and the Vestibular Quality of Life Questionnaire.

Results: Both vestibular and somatosensory rehabilitation interventions demonstrated
significant improvements in balance, as measured by the Berg Balance Scale scores, and quality
of life based on the scores from the Vestibular Quality of Life Questionnaire at p<0.05, compared
to the control group. There were no significant differences between the two intervention groups
in terms of their impact on balance or quality of life outcomes.

Conclusion: Vestibular and somatosensory rehabilitation interventions are both effective
strategies for improving balance and quality of life in patients at the early subacute stage of
stroke with vestibular syndrome. These results highlight the necessity of implementing targeted
rehabilitation approaches in stroke care protocols to achieve the best possible functional
outcomes and long-term recovery.
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Introduction

Stroke is a leading cause of death and disability globally, affecting millions of people and putting
immense pressure on healthcare systems®. It occurs when a part of the brain is deprived of
oxygen and nutrients due to a problem with blood supply, causing brain cells to die?. This leads
to various impairments such as motor issues, cognitive deficits, and balance problems,
significantly reducing the quality of lifel2.

The World Stroke Organization (WSO) considers stroke a significant global public health issue,
with over 100 million people having experienced a stroke worldwide3. In 2019 alone, there were
12.2 million new cases of stroke, leading to 6.6 million deaths and 143 million years of life lost
due to disability-adjusted life years (DALYs). The risk of having a stroke has increased by 50% from
1990 to 2017, and the prevalence of stroke has risen by 102% from 1990 to 20193. In Pakistan,
with a population of around 225 million, the burden of stroke is substantial. While
comprehensive studies to determine the true incidence of stroke in the country are lacking,
estimates suggest an annual incidence of 250 cases per 100,000 individuals®. Some regional
studies have reported stroke prevalence rates of 1.2% among adults in certain areas and 4.8% in
specific communities>. The mean age of stroke patients in Pakistan tends to be younger
compared to patients in Western countries, and stroke-related mortality ranges from 11% to
30%*>.

Individuals who have experienced a stroke are at high risk of falls due to motor and higher
cerebral function impairments. Sensory, vestibular, and perceptual dysfunctions following a
stroke can further increase this risk®. Recognizing and managing vestibular symptoms early on is
crucial in preventing falls and maximizing recovery in stroke survivors. Neurorehabilitation to
enhance postural stability and balance has gained significant attention in clinical practice.
Effective management of vestibular dysfunction can lead to significant improvements in balance,
mobility, and quality of life for patients following a stroke’. Vestibular rehabilitation is an
exercise-based approach that targets gaze stability, improves postural stability, and aids in
sensory integration. Research has shown that it can enhance balance in individuals with
peripheral vestibular dysfunction and those with vestibular hypofunction?.
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It also improves balance and postural recovery in several forms of damage to the central nervous
system, including conditions such as Parkinson’s disease, multiple sclerosis, concussion, and
cerebral palsy. Somatosensory rehabilitation is another effective method of improving
proprioceptive functions and somatosensory integration to enhance coordination and balance
for vestibular symptoms®. These two rehabilitation methods have been promising in enhancing
balance, mobility, and quality of life among such patients!?. The efficacy of vestibular and
somatosensory interventions for post-stroke vestibular symptoms remains significant in the
literature. The evaluation of the effectiveness of such interventions in patients with vestibular
syndrome and early subacute stroke will provide partial insight into the development of best
practices at the clinical level and the optimization of outcomes for patients with such conditions.
This study would fill a literature gap and thus improve care among stroke survivors.

Methodology

Study Design and Setting

This was a double-blind, randomized controlled trial conducted at the University Hospital, Gujrat,
in the Neurology and Rehabilitation Departments. The effectiveness of vestibular and
somatosensory interventions on balance in patients with early subacute stroke with vestibular
syndrome was measured.

Sample Size Calculation

This study initially enrolled 52 participants, with a statistical power of 0.8, to detect significant
differences between the groups regarding balance improvement at a significance level of 0.05
and an effect size of 0.8.

Sampling Technique

Participants were consecutively sampled from admissions to a neurological ward. The attending
neurologist and rehabilitation therapist performed an eligibility assessment, and participants
were included if they fulfilled the following criteria:

Inclusion Criteria
o Age between 50-80 years.
o Diagnosed with early subacute stroke, 7 to 14 days post-stroke.
e The patient can follow simple commands and perform exercises as required by the
rehabilitation process.
e The patient has medical clearance for PT.

e MMSE > 24.
e Presence of symptoms of vestibular syndrome such as vertigo, dizziness, imbalance, or
nystagmus.
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Exclusion Criteria
e MMSE score less than 24.
e Severe loss in vision and severe hearing disability.
o Past vestibular disorders.
e Other neurological and musculoskeletal diseases affect balance.
¢ Unstable cardiovascular conditions.

Outcome Measures
The study used two primary measures to denote the outcome for assessing the effectiveness of
interventions:

Berg Balance Scale (BBS)

The participants’ balance was assessed using the Berg Balance Scale, which consists of 14 items
that evaluate functional tasks such as sitting, standing, reaching, and turning. The scores on the
scale range from 0 to 56, with higher scores indicating better balance. The reliability of the BBS
is satisfactory in stroke populations!?.

Vestibular Quality of Life Questionnaire

Quality of life (QOL) in individuals with vestibular disorders is evaluated using the Vestibular
Disorders Quality of Life (VQOL) questionnaire. This questionnaire covers vestibular symptoms’
physical, functional, emotional, and social aspects. Higher scores on the VQOL indicate better
quality of life. The VQOL has demonstrated good internal consistency and test-retest reliability
in populations with vestibular disorders'?,

Therapist Role and Blinding

Interventions were given under supervision by trained rehabilitation therapists. Participants
were blinded to group allocations, and outcome assessors (blinded to the delivery of the
interventions) measured outcomes without bias.

Intervention Protocols

e Vestibular Rehabilitation Group (n=17)
Participants performed Cawthorne-Cooksey exercises to enhance vestibular-ocular and
vestibulospinal reflexes. It involved exercises of eye movements, head movements, and
balance exercises done in a sitting position twice a day for 15 minutes each session.

e Somatosensory Rehabilitation Group (n=17)
Participants performed Frenkel’s exercises to enhance proprioceptive functions and
somatosensory integration. The exercises were performed in slow, repetitive movements
to improve coordination and accuracy, twice a day for 15 minutes per session.
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e Control Group (Usual Care) (n=18)
The subjects remained under usual medical and rehabilitation treatment as ordered by
their treating physicians, but no specific vestibular or somatosensory interventions were
delivered under this study protocol.

All subjects continued their prescribed pharmacological treatment by the treating physicians. Any
modification or alteration in medication was documented and duly considered during data
analysis.

Ethical Considerations

The Declaration of Helsinki principles were strictly adhered to. The institutional ethics committee
obtained the approval for the study design. Written informed consent was sought from all the
participants. Data confidentiality and participant anonymity were maintained rigorously
throughout the study.

Statistical analysis

Data analysis was done using SPSS version 25. A summary of the baseline characteristics and
outcome measures was presented through descriptive statistics, which included means, standard
deviations, frequencies, and percentages. Within-group comparisons were made with paired t-
tests, while between-group comparisons were conducted using an independent t-test with
p<0.05 set as the significance level.

Results

The original sample size was 52, divided into experimental and control groups. Throughout the
study, there were drop-outs totaling about 5%, resulting in a post-intervention sample size of 49.
Analysis of the demographic characteristics revealed that the average age of the respondents
was 65.3 * 8.2 years, with 53% being male and 47% female. The groups were matched for age,
gender distribution, and other relevant demographic variables, as indicated in Table 1, ensuring
a homogeneous study population.

Table-1 Demographic characteristics of participants

Vestibular Somatosensory Control
Variables Rehabilitation Rehabilitation (Usual Care)
(n=16) (n=16) (n=17)
Mean Age (years) 66.1+8.0 64.918.4 65.0+8.2 65.31£8.2
Gender (Male/Female) 8/8 8/8 10/7 26/23
Mean Duration Post- 1042 943 1042 1042
Stroke (days)
MMSE Score
+ + + +
(Mean#SD) 27.5£1.2 27.3¥1.1 27.4+1.3 27.4+£1.2
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The Shapiro-Wilk test has shown that data for both outcome measures, BBS and VQOL scores,
are usually distributed in both groups, hence permitting parametric tests (p>0.05).

Participants undergoing vestibular rehabilitation exhibited significant changes from the baseline
to the 12-week follow-up assessment for balance and VQOL. The average BBS score improved
from 3014 to 3613 after the intervention, while the corresponding VQOL score changed from
70+10 to 7548. Participants undergoing somatosensory rehabilitation also significantly improved
BBS and VQOL scores. The average BBS score was increased from 2943 at baseline to 3414 post-
intervention, with a concomitant improvement in VQOL score from 6818 to 73+7. The control
group receiving usual care had no significant changes in BBS or VQOL scores at 12 weeks. The
mean BBS score was 28 + 5 at baseline and 29 + 5 post-intervention, with a p > 0.05 compared to
the VQOL score of 65+12 at baseline versus 66+11 post-intervention (Table-2).

Table-2 Baseline and Post-Intervention Scores for BBS and VQOL

Grou Baseline BBS Post-Intervention Baseline VQOL Post-Intervention
P (MeantSD) BBS (MeanzSD) (Mean1SD) VQOL (MeantSD)
Vestibular
+ + + +
Rehabilitation 304 3643 70£10 7518
Somatosensory 29+3 34+4 6848 73+7
Rehabilitation
Control (Usual Care) 2815 2945 65+12 66111

No statistically significant differences in either the BBS or VQOL scores were found between the
vestibular and somatosensory rehabilitation groups (p>0.05). The findings indicate that both
vestibular and somatosensory rehabilitation were equally effective in enhancing balance and
quality of life in individuals with early subacute stroke with vestibular syndrome.

Discussion

This randomized controlled trial was conducted to establish the efficacy of vestibular and
somatosensory rehabilitation intervention on balance and quality of life in patients with early
sub-acute stroke with vestibular syndrome. The study’s primary findings have proven that a
significant effect was noticed in balance and quality of life using these interventions compared
to the usual care. Both vestibular and somatosensory rehabilitation resulted in significant
improvement in the BBS-measured balance. These results support prior research that has shown
this same advantage of vestibular rehabilitation in improving postural control and thereby
reducing the risk of falls for stroke victims'3. Interventions targeting somatosensory functions
also improved proprioception and the patient’s tactile sensitivity, culminating in improved
balance outcomes. Participants in both intervention groups reported improved quality of life, as
measured with the VQOL. Improvements in subjective well-being are consistent with previous
literature where vestibular rehabilitation improves stroke survivors’ general quality of life.
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When compared to the studies by Abasi et al.}* and Hebert et al.'® it is stressed that vestibular
rehabilitation will impact much more globally than just on balance alone, prompting
improvements in fatigue and independence in daily activities. Although these were conducted
on different patient populations, the multidimensional benefits of vestibular rehabilitation in
neurological disorders are apparent. The improvement in balance and quality of life could be due
to enhanced sensory integration and motor control by interventions of both the vestibular and
somatosensory nature. The interventions promote neuroplasticity and sensorimotor
reorganization, which are essential in stroke recovery. Vestibular and somatosensory
rehabilitative intervention can be included in the physiological early subacute stroke care
protocol for providing maximum functional outcomes and long-term recovery®'’. These
interventions must be patient-specific to pursue maximum potential and optimize overall
rehabilitation outcomes?.

Limitations and Future Directions

The limitations of this study were a relatively small sample size of participants and the short-term
follow-up period. Future studies are warranted to examine larger cohorts with longer-term
outcomes to investigate the durability of the rehabilitation effect and allow the examination of
additional outcomes of interest, such as fatigue and depression, which impact recovery
trajectories.

Conclusion

The findings revealed the effectiveness of vestibular and somatosensory interventions on
improved balance and quality of life among individuals with early subacute stroke and vestibular
syndrome. If clinicians focus more on such individualized rehabilitation ideas, that is, cortical
reorganization after brain damage, functional outcomes could be optimized and quality of life
enhanced for stroke survivors.
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