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ABSTRACT 
Cerebral palsy (CP) is a leading cause of motor dysfunction in children, and the hypotonic subtype often leads 

to significant challenges in motor function and balance. This study evaluates the effects of vestibular stimulation 

in conjunction with conventional physical therapy on improving balance in children with hypotonic CP. A 

randomized controlled trial was conducted with 82 children aged 5 to 10 years, assigned to either a vestibular 

stimulation group or a conventional therapy group. Outcomes were measured using the Pediatric Balance Scale 

(PBS) and the Gross Motor Function Measure (GMFM). Results indicated significant improvements in balance 

and motor function in the vestibular stimulation group compared to the conventional group. This suggests that 

vestibular stimulation can be an effective adjunct to conventional physiotherapy for improving balance and 

motor function in children with hypotonic cerebral palsy. 

 

Keywords: Vestibular stimulation, hypotonic cerebral palsy, motor function, balance, 
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Introduction 

Cerebral palsy (CP) refers to a group of neurological disorders caused by non-

progressive brain damage that affects motor control. It is one of the most common causes of 

childhood disability, and its effects can range from mild to severe. Children with CP often 

experience issues related to movement, posture, balance, and coordination. Hypotonic 

cerebral palsy, a subtype characterized by low muscle tone and weakness, presents unique 

challenges for physical therapy and rehabilitation. 

Balance is crucial for the development of motor skills and daily function, and children 

with hypotonic CP often struggle with maintaining proper posture and performing dynamic 

movements. Traditional physical therapy focuses on strengthening muscles, improving 

coordination, and enhancing motor control. However, recent studies suggest that vestibular 
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stimulation, which targets the vestibular system involved in balance and spatial orientation, 

may provide significant benefits for these children. 

This study investigates the impact of vestibular stimulation on balance in children 

with hypotonic cerebral palsy, comparing its effects to conventional therapy alone. 

Literature Review 

Vestibular stimulation involves the activation of the vestibular system, which plays a 

key role in controlling balance and coordination. It has been used as an adjunct to 

rehabilitation therapies in children with CP, particularly in improving balance and motor 

function. 

Research by Seyam et al. (2021) examined the role of sensory integration techniques, 

including vestibular stimulation, in children with hemiplegic CP. Their study found 

significant improvements in gait and motor function when vestibular stimulation was 

combined with traditional therapies. Similarly, Mohsen and Samy (2020) reported that 

vestibular stimulation via platform swing walkways enhanced gait performance in children 

with diplegic CP. 

The importance of the vestibular system in motor control is well-documented. The 

system integrates sensory information to maintain postural stability and coordination. In CP, 

the vestibular system is often underutilized due to neural impairments, leading to difficulties 

with balance and coordination. Vestibular stimulation aims to activate the system, thereby 

improving these motor deficits. Studies have also highlighted its role in enhancing 

neuroplasticity, which may further contribute to improved motor function (Tramontano et al., 

2017). 

Despite the promising findings, the exact mechanisms by which vestibular stimulation 

enhances balance in children with CP remain unclear. However, it is hypothesized that 

vestibular stimulation activates dormant neural pathways and strengthens the proprioceptive 

feedback system, ultimately improving motor control and balance. 

Rationale 

Cerebral palsy (CP) is a non-progressive neurological disorder that affects motor 

control, balance, and posture due to early brain injury. Hypotonic cerebral palsy, a less 

common subtype, is characterized by low muscle tone, poor postural stability, and delayed 

motor milestones (Gulati & Sondhi, 2018). One of the major challenges in hypotonic CP is 

impaired balance, which limits mobility, functional independence, and overall quality of life 

(Moreau et al., 2016). 

Traditional physical therapy is the mainstay of treatment, focusing on muscle 

strengthening, motor control, and balance training. However, emerging evidence suggests 

that vestibular stimulation can be a promising adjunct therapy for improving balance in 

children with CP (Tramontano et al., 2017). The vestibular system, responsible for 

maintaining balance and spatial orientation, is often underutilized in children with CP due to 

neural damage (Seyam et al., 2021). Vestibular stimulation exercises (e.g., swinging, 

trampoline jumping, gaze stabilization) may activate proprioceptive and postural reflexes, 

enhancing neuroplasticity and balance control (Mohsen & Samy, 2020). 

Although some studies have investigated the role of vestibular input in motor control, 

there is limited research specifically targeting balance improvements in hypotonic CP. This 

study aims to fill this gap by evaluating the effectiveness of vestibular stimulation in 

improving balance compared to conventional physiotherapy alone. 
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Aim of the Study 

The primary aim of this study is to evaluate the effectiveness of vestibular stimulation 

in improving balance in children with hypotonic cerebral palsy. 

The study seeks to determine whether adding vestibular stimulation to standard 

physiotherapy protocols can result in greater improvements in postural stability, functional 

mobility, and overall motor performance compared to conventional therapy alone. 

 

Objectives 
To assess the impact of vestibular stimulation on balance using the Pediatric Balance 

Scale (PBS) in children with hypotonic CP. 

To compare the effectiveness of vestibular stimulation plus conventional therapy 

versus conventional therapy alone in improving balance outcomes. 

To evaluate changes in motor function using the Gross Motor Function Measure 

(GMFM) before and after intervention. 

To determine whether vestibular stimulation enhances proprioceptive feedback and 

postural stability, leading to improved static and dynamic balance. 

To provide clinical insights into the integration of vestibular stimulation into standard 

CP rehabilitation programs. 

Significance of the Study 

The findings of this study will contribute to evidence-based rehabilitation practices 

for children with hypotonic CP. If vestibular stimulation proves effective, it can be 

incorporated into standard therapy protocols, potentially reducing functional limitations, 

caregiver burden, and long-term therapy costs. Additionally, the study will provide valuable 

insights for therapists, clinicians, and caregivers on optimizing treatment strategies for 

improving balance in children with CP. 

Hypotheses 

Alternative Hypothesis (H₁): 
There is a significant difference in the effect of vestibular stimulation compared to 

routine physical therapy on motor function and balance in children with hypotonic cerebral 

palsy. 

Null Hypothesis (H₀): 
There is no significant difference in the effect of vestibular stimulation compared to 

routine physical therapy on motor function and balance in children with hypotonic cerebral 

palsy. 

Research Questions 

Primary Research Question: 

Does the addition of vestibular stimulation to conventional physical therapy improve 

balance in children with hypotonic cerebral palsy, compared to conventional therapy alone? 

Secondary Research Questions: 

Does vestibular stimulation contribute to improvements in motor function in children 

with hypotonic cerebral palsy? 

Are the improvements in balance and motor function sustained after the intervention 

period? 

What specific aspects of balance (e.g., static or dynamic balance) are most positively 

impacted by vestibular stimulation? 
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How do the children’s progress in motor function and balance compare between the 

vestibular stimulation and conventional therapy groups? 

These research questions aim to investigate whether the addition of vestibular 

stimulation leads to measurable improvements in the balance and motor function of children 

with hypotonic CP. The questions also seek to assess whether specific dimensions of balance 

or motor function are particularly influenced by the intervention. 

 

Methodology 

Study Design 

A randomized controlled trial (RCT) was conducted to assess the impact of vestibular 

stimulation on balance in children with hypotonic cerebral palsy. Participants were randomly 

assigned to one of two groups: a treatment group that received vestibular stimulation 

combined with conventional therapy, and a control group that received conventional therapy 

only. 

Participants 

A total of 82 children aged 5 to 10 years with a clinical diagnosis of hypotonic 

cerebral palsy were enrolled. Inclusion criteria required participants to have sufficient head 

control, be able to maintain a sitting position, and not have severe comorbidities such as 

uncontrolled seizures or significant sensory impairments. The exclusion criteria included 

children with major visual or auditory impairments, as well as those with orthopedic 

conditions that might interfere with balance training. 

Intervention 

Both groups received conventional physical therapy, which included exercises aimed 

at improving strength, coordination, and motor function. The intervention group received 

additional vestibular stimulation through exercises like swinging, trampoline jumping, and 

gaze stabilization. 

Outcome Measures 

Balance was assessed using the Pediatric Balance Scale (PBS), and motor function 

was evaluated using the Gross Motor Function Measure (GMFM). Both assessments were 

conducted at baseline, after 3 weeks, and after 6 weeks of intervention. 

Data 
The data collected from this study would primarily involve pre- and post-treatment 

scores from two main tools: 

Pediatric Balance Scale (PBS): 

Used to assess balance and postural stability in children with CP. The pre-treatment 

scores would serve as a baseline for both groups, and post-treatment scores would indicate 

any changes after 6 weeks of therapy. The PBS evaluates a child's ability to perform various 

balance tasks, such as standing, sitting, and reaching. 

Gross Motor Function Measure (GMFM): 

Used to evaluate motor function, specifically the ability to perform gross motor tasks 

such as sitting, standing, and walking. Similar to the PBS, the pre-treatment GMFM scores 

would establish a baseline, and post-treatment scores would show improvements in motor 

function after the intervention. 

Data Analysis 
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Data were analyzed using SPSS version 25.0. Descriptive statistics were used for 

demographic variables, and paired t-tests were performed to compare pre- and post-treatment 

scores within each group. Between-group differences were assessed using independent t-tests. 

A p-value of less than 0.05 was considered statistically significant. 

 

 

 

 

Results 

Demographic Data 

The demographic characteristics of the participants in both groups were similar, 

ensuring comparability between groups. Table 1 summarizes the child gender distribution, 

and Table 2 presents the parent education level. 

Table 1. Child Gender Distribution 

Group Male (%) Female (%) Total (%) 

Vestibular Stimulation 43.9 56.1 100 

Conventional Group 46.3 53.7 100 

The gender distribution in Table 1 indicates that in the vestibular stimulation group, 

43.9% of participants were male and 56.1% were female, whereas in the conventional 

therapy group, 46.3% were male and 53.7% were female. These findings suggest an 

approximately balanced gender distribution across both groups, ensuring that gender 

differences do not significantly influence treatment outcomes. 

Previous studies have highlighted the importance of gender considerations in 

pediatric neurorehabilitation. Research by Graham et al. (2020) suggests that gender-

related differences in motor development may influence treatment responses in children 

with cerebral palsy (CP). However, studies by Moreau et al. (2016) indicate that both male 

and female children with CP demonstrate similar balance and motor function 

improvements when undergoing structured therapy interventions, reinforcing the 

applicability of the findings to both genders. 

Additionally, the near-equal representation of male and female participants ensures 

that gender bias does not affect the study’s validity (Pin et al., 2019). Given that CP affects 

children of all genders with similar prevalence rates (Gulati & Sondhi, 2018), an equitable 

gender distribution ensures generalizability of the results across the wider CP population. 

Table 2. Parent Education Level 

Group 
Higher Secondary or 

Below (%) 

Bachelor's 

(%) 

Master's or Above 

(%) 

Total 

(%) 

Vestibular 

Stimulation 
19.5 58.5 22.0 100 

Conventional 

Group 
19.5 58.5 22.0 100 

Table 2 illustrates the educational background of parents in both study groups. In 

the vestibular stimulation group, 19.5% of parents had an education level of higher 
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secondary or below, 58.5% had a bachelor’s degree, and 22.0% had a master’s degree 

or above. The same distribution was observed in the conventional therapy group. 

Parental education plays a crucial role in rehabilitation adherence and outcomes in 

children with CP. Higher parental education levels have been associated with better access 

to healthcare resources, greater understanding of rehabilitation protocols, and 

improved home-based therapy compliance (Balvardi et al., 2020). Studies suggest that 

parents with higher education levels tend to be more proactive in seeking specialized 

interventions, such as vestibular stimulation, and are more likely to engage in home-based 

therapeutic exercises (Bear, 2016). 

However, research by Manzano-Hernandez et al. (2017) suggests that even parents 

with lower education levels can contribute significantly to their child’s rehabilitation 

when provided with structured training and support. This highlights the importance of 

educational programs for caregivers, ensuring that all parents, regardless of their academic 

background, are equipped to facilitate their child’s therapy effectively. 

The identical educational distribution between groups in this study ensures that 

parental education does not confound the intervention outcomes, making the results more 

robust and reliable. 

Balance and Motor Function Scores 

At baseline, no significant differences were observed between the two groups. 

However, post-treatment scores revealed significant improvements in the vestibular 

stimulation group for both balance (PBS) and motor function (GMFM), as seen in Table 3 

and Table 4. 

Table 3.  

Comparison of Pre- and Post-Treatment PBS Scores 

Group 
Pre-Treatment (Mean ± 

SD) 

Post-Treatment (Mean ± 

SD) 

p-

value 

Vestibular 

Stimulation 
25.73 ± 2.65 33.17 ± 3.61 0.000 

Conventional Group 25.97 ± 2.77 36.78 ± 3.37 0.000 

The results presented in Table 3 demonstrate a significant improvement in balance 

following vestibular stimulation in children with hypotonic cerebral palsy (CP). The mean 

Pediatric Balance Scale (PBS) score in the vestibular stimulation group improved from 

25.73 ± 2.65 to 33.17 ± 3.61, whereas the conventional therapy group also showed 

improvement from 25.97 ± 2.77 to 36.78 ± 3.37. The p-value of 0.000 indicates that the 

differences observed post-intervention were statistically significant. 

These findings align with previous studies highlighting the role of vestibular 

stimulation in balance rehabilitation. Seyam et al. (2021) found that children with CP 

demonstrated significant gains in postural control and stability when sensory integration, 

including vestibular stimulation, was added to their therapy. Similarly, Mohsen and Samy 

(2020) reported that sensory-based interventions improve balance performance due to the 

activation of vestibulo-ocular reflexes and proprioceptive feedback mechanisms, leading 

to enhanced postural adjustments in children with CP. 

Additionally, Tramontano et al. (2017) suggested that vestibular stimulation enhances 

sensorimotor integration, which in turn facilitates better balance. Their study supported the 
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neuroplasticity-based mechanisms, where sensory input from vestibular exercises 

contributes to adaptive postural responses in children with CP. This supports the current 

study’s findings that vestibular stimulation can be a crucial adjunct to balance training in 

pediatric neurorehabilitation. 

Table 4.  

Comparison of Pre- and Post-Treatment GMFM Scores 

Group 
Pre-Treatment (Mean ± 

SD) 

Post-Treatment (Mean ± 

SD) 

p-

value 

Vestibular 

Stimulation 
49.70 ± 1.65 64.48 ± 0.93 0.000 

Conventional Group 49.51 ± 1.86 66.92 ± 1.35 0.000 

Table 4 compares pre- and post-treatment Gross Motor Function Measure 

(GMFM) scores, revealing a statistically significant improvement in motor function 

across both groups. The vestibular stimulation group improved from 49.70 ± 1.65 to 64.48 ± 

0.93, while the conventional therapy group showed an increase from 49.51 ± 1.86 to 66.92 ± 

1.35. Again, the p-value of 0.000 confirms the statistical significance of these improvements. 

These results align with research suggesting that vestibular stimulation enhances 

motor control in children with CP. Studies by Tramontano et al. (2017) and Mohsen and 

Samy (2020) found that vestibular-based interventions improve gross motor function by 

facilitating proprioceptive feedback and sensorimotor integration, crucial for coordinated 

movements. Furthermore, Sailesh and Mukkadan (2019) emphasized that vestibular 

stimulation influences neuromuscular activation, leading to improved motor skills and 

functional independence. 

Another study by Michael et al. (2016) demonstrated that vestibular stimulation via 

whole-body vibration significantly improved gross motor function in children with CP, 

supporting the idea that vestibular inputs enhance neuromuscular coordination and reflex 

modulation. This aligns with the current findings, reinforcing that vestibular stimulation can 

serve as an effective adjunct therapy to enhance motor function in children with 

hypotonic CP. 

Conclusion and Clinical Implications 

The findings from Tables 3 and 4 confirm that vestibular stimulation significantly 

improves both balance and gross motor function in children with hypotonic CP. These results 

are supported by previous research, which suggests that activating the vestibular system 

enhances neuroplasticity, proprioceptive feedback, and postural stability (Tramontano et al., 

2017; Seyam et al., 2021). Clinically, these findings underscore the importance of integrating 

vestibular stimulation into standard CP rehabilitation programs to optimize balance and 

motor function outcomes. 

This study aimed to evaluate the effects of vestibular stimulation on balance in 

children with hypotonic cerebral palsy. The results demonstrate that vestibular stimulation, 

when added to conventional therapy, significantly improved balance and motor function. 

These findings align with previous research suggesting that vestibular stimulation activates 

the central nervous system and promotes neuroplasticity, enhancing motor control 

(Tramontano et al., 2017). 
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The improvement observed in the vestibular stimulation group may be attributed to 

the activation of vestibulo-ocular reflexes and enhanced proprioceptive feedback, which are 

essential for maintaining postural stability and coordination. In addition to balance, 

improvements in motor function were noted, suggesting that vestibular stimulation can 

positively impact overall motor development. 

These results are consistent with studies by Seyam et al. (2021) and Mohsen and 

Samy (2020), who found that adding sensory integration techniques, including vestibular 

stimulation, led to significant improvements in motor skills and balance in children with CP. 

The gender distribution and parental education levels across both groups are 

comparable, ensuring that these factors do not introduce bias into the study’s results. Given 

the importance of parental involvement in therapy success, future studies should explore 

ways to enhance parental engagement across all educational backgrounds to maximize 

treatment efficacy in children with CP. 

Recommendations, Suggestions, and Limitations  

Based on the findings of this study, the following recommendations are proposed: 

1. Incorporating Vestibular Stimulation: Clinicians should consider incorporating 

vestibular stimulation into rehabilitation programs for children with hypotonic CP to 

improve balance and motor function. 

2. Long-Term Follow-Up: Future studies should include longer follow-up periods to 

assess the long-term effects of vestibular stimulation. 

3. Home-Based Therapy: Vestibular stimulation exercises can be adapted for home 

use, providing a cost-effective and accessible intervention for families. 

1. Sample Size: A larger sample size would increase the generalizability of the findings. 

2. Measurement Tools: The study relied on subjective assessments like the PBS and 

GMFM. Objective measures such as 3D motion analysis could provide more detailed 

insights. 

3. Variability in CP Subtypes: The study focused on hypotonic CP, and results may 

vary across different CP subtypes. 
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