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Normal female child shows her gross motor, fine motor, and balancing skill little earlier than her fellow normal male child 
in her early years of development but when it comes to injury to developing brain, there have been no clear guidelines 
for hypotonic CPs that which gender has more chances during treatment to develop new gross motor skills. To 
determine the effects of vestibular stimulation and neurodevelopmental technique on tone and developmental 
milestones with hypotonic CP while controlling gender. RCT carried out on 24 hypotonic CP of 6 months to 4 years with 
accurate (history of late or no neck holding till the age of 6 months) zero score at GMFM-88 and less than 54 and 68 at 
INFANIB for 6 months and 8 months participants respectively, were recruited. Group A had given vestibular stimulation 
while group B provided the neurodevelopmental technique additionally, thrice a day for 10 weeks. Pre and post 
measurements were recorded for tone and developmental milestones and analyzed by SPSS 21.The results of this 
study given evidence that post 10th week, effects of intervention on gender variable in group A and in group B exhibited 
no significant difference statistically (P>0.05).The effect of Vestibular Stimulation and Neurodevelopmental Technique 
on muscle tone and developmental milestones of children with hypotonic Cerebral Palsy in both genders have no 
significant difference. 
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INTRODUCTION 

Cerebral Palsy is a collection of everlasting disorders 
of the development of posture and movement, producing 
activity restriction, ascribed to non-progressive disorders 
that arose in the young brain (Tiemeier et al. 2010). It can 
involve different parts of brain in first year of life of an 
infant (Vlachos et al. 2014). Young children in their early 
months of development, more rely on their vestibular and 
visual system rather than somatosensory system for early 
mobility and ambulation (Damiano et al. 2021). Motor 
milestones like sitting, pulling to stand, standing, and the 
vanishing of primitive reflex postures and development of 
postural reactions exemplify the basis for devising 
locomotor prognosis in children (Norrud et al. 2021). This 
is very much significant and critical point to ponder that as 
if, someone exactly knows these normal developmental 
milestones accordance with age and gender then for 
healthcare care practitioners, it is quite incredibly become 
easy to identify the motor delays in children which then 
possibly would facilitates the diagnosis of children at risk 
of any neurological disorder such as cerebral palsy (Peyre 
et al. 2019). Cerebral Palsy and associated developmental 

conditions are more prevalent in males than in females, 
although the motives for this discrepancy are ambiguous 
(Upadhyay et al. 2020). An infant with cerebral palsy may 
be contemporary with shallow muscle tone shows in their 
"first six months and next progress to spasticity" drives to 
roughly estimate that the "dyskinesia (athetosis and 
dystonia) and ataxia might not advance till the child's age 
reach to 18 months (Wagh et al. 2019). Current 
neuroimaging studies revealed that in the first two years of 
a child's life, different parts, especially sensory and motor 
areas of the brain, develop first, particularly in female 
children and establish motor synapses(circuits) connected 
to cerebellum (Veličković 2005). 

In the hypotonic type of cerebral palsy, adequate 
relaxation, and contraction; no reflexive activity appears. It 
is considered that this is an ever-changing stage in the 
advancement of spasticity or athetosis. It depicts itself with 
reduced muscle tone whereas diminished primitive reflex 
patterns at rest. There is the reduction in antigravity 
movements, difficulty in raising head while in a prone lying 
position, extreme flexibility in joints, especially in wrist and 
the ankle, different primitive reflexes are not present, i.e., 
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Moro and suckling reflex during the early phase will be 
absent (Elbasan et al. 2017).  

Normally, it has been recorded that the girls achieve 
earlier developmental milestones when compared to boys. 
Girls exhibit better motor skills while performing 
graphomotor and visual-motor tasks in their preschool age 
because at this age they develop manual dexterity, 
coordination, and balance skills earlier than boys in their 
preschool age (Horak et al. 2002). Other articles revealed 
key differences between female and male neurons 
cultivated individually in cell culture, indicating that sex 
differences in the newborns cause from fundamental 
changes in cell death routes (Xu et al. 2015). This new 
evidence suggests vital neurobiological variations 
between females and males regarding their reaction to 
brain injuries. This data is pertinent to grasp the 
pathogenesis of CP and the strategy of future clinical trials 
of possible neuroprotective strategies (Blanche 2008, Xu 
et al. 2015). However, the objective of this study is to 
distinguish whether existing rehabilitation techniques such 
as Bobath Approach (NDT) and Sensory integration 
therapy specifically vestibular stimulation (VS) can affect a 
child with tone abnormality (Hypotonia) on the base of 
their gender and to get the future knowledge to gauge for 
using the accurate practice and result measures when 
treating this kind of CP. 
  
MATERIALS AND METHODS 

Randomized controlled trial number NCT04894799 
was conducted at Helping Hand Comprehensive 
Rehabilitation Center, Chakwal and Human Development 
Center, Riyadh after the approval from the research 
ethical committee approval number 00983 of Riphah 
International University, Islamabad from May to October 
2021 over 24 participants, which was calculated through 
open epitool. The participants were randomly divided into 
the two groups through lottery method with equal 
distribution of gender in each group. Children with 
hypotonic CP of both genders with age between 6 months 
to 4 years having score on Gross Motor Function 
Measure-88 of zero (0) at age of 6 months and tone Score 
on INFANIB Scale of total scoring ≤ 54 at 6 months and 8 
month or more total scoring ≤ 68, were included. Children 
with other abnormalities and pathologies like Down 
syndrome, Joubert syndrome, or any other medical 
condition like pneumonia, children undergone any surgical 
procedure like reconstruction surgeries for congenital 
disabilities of eyes, head, neck or all four limbs of the body 
or children with other type of cerebral palsy like spastic 
(hypertonic), choreo-athetoid, dystonic, ataxic, athetoid 
and mixed CP and mentally challenged were excluded 
from the study.  

Group A were given vestibular stimulation therapy 
using swings like Infant swing, frog swing, platform swing, 
regular playground swing and group B were given 
neurodevelopment therapy low tone facilitation approach 
(table 1). The assessment was made on the GMFM-88 

and INFANIB for gross motor function and tone 
respectively as baseline and after ten weeks of 
intervention.  
Table 1: Intervention Protocol 
Week Group A Group B 

1-4 
Infant swings (1 hour) 

3 times per week 

Neck control facilitation 
exercises (1 hour) 
3 times per week 

5-6 
Infant Swing / seated on 
frog swing (30 minutes) 

3 times/ week 

Neck control facilitation 
(30 minutes) /sitting 

facilitation with weight 
shifting proceeded with 

trunk elongation 30 
minutes 

3 times/week 

7-8 

Infant Swing/ prone on 
frog swing (30 minutes)- 

feet touching the floor 
3 times per week 

Neck control exercises 
(30mins)/sitting and 

kneeling weigh 
bearing(30min) 

3 times per week 

9-10 

Infant Swing/ seated on 
regular playground 
swing/ standing on 
Platform Swing (30 

minutes) 
3times / week 

Neck control facilitation 
(30mins)/sitting and kneel 

sit weight Bearing and 
standing with elongation 

of trunk (30mins) 
3times / week 

 
 
RESULTS AND DISCUSSION 

The mean age, in months, of 24 participants was 
19.37±12.02 and 20.5±0.53, 18.25±10.26 for group A and 
B respectively. The mean gestational age, in weeks, of 24 
participants was 34.50±3.07, for all boys mean gestational 
age was 34.67±3.27 and for girls was, 34.00 ± 3.35. For 
the analysis of tone and milestones between the groups, 
the independent sample t test applied and found no 
significant results statistically (Table 2). Additionally, there 
is no statistically significant result found for tone and 
milestone in either gender (Table 3). 

The objective of the study was to determine the 
effects of vestibular stimulation and neurodevelopmental 
technique on tone and developmental milestones with 
hypotonic CP while controlling gender. In current study, 
there is no significant difference in tone and milestone 
scores between and within the group analysis in either 
gender. A study by Park EY et al. (2017) showed the 
same results for tone and developmental milestone scores 
of participants while analyzing any gender specific effect, 
there was no significant difference observed between the 
groups (Park et al. 2017). Xu K et al. in 2015 also showed 
no significant difference between the groups with gender 
specific physiotherapy intervention.  

A study by Josenby et al. in 2020 also showed no 
significant difference between the groups with gender 
specific physiotherapy intervention. 
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Table 2: Between the Group Analysis 

 

Variables 
Group A 

Mean± SD 
Group B 

Mean± SD 
p value 

Boys 

Popliteal Angle 
Pre 109.17±22.45 110±17.88 

0.380 
Post 101.67±19.67 100±11.84 

Leg Abduction 
Pre 115.84±13.94 121.67±11.25 

0.640 
Post 104.17±12.42 106.67±9.31 

 
Girls 

Popliteal Angle 
Pre 118.33±15.71 110±16.13 

0.863 
Post 105±12.25 97.50±15.73 

Leg Abduction 
Pre 120.83±13.57 119.17±13.19 

0.702 
Post 110±12.65 106.67±11.25 

Boys 

Rolling 
Pre 41.75±4.45 45.08±4.64 

0.73 
Post 46.15±14.67 48.36±4.05 

Sitting 
Pre 19.75±3.61 20.54±2.28 

0.34 
Post 22.03±3.95 23.88±2.27 

Girls 
Rolling 

Pre 33.98±13.5 41.94±4.01 
0.37 

Post 38.87±13.11 44.23±4.19 

Sitting Pre 15.55±8.73 18.87±2.70 0.44 

 
Table 3: Mann Whitney U Test for Tone and Milestone Gender wise 

 

Variable 
Group Baseline 10th week 

Boys Median (IQR) Median (IQR) p-value 

Tone 

Scarf Sign 
A 75.00(7.50) 76.0(7.08) 

0.132 
B 57.7(6.08) 73.0(7.00) 

Heel to ear 
A 71.5(7.17) 31.2(7.17) 

0.180 
B 72.1(6.42) 31.45(6.33) 

Milestone 

Crawling 
A 6.57(2.83) 5.95(6.17) 

0.715 
B 3.21(3.08) 3.50(7.00) 

Standing 
A 0.00(1.10) 0.00(1.17) 

0.867 
B 1.01(3.42) 1.45(4.33) 

  Girls 

Tone 

Scarf Sign 
A 65.5(7.42) 76.0(7.08) 

.867 
B 57.7(6.08) 73.0(7.00) 

Heel to ear 
A 61.5(7.17) 33.02(7.67) 

.334 
B 60.1(6.42) 33.50(6.23) 

Milestone 

Crawling 
A 5.95(4.24) 5.90(4.08) 

0.569 
B 3.11(4.08) 3.20(3.50) 

Standing 
A 0.51(2.17) 0.10(1.67) 

0.522 
B 0.11(4.42) 3.45(6.33) 

 
Tramontano et al. 2017, reported the efficiency of 

vestibular stimulation on motor performance in CP 
children may be due to the additional NDT therapy 
provided to the participants and the outcome tool were of 
little different to measure the motor performance. Powel 
reported that vestibular stimulation has various effects on 
the development of brain, probably because of the 
stimulation of vestibular sensors which are present in the 
inner ear, and also due to development of sense of 
position in environment. Mittal et al. 2012 concluded that 
the vestibular stimulation helps in achieving normal motor 
development and co-ordination. There was improvement 
in the motor development this can be due integration of 
the PRs because of vestibular stimulation given during 
therapy which causes excitation of antigravity muscle and 

reciprocal inhibition of flexor muscles and maintenance of 
muscle tone (Hosseini et al. 2015). Vestibular stimulation 
was effective in improving postural control, movement, 
emotional well-being, and social participation of a child 
with hypotonic cerebral palsy (An SJL, 2015).  
Hippotherapy resulted in improved seated postural 
balance among children with cerebral palsy, as evidenced 
by lower center of pressure displacement, particularly after 
a greater number of sessions. After the last evaluations, 
when completing 36 sessions of hippotherapy, it was 
verified that the improvements to the postural balance 
continued to occur (Moraes et al. 2018). A single session 
of vestibular stimulation for 15 min of a 3-inches of vertical 
oscillation to a 35 years old male with spasticity due to CP 
showed promising results of vestibular stimulation 
application as an intervention that could magnify the 
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effectiveness of conventionally prescribed rehabilitation 
training/exercises (Androwis et al. 2020). Vestibular 
stimulation is effective if utilized from selected head 
positions for hemiparetic children to improve their fine 
motor skills and pinch strength (Abd, 2017). A case report 
concluded that there is decrease in time latency between 
the onset of EMG activation and limb movement post 
vestibular stimulation may be explained as a result of a 
reduction in muscle tone and stiffness (Androwis). The 
subject exhibited signs of spasticity (tone) and dystonia 
(shank lock due to co-contraction) and responded to 
whole body vibration as reduced the co-contraction and 
vestibular stimulation as reduced the muscle tone. By 
temporarily reducing these manifestations, individuals will 
not only be able to receive therapy, but its effectiveness is 
expected to increase (Michael et al. 2016).  

CONCLUSION 
There is no significant effect and difference found in 

tone and developmental milestone of children with 
hypotonic cerebral palsy in either gender through 
vestibular stimulation.  
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