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Abstract

Introduction: Down syndrome, commonly known as Down syndrome, is a
genetic disorder caused by an extra copy of chromosome 21. Children with
this condition often present with various motor impairments including
hypotonia, joint hypermobility, diminished reflexes, persistent primitive
reflexes, and delayed postural reactions—all contributing to impaired
balance and delayed motor development.

Purpose: This study aimed to evaluate and compare the therapeutic efficacy
of vestibular stimulation (VS) versus neurodevelopmental therapy (NDT) in
improving balance function among children with Down syndrome.
Methods: A total of 20 children diagnosed with Down syndrome were
selected using purposive sampling and divided into two equal groups (n=10).
One group received vestibular stimulation therapy while the other underwent
neurodevelopmental therapy. The Pediatric Balance Scale (PBS) was used
as the outcome measure to assess pre- and post-intervention balance
performance.

Results: The vestibular stimulation group showed a significant
improvement, with mean PBS scores increasing from 8.3 (pre) to 27.8 (post),
p < 0.05. The neurodevelopmental therapy group also demonstrated
improvement, with scores increasing from 6.8 to 16.6, p < 0.05. However,
the improvement was markedly greater in the vestibular stimulation group.
Conclusion: The findings suggest that vestibular stimulation is more
effective than neurodevelopmental therapy in enhancing balance in children
with Down syndrome. Incorporating vestibular-based interventions may thus
provide greater benefits in managing balance dysfunction in this population.

Keywords: down syndrome (T21), vestibular stimulation (VS),
neurodevelopmental therapy (NDT), pediatric balance Scale (PBS), balance
dysfunction

Infroduction:

Chromosomes are small “packages” of genes in the body?. They determine
how a baby’s body forms and functions as it grows during pregnancy and
after birth. Typically, a baby is born with 46 chromosomes. Babies with
Down syndrome have an extra copy of one of these chromosomes,
chromosome 21 2. A medical term for having an extra copy of a chromosome
is Down syndrome.In children with Down syndrome there have been a few
observed and measured motor characteristics such as hypotoncity, joint hypo
mobility, decrease in deep tendon reflex, maintenance of primitive reflex and
a delay in appearance of reaction timing and equilibrium reaction that may
have contributed to delay development?®.

Purpose: to find out the therapeutic efficacy of vestibular stimulation versus
neurodevelopmental therapy for balance disorder of children with
triosomy21.
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Down syndrome was named after JOHN LANGDON DOWN the first physician to identify the syndrome. Down syndrome is the most
common Chromosomal abnormality among live birth*. Down syndrome is the most frequent genetic cause of mild to moderate mental
retardation and associated medical problem and occurs in 1 out of 800 live births in all races and economic groups®.

Down syndrome is characterized by a variety of dimorphic features, congenital malformation and other health problems and medical
condition. Not all of them are present in each affected individual®.

In children with Down syndrome there have been several observed and measured motor characteristics such as hypotoncity, joint hypo
mobility, decrease in deep tendon reflex, maintenance of primitive reflex and a delay in appearance of reaction timing and equilibrium
reaction that may have contributed to delay development’.

The chromosomal basis of Down syndrome

Human body cell contains 23 pairs of chromosomes, half of which are inherited from each parent. Only the human reproductive cells,
the sperm cells in males and the Ovum in females, have 23 individual chromosomes not pairs. These chromosome pairs as the xx pair
present in females, and the xy pairs, present in males, and number them 1 through 223

When the reproductive cells, the sperm and ovum combine at fertilization, the fertilized egg that results contain 23 chromosome pairs.
A fertilized egg that will develop into a female contains chromosome pairs 1 through 22, and the xx pair. A fertilized egg that will
develop into a male contains chromosome pairs 1 through 22, and the xy pair. When the fertilized egg contains extra material from
chromosome number 21, this results in Down syndrome®.

Incidence of Down syndrome
Down syndrome rises with increasing maternal age.

For parents of a child with Down syndrome due to translocation Down syndrome, there may be an increased likelihood of Down
syndrome in future pregnancies. This is because one of the two parents may be balanced carriers of the translocation '°.

Occurrence of Down syndrome

Occurrence of Down syndrome is due to a random event that occurred during formation of the reproductive cells, the ovum or sperm.

The probability that another child with Down syndrome will be born in a subsequent pregnancy is about 1 percent, regardless of maternal
1

age'l.

Aim & need of study:
Aim of study

Aim of the study is to compare the effectiveness of Vestibular stimulation Vs Neurodevelopmental therapy in improving balance for
children with Down syndrome!'?.

Need For Study

In clinical setting Neurodevelopmental therapy is being usually given to improve balance for children with Down syndrome. Vestibular
stimulation has shown promising result, and it is an approach that can be used to improve balance in children with Down syndrome by
normalization of extensor muscle tone and by the development of equilibrium reaction 4.

This study has been conducted to compare the effectiveness of vestibular stimulation with Neurodevelopmental therapy to improve
balance for children with Down syndrome '3.

Methodology:
Study design
Pretest & posttest experimental study design
Sample Size
20 Children who fit into the inclusive criteria were taken. 10 patients were allotted for each group.
Sampling technique
Purposive sampling technique.
Study setting
> Dept of Physiotherapy Gurugram University Gurugram

Criteria for selection

Inclusive Criteria

* Down syndrome Age between 5 to 10 Yrs.
i Down syndrome Both Gender
i Down syndrome confirmed by chromosome Karyo type

Exclusive Criteria
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. Congentital heart disease
o Hearing problem
. Dementia similar to Alzheimer’s
i Eye problem such as Cataract
. Celiac disease
Duration of study
4 months
Study Method
Experimental group I treated with vestibular stimulation
Two Group
Experimental group II treated with

Neurodevelopmental therapy.
Measurement Tool

Pediatric Balance Scale

Technique of Study

Experimental Group I
To find out the effect of vestibular stimulation in improving balance for children with Down syndrome.
Vestibular Stimulation

a. Bouncing & jumping activities

i Jump on a mini trampoline
o Jump on the bed
o Jump off a step into a pile of pillows or bean bag chairs.
o Bounce on a bouncy horse with up and down and back and forth motion.
b. Linear swing activities
i Hammock swing — on stomach while doing an activity (knock over cones, throw bean bags, catch a
ball, pick up toys etc)
i Hammock swing — moving back and forth or side to side.
i Hammock swing — with rotation and changing direction quickly

C. By moving the support surface, the centre of gravity is changed as active or passive.
d. By pushing — pulling activities displacement of the centre of gravity is created. There are activities which
enable active equilibrium on steep surface such as stairs, ramps and unfamiliar surface

€. By using equipment such as balance boards, barrel
f. Slide — various heights and directions and landing on various surface.

Duration of treatment - 45min
Repetition - 10 Rep/exercise
No.of section - 2 session / day No. of day/wee - 5 days / week

Exercise on trampoline
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Experimental Group II

To find out the effect of Neurodevelopmental therapy in improving balance for children with Down syndrome.
Neurodevelopmental therapy

a. Swiss ball exercise

i Trunk extension in Swiss ball
i Trunk Rotation in Swiss ball
o Prone to sitting, supine to sitting.
o Forward weight shift into extended upper extremities with lower extremities maintained in
dissociated position.
b. Mat activities:
. Side sitting to kneeling
o Kneeling to half kneeling
i Proximal weight bearing with single leg dissociation and one hand searching activity.
C. Standing
i Sitting to half kneeling
i Single leg standing
i Dissociated quadripod in proximal weight bearing Duration of treatment - 45min
Repetition - 10 Rep/exercise
No.of section - 2 session / day
No. of day/week - 5 days / week

Exercise on Swiss ball

Data presentation:
A. Experimental Group I

- 10 Down syndrome children were treated with Vestibular stimulation
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1. S.No. 2. PRE TEST 3. POST TEST
4. 1 14. 8 24. 25
5. 2 15. 4 25. 24
6. 3 16. 9 26. 29
7. 4 17.°5 27. 25
8 5 18. 9 28. 27
9. 6 19. 10 29. 31
10. 7 20. 9 30. 28
11. 8 21. 8 31. 26
12. 9 22. 11 32. 33
13. 10 23. 10 33. 30

Experimental Group II

Aditum Publishing —www.aditum.org

10 Down syndrome children were treated with Neurodevelopmental therapy

S.No. PRE TEST POST TEST
1 8 18
2 9 20
3 7 17
4 8 19
5 7 16
6 8 20
7 7 15
8 9 19
9 5 12
10 4 10
Data Analysis
Demographic Data
Group Il Group Il
5-8 4 7
Age
8 -10 6 3
M 5 6
Sex
F 5 4

Tabulation: Paired‘t’ test

A. Experimental Group I (Vestibular stimulation)

Pretest

Post test

Mean

8.3

27.8

‘t’ value

41.489

Level of significance: p<0.05 and significant

B. Experimental Group II (Neurodevelopmental therapy)
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Pretest Post test

Mean 6.8 16.6

‘t’ value 15.932

Level of significance: p<0.05 and significant

Unpaired ‘t’ test

A. Post test between Experimental Group I and Group I1
Group | Group Il

Mean 27.8 16.6

‘t’ value 5.125

Level of significance: p<0.05 and significant
Graphical Presentation

Pediatric balance scale
Paired‘t’ test

A. Experimental Group | (Vestibular stimulation)

B patenreihend.
best; 27,8

Bpretest
PBS B patenreihenl.
Pretest; 8,3 Bposttest
B. Experimental Group Il (Neurodevelopmental therapy)

4 o 16.6 N

PB 068 Opretest

S DOposttest
- /

Independent ‘t’ test
Post test of experimental group I & group II
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4 N

B patenreihenl.
Group |; 27,8

B Dpatenreihenl.
Group 11; 16,6

BEGroup |
PBS

B Group Il

Result:

Paired‘t’ test

Pediatric balance scale

Experimental Group I (Vestibular Stimulation)

For 9 degrees of freedom at 5% level of significance the calculated ’t’ value is 41.489 which is greater than the table ‘t’ value 2.262.
Hence alternate hypothesis is accepted.

Experimental Group II (Neurodevelopmental therapy)

For 9 degrees of freedom at 5% level of significance the calculated‘t’ value is 15.932 which is greater than the table ‘t’ value 2.262. It
shows there is significant difference between data. Hence alternate hypothesis is accepted.

Unpaired ‘t’ test

Pediatric balance scale

Post test value (Experimental Group I & II)

When the post-test value of experimental Group I and experimental

Group II were analyzed by unpaired ‘t’ test. The calculated ‘t” value is 5.125. The table ‘t’ value at 5% level of 18 degree of freedom
is 2.101 which is less than the calculated ‘t’ value. So, there is significant difference between two groups and hence alternate hypothesis
is accepted.

Discussion:

Down syndrome is the most common chromosomal abnormality among live birth!>. In children with Down syndrome there have been
several observed and measured motor characteristics such as delay in equilibrium reaction, hypotonicity, joint hypomobility, a delay in
appearance of reaction timing®.

The study was conducted to compare the effectiveness of Neurodevelopmental therapy and Vestibular stimulation to improve balance
in children with Down syndrome'”.

The study comprised of two experimental group of 20 samples. They were included according to the inclusive and exclusive criteria'®.
The samples were selected using purposive sampling design. The samples were divided into two experimental groups where
experimental group I received vestibular stimulation and experimental group II received neurodevelopmental therapy '’. Pre and post
test scores were noted according to the study design. Balance was assessed using pediatric balance scale?.

The statistical analysis was done using paired‘t’ test and independent‘t’ test. The results obtained after analysis showed there is
significant improvement in group I treated with vestibular stimulation compared to group II treated with neurodevelopmental therapy
and found that there is no significant difference between two groups.

The improvement is due to vestibular stimulation.

Reasons: -
X It is important in the achievement of normal motor development and coordination
X It is particularly important in the development of motor skills, the integration of postural reflex, forming co-
ordinated eye movement.
<> Vestibular stimulation a beneficial in regulation of functional balance.
<> Vestibular stimulation helps in bringing out positive outcomes in the following.
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Shortening of post rotary nystagmus duration
Inefficiency in pivot prone extension
Hypotonicity in extensor muscle

Weakness in equilibrium and support reaction
Decrease in joint stability

Feeling of gravitation insecurity

CUR R R
L X X X X4

X3

*

X3

*

Conclusion:

A balance disorder is a disturbance that causes an individual to feel unsteady or have a sensation of movement. An organ in our inner
ear is an important part of our vestibular system.

The Vestibular system in the brain does more than just allow us to stand upright, maintain balance and move through space. Its co-
ordinates information from the vestibular organ in the inner ear eyes, muscle, joints fingertips, palm of the hand, gravity receptors on
the skin and adjust to heart rate, Blood pressure, muscle tone, limb position, arousal and balance.

Dysfunction in the vestibular system can cause abnormalities in muscle tone, difficulty defecating, need for self-stimulation etc.
Exercises that activate wide range of inputs to the vestibular system have been found to be effective in reducing vestibular problem.
Physical therapy intervention like vestibular stimulation and neurodevelopmental therapy were given to selected patient 10 patient in
each group.

Pretest, posttest scores are noted, and analysis was done using paired ‘t’ test and independent ‘t’ test statistical analysis shows that there
is significant improvement in balance with both technique and vestibular stimulation is found to be more effective than
neurodevelopmental therapy.

From this it can be concluded that vestibular stimulation can be incorporated to treat children with Down syndrome to improve balance.
Further undergoing earlier management leads to better prognosis

Limitation and Suggestion:

= This study has been carried out on small sample size. Studies can be done with larger samples.

= The study was done in a short term and long period study should be performed to validate the finding.

= Further studies on comparing Neurodevelopmental therapy Vs vestibular stimulation in improving motor
performance can be done.

= Further studies on comparing vestibular stimulation and sensory integration can be used to improve balance
in Down syndrome children.

= Assessment of balance can also be done using computerized bio photogrammetry.

= Studies on Neurodevelopmental therapy, sensory integration and vestibular stimulation given in combination
has been proved to effective can also be done.

= Studies in improving gait for children with Down syndrome through vestibular stimulation can also be done.
= Balance activities given through sensory integration can be assessed with

‘pediatric clinical test of sensory interaction for Balance.
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